Public Comments Received on the
2016 Draft Impaired Waters List

A public comment period on the Draft 2016 Impaired Waters List was held from October 27, 2015 to
November 25, 2015.

DEPT. OF MATURAL RESOURCES



From: Barb Rodgers

To: DNR Impaired Waters
Subject: Ahnapee river restoration plan needs high priority
Date: Wednesday, November 18, 2015 2:15:49 PM

To whom it may concern,

We have been a residents of Algoma for 20 years and have watched our beautiful Crescent Beach and
the Lake Michigan waters become progressively worsened by the inflow of Ahnapee river water that
contains a high content of Phosphorus.

Often the waves are pea soup green and large areas of decaying algae line the beaches. A horrible
stench blows in the wind. This is not only a health hazard but a huge quality of life issue for those living
in or wanting to visit the city of Algoma.

A restoration plan for the Ahnapee river needs to be put in place to address this growing problem.
Please consider implementing a plan with some urgency and make it a high priority in the 2016 budget.

Sincerely,

Barb and Barry Rodgers


mailto:barbrodgers1@gmail.com
mailto:DNRImpairedWaters@wisconsin.gov

From: Catherine Pabich

To: DNR Impaired Waters
Subject: Ahnapee River, Impaired Waters List 2016 Draft Comment
Date: Tuesday, November 17, 2015 11:01:53 AM

To: Aaron Larson, DNR Water Evaluation Section

Re: Ahnapee River, Impaired Waters List 2016 draft

The Ahnapee River was placed on Wisconsin’s Impaired Waters List for excessive phosphorus levels in
2014, but assigned low priority status for development of the required restoration plan. | am writing to
ask that the Wisconsin DNR’s 2016 list assign the highest priority to creating and implementing a plan
to reduce phosphorus levels in the Ahnapee River.

High phosphorus levels contribute to algae growth that can impair fish and wildlife habitats, interfere
with recreational activities, discourage tourism, affect property values, and impact public health.
According to the 2014 “Crescent Beach Management & Monitoring Pollutants in the Ahnapee River
Watershed” report the Ahnapee River also negatively impacts the health of Algoma’s Crescent Beach.
Algae mats in near shore waters and on the beach serve as a reservoir for bacteria, a trap for litter, and
an attraction for nuisance birds that contaminate the beach and surface water. The foul odor of rotting
algae and algae filled waves the color of pea soup discourage beach use. These conditions now occur
during most of the year.

The deteriorating health of the Ahnapee River watershed and Crescent Beach could have significant
economic and public health consequences. The City of Algoma is doing its part by seeking grant money
to address storm water issues. However, the existence and consequences of elevated
phosphorus levels in our watershed are bigger problems than the City can address.
Such an issue requires the help of state government.

As a member of the newly formed Friends of Crescent Beach, | am working with
other volunteers to improve and promote our beach. As a lakeshore community, |
believe we have a responsibility to do our part to be good stewards of our Lake
Michigan watershed and shoreline.

Finally, concerns over poor water quality, its causes and remedies, are a
controversial and divisive issue in Kewaunee County. A science based explanation of
where pollution originates and what can be done about it followed by swift action to
implement solutions would help to heal divisions.

Please acknowledge the urgent need to clean up the Ahnapee River by granting it
the highest possible status on the 2016 Impaired Waters List.

Cathy Pabich


mailto:pabichc@gmail.com
mailto:DNRImpairedWaters@wisconsin.gov

305 Fremont Street

Algoma WI 54201



From: Dick Swanson

To: DNR Impaired Waters
Subject: AHNAPEE RIVER
Date: Monday, November 16, 2015 7:37:03 PM

| will make this short and to the point.....in JANUARY 2014 a 72 page report was
published on the AHNAPEE RIVER....tests were taken at 20 separate locations
beginning in the summer of 2012....MONITORING POLLUTANTS was the
mission.....this river has gotten worse and worse since then. A private group of
citizens have also been testing this river for over 3 YEARS NOW, and your Dept. has
asked them for help with testing for phosphorus on this river, our test continue and
will for a long time! WHY ....because this river is a very high priority for the citizens
living and playing on it. Algoma is a city with a long history of fishing and recreation
activities, our beach is one in a million....!

Help save our river, we need our DNR Dept. and others to step up and be the leaders
on this very important issue.

Thank you
Dick Swanson.


mailto:rcs3395@yahoo.com
mailto:DNRImpairedWaters@wisconsin.gov

From: Gareth Gridley

To: DNR Impaired Waters
Subject: Ahnapee River Impairment
Date: Thursday, November 19, 2015 1:35:37 PM

I am writing this letter today with great concerns on the status of the Ahnapee River. After reviewing
the great number of rivers, creeks, and lakes affected by high levels of phosphorous, it is very clear as
to what is causing this problem. The indiscriminate use of fertilizer and the spreading of liquid manure
near our creeks and streams is the main problem along with lack of enforcement of regulations of these
materials. It is also oblivious that with the increase of mega dairy farms and their blatant disregard for
the harmful consequences of putting these chemicals near runoff areas is where the cause begins.

I am urging the DNR to raise the level of concern on the Ahnapee river to the highest level possible. My
wife and | watch the Ahnapee river as it flows rapidly into Lake Michigan at Algoma, Wi. It is so
sickening to know that the phosphorous in that water is why the beach in Algoma is closed more than it
is open. The bacteria in the water as well as the horrific stench from the algae makes this beautiful
beach almost uninhabitable by humans or animals. This is a very sad commentary on the plight of this
planet caused by a few people whose desire for profit totally out weighs the health of every citizen.

Respectfully submitted,

November 19th, 2015 by

Gareth GRIDLEY and Donna Gridley
147 N 8th Place

Sturgeon Bay, WI 54235

And

Natural Light Studio

84 N 2nd St

Algoma, WI 54201

Sent from my iPad


mailto:gridster9@icloud.com
mailto:DNRImpairedWaters@wisconsin.gov

From: Gary Krzysiak

To: DNR Impaired Waters
Subject: Ahnapee River
Date: Monday, November 16, 2015 7:57:44 PM

I urge that the clean up of the Ahnapee River watershed be reclassified to the highest priority. As a
resident of Algoma | find the smell of rotting algae overpowering. We no longer go to the beach in
summer. The economy of Algoma is dependent upon recreational fishing and tourism which are both
negatively impacted by the algae growth. We used to catch and eat fish out of this river. We don't
anymore.

Sent from my iPhone


mailto:garykrzysiak@hotmail.com
mailto:DNRImpairedWaters@wisconsin.gov

From: Jacque Jadin

To: DNR Impaired Waters
Subject: Ahnapee River Clean up
Date: Monday, November 23, 2015 11:38:00 AM

I am very concerned that the importance of this river cleanup should be at the top of the DNR's priority
list.

It is one of the area rivers that | paddle on with my family. If the phosphorus levels are that high that it
could affect so many people plants and wildlife and other waterways - why the delay? Let's please get
this cleaned up and use the funding to get it done.

Maybe find the sources of the cause also and potentially fine them as well. |1 know that there are a few
factory farms in that area.

Thank you for stepping up and getting this cleaned up.
Jacque Jadin

Sent from my iPhone


mailto:jacquejadin19@gmail.com
mailto:DNRImpairedWaters@wisconsin.gov

From: Joann Wiesner

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: Ahnapee River

Date: Tuesday, November 24, 2015 7:37:49 AM

It is with great concern that | request the Ahnapee River be added to the Wisconsin DNR's 2016 list of
highest priority to create and implement a plan to reduce phosphorus levels. Improving the River will
also improve the health of Crescent Beach in Algoma. The high phosphorus levels are contributing to
algae growth which impairs fish and wildlife habitats, and interferes with recreational activities. The
negative affects on tourism, properly values, and public health is obvious by just looking at the Lake.
The deteriorating health of the Ahnapee River watershed and Crescent Beach will have significant
economic and public health consequences.

Please consider my concern and the concerns of my friends and family in Algoma.

Sincerely,

Joann Wiesner
2024 Lake Street
Algoma, Wi. 54201

262-689-8966
Joannwiesner@yahoo.com

Sent from my iPad


mailto:joannwiesner@yahoo.com
mailto:DNRImpairedWaters@wisconsin.gov
mailto:Rep.Kitchens@legis.wisconsin.gov

From: Joe & Sandy

To: DNR Impaired Waters
Subject: Ahnapee River
Date: Tuesday, November 24, 2015 3:42:06 PM

| am very concerned that the Ahnapee River needs to be a priority for cleanup under the impaired
water status as we have a large number of users The river has a fairly large group of recreation users
and provides an economic base for campgrounds and the sport fishing business along the banks. A
large part of the problem is the farm factories upstream and the runoff of liquid manure. Are we to
accept pollution from these factories as just normal business, Are the citizens of Wisconsin just second
class and not entitled to a clean environment?. I'm appalled by the lack of concern over water quality
i.e. lakes, streams and rivers and wells. | think we are reaching a tipping point where we need to act or
we face serious long term loss of clean drinking and recreation water.

Joseph R. Weimer Owner

Ahnapee River Trails Campground

E6053 W. Wilson Rd.

Algoma, WI 54201

920-487-5777


mailto:ahnapee@itol.com
mailto:DNRImpairedWaters@wisconsin.gov

From: John Pabich

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: 2016 Wisconsin"s 2016 Draft Impaired Waters List Comment
Date: Wednesday, November 18, 2015 10:45:40 AM

To: Aaron Larson, DNR Water Evaluation Section

Re: Ahnapee River, Impaired Waters List 2016 draft

The Ahnapee River was placed on Wisconsin's Impaired Waters List for excessive phosphorus levels in
2014, but assigned low priority status for development of the required restoration plan. I am writing to
ask that the Wisconsin DNR'’s 2016 list assign the highest priority to creating and implementing a plan
to reduce phosphorus levels in the Ahnapee River.

High phosphorus levels contributes to algae growth that impairs fish and wildlife habitats, interferes with
recreational activities, discourages tourism, affects property values, and impacts public health. According
to the 2014 “Crescent Beach Management & Monitoring Pollutants in the Ahnapee River Watershed”
report, the Ahnapee River also negatively impacts the health of Algoma’s Crescent Beach. Algae mats in
near shore waters and on the beach serve as a reservoir for bacteria, a trap for litter, and an attraction
for nuisance birds that contaminate the beach and surface water. The foul odor of rotting algae and
algae filled waves the color of pea soup discourage beach use. These conditions, once limited to
summer months, now occur during most of the year.

The deteriorating health of the Ahnapee River watershed and Crescent Beach could have significant
economic and public health consequences. The City of Algoma is doing its part by seeking grant money
to address storm water discharge issues. The county has passed an ordinance to limit liquid manure
spreading during recharge periods (January 1 to April 15) to limit potential aquifer contamination and
runoff pollution However, the existence and consequences of elevated phosphorus levels in our watershed are
bigger problems than the City and county can address. Such an issue requires the help of a responsive state
government.

As a member of the newly formed Friends of Crescent Beach, | am working with other volunteers to improve
and promote our beach. As a lake shore community, | believe we have a responsibility to do our part to be
good stewards of our Lake Michigan watershed and shoreline.

Finally, concerns over poor water quality, its causes and remedies, are a controversial and divisive issue in
Kewaunee County. A science-based explanation of where phosphorous pollution originates, and what can be
done about it, followed by swift action to implement solutions would help to heal divisions.

Please acknowledge the urgent need to clean up the Ahnapee River by granting it the highest possible status
on the 2016 Impaired Waters List.

John Pabich
305 Fremont Street

Algoma WI 54201


mailto:pabichjohn@gmail.com
mailto:DNRImpairedWaters@wisconsin.gov
mailto:Rep.Kitchens@legis.wisconsin.gov

From: Sherrill Anderson

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: Anhapee River

Date: Tuesday, November 24, 2015 8:09:28 AM
Attachments: Nov 2015 Ahnapee Letter to DNR kirsch.pdf
DNR Staff,

You will find attached a letter from the Board President, John Kirsch, of the Lakeshore Natural
Resource Partnership regarding the Ahnapee River. If you have any questions, feel free to contact
John at (920) 693-3209.

Thank you for your consideration,

Sherrill Anderson

Regional Outreach Coordinator

Lakeshore Natural Resource Partnership

920-849-7053 (office); 920-412-1920 (cell)

Website: www.LNRP.org; FB: www.Facebook.com/4inrp

Cultivationg Community & Stewandsbip from e Ledge 1o te Lakeskone
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November 24, 2015
Dear DNR Water Regulations Staff,

| am writing a letter requesting the reassignment of the Ahnapee River in
Kewaunee County to the highest priority on your 2016 list of Wisconsin’s
Impaired Waters. This reassignment is needed to create and implement a
plan to reduce increasing phosphorus levels. As President of the Lakeshore
Natural Resource Partnership’s Board of Directors, | am aware of the historical
and ongoing issues leading to Algoma’s deteriorating water quality. We
support the Friends of Crescent Beach, one of our program partners, in their
efforts to clean up the beach and the waters that flow into Lake Michigan.

The Ahnapee was first put on your Impaired Waters List in 2014 but at low
priority status. This river is historically well above Clean Water Act water
quality standards for phosphorus. These high levels contribute to algae
growth which impairs fish and wildlife habitats, recreational enjoyment,
tourism, property values and even public health.

A 2014 report, ‘Crescent Beach Management & Monitoring Pollutants in the
Ahnapee River Watershed,” underscores the river’s negative impacts to
Algoma’s Crescent Beach. Thick mats of algae in near-shore waters and on the
beach become a reservoir for bacteria, litter, and attract nuisance birds which
further contaminate the beach and surface water. Tourists and local citizens
alike are repelled by foul smelling, rotting algae and pea soup-colored water.

The Ahnapee River watershed’s deteriorating health could have significant
economic and public health consequences for the community and Lake
Michigan. While the City of Algoma is seeking funding to address stormwater
issues, DNR must act to address the Ahnapee River.

We appreciate your consideration of our request.
Sincerely,

John M. Kirsch

Board President, Lakeshore Natural Resource Partnership
PO Box 358

Cleveland, W1 53015

(920) 693-3209

Cultivating Community and Stewardship from
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the Ledge to the Lakeshore

November 24, 2015
Dear DNR Water Regulations Staff,

| am writing a letter requesting the reassignment of the Ahnapee River in
Kewaunee County to the highest priority on your 2016 list of Wisconsin’s
Impaired Waters. This reassignment is needed to create and implement a
plan to reduce increasing phosphorus levels. As President of the Lakeshore
Natural Resource Partnership’s Board of Directors, | am aware of the historical
and ongoing issues leading to Algoma’s deteriorating water quality. We
support the Friends of Crescent Beach, one of our program partners, in their
efforts to clean up the beach and the waters that flow into Lake Michigan.

The Ahnapee was first put on your Impaired Waters List in 2014 but at low
priority status. This river is historically well above Clean Water Act water
quality standards for phosphorus. These high levels contribute to algae
growth which impairs fish and wildlife habitats, recreational enjoyment,
tourism, property values and even public health.

A 2014 report, ‘Crescent Beach Management & Monitoring Pollutants in the
Ahnapee River Watershed,” underscores the river’s negative impacts to
Algoma’s Crescent Beach. Thick mats of algae in near-shore waters and on the
beach become a reservoir for bacteria, litter, and attract nuisance birds which
further contaminate the beach and surface water. Tourists and local citizens
alike are repelled by foul smelling, rotting algae and pea soup-colored water.

The Ahnapee River watershed’s deteriorating health could have significant
economic and public health consequences for the community and Lake
Michigan. While the City of Algoma is seeking funding to address stormwater
issues, DNR must act to address the Ahnapee River.

We appreciate your consideration of our request.
Sincerely,

John M. Kirsch

Board President, Lakeshore Natural Resource Partnership
PO Box 358

Cleveland, W1 53015

(920) 693-3209

Cultivating Community and Stewardship from



From: Melissa Dupke

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: Reprioritize Ahnapee River

Date: Wednesday, November 18, 2015 9:53:41 PM

The Ahnapee River was placed on Wisconsin’s Impaired Waters List for excessive
phosphorus levels in 2014, but assigned low priority status for development of the required
restoration plan. Please change this to the highest priority to create and implement a plan to
reduce phosphorus levels in the Ahnapee River.

Why does this matter?

The Ahnapee River does not meet Clean Water Act water quality standards for phosphorus. High
phosphorus levels contribute to algae growth that can impair fish and wildlife habitats, interfere with
recreational activities, discourage tourism, affect property values, and impact public health. According
to the 2014 “Crescent Beach Management & Monitoring Pollutants in the Ahnapee River Watershed”
report the Ahnapee River negatively impacts the health of Algoma’s Crescent Beach. Algae mats in near
shore waters and on the beach serve as a reservoir for bacteria, a trap for litter, and an attraction for
nuisance birds that contaminate the beach and surface water. The foul odor of rotting algae and algae
filled waves the color of pea soup discourage beach use. The deteriorating health of the Ahnapee River
watershed and Crescent Beach could have significant economic and public health consequences. The
City of Algoma is doing its part by seeking grant money to address storm water issues, but the Ahnapee
River requires DNR action.

As a local resident and recreational enthusiast, | value the resource that we have in both the Ahnapee
River and Crescent Beach. | want to see these resources continue to be available for recreation,
contemplation, and wildlife habitat. Please make this change and designate this beautiful river as one of
highest priority so that it can continue to be a local gem that draws recreational enthusiasts and tourists
from all over the state and beyond and stimulates and supports the local economy.

Thank you for your time,

Melissa Dupke

Melissa Dupke

Lead Teacher

Denmark Community School

Middle School Cross Country Coach
School: (920) 863-4153/(920) 863-4154
Cell: (920) 609-8985


mailto:dupkem@denmark.k12.wi.us
mailto:DNRImpairedWaters@wisconsin.gov
mailto:Rep.Kitchens@legis.wisconsin.gov

From: paulakto@gmail.com

To: DNR Impaired Waters
Subject: Ahnapee river
Date: Tuesday, November 17, 2015 10:59:50 AM

Please move the Ahnapee River up to highest priority for restoration. This is an area that is
experiencing very high levels of phosphurus in this river and other streams which then feed into
Lake Michigan. Pristine rivers, streams and lakes attract tourists of all kinds and those tourists
frequent shops, restaurants and hotels in the area so there is an economic reason to make this
restoration a high priority.

But more important than economics is the health of residents in this area. We need to work
diligently to mitigate phosphorus runoff and other chemicals of all kinds and preserve clean water. |
would like to be able to go rock hopping in the river with my grandson when he comes to visit this
summer and be able to take him to Crescent Beach regularly.

Sent from Mail for Windows 10


mailto:paulakto@gmail.com
mailto:DNRImpairedWaters@wisconsin.gov
http://go.microsoft.com/fwlink/?LinkId=550986

From: Steffen, Phillip M.

To: DNR Impaired Waters
Subject: Ahnapee River
Date: Tuesday, November 17, 2015 11:05:06 AM

This is a main source for recreation in the Algoma/Kewaunee county area as well as a breeding
ground for numerous aquatic life, waterfowl and animals. The number of mega farms in this area
has a significant impact on the water quality of this water source. This also is a significant
contributor to the excess levels of phosphorus and animal waste found in Lake Michigan. We need
to ensure that this water way is not allowed to continue to be neglected and abused.

Respectfully,

Phillip M. Steffen
E5898 Fremont Road

Algoma, WI 54201

T a ey e —

This electronic mail message and any files transmitted with it are confidential and intended for the sole use of the individual or entity to
whom they are addressed. Dissemination, forwarding, printing or copying of this electronic mail without the consent of the sender is
strictly prohibited. If you receive this electronic mail in error, please notify the sender by return email.

FhFxxAAAFxxxIAX IMPORTANT CONFIDENTIALITY NOTICE ******kkkxxxkk* This
electronic transmission, along with any information attached may contain
confidential, proprietary, or privileged information, subject to, among other
protections, the Health Insurance Portability & Accountability Act of 1996, codified as
45 C.F.R. Part 160; the Public Health Service Act, codified as 42 C.F.R. Part 2; and
the attorney-client/attorney work-product statutory and common law privileges. If
the reader of this transmission is not the intended recipient, you are hereby notified
that any disclosure, copying, distribution or use of the information contained in or
attached to this email is strictly prohibited. If you have received this email in error,
please immediately notify the sender via return e-mail, then delete the email and
any of its attachments, without reading or saving the email.
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From: Robyn Mulhaney

To: DNR Impaired Waters
Subject: Ahnapee Watershed Update to High Priority Status
Date: Tuesday, November 17, 2015 4:24:29 PM

To Whom It May Concern -

I am in full support of updating the status of the Ahnapee Watershed to High Priority
for phosphorus pollution.

As the owner of a tourism based business and lakefront property owner, this
decision will protect investments | have made in Kewaunee County commercial real
estate and my homes value.

Maintaining a healthy, clean environment for travelers to Kewaunee County is
becoming increasingly more difficult as surface and groundwater pollution increases
in all three of our counties watersheds. As stated below,

"According to the 2014 “Crescent Beach Management & Monitoring Pollutants in the
Ahnapee River Watershed” report the Ahnapee River negatively impacts the health of
Algoma’s Crescent Beach. Algae mats in near shore waters and on the beach serve
as a reservoir for bacteria, a trap for litter, and an attraction for nuisance birds that
contaminate the beach and surface water. The foul odor of rotting algae and algae
filled waves the color of pea soup discourage beach use.

The deteriorating health of the Ahnapee River watershed and Crescent Beach could
have significant economic and public health consequences. The City of Algoma is
doing its part by seeking grant money to address storm water issues, but the
Ahnapee River requires DNR action.” - Friends of Crescent Beach

A multi-faceting economy is necessary for healthy communities. Please support our
efforts in a providing a clean, healthy environment for residents and taxpayers of
Kewaunee County. My own 13 year old business appreciates your consideration.

Robyn Mulhaney
The Flying Pig, LLC
N6975 State Hwy 42
Algoma, WI 54201


mailto:robyn@theflyingpig.biz
mailto:DNRImpairedWaters@wisconsin.gov

From: Ronald Welch

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: Ahnapee River

Date: Tuesday, November 17, 2015 11:35:48 AM

Please put the Ahnapee River on your highest priority list for study to determine sources of the extreme
phosphorus levels that exist and set a plan in action to solve the problem. Algoma is highly affected by
the river and use of our marina and beach are key economic drivers. Accurate information on the
source of the pollutants will help solve our issues and | hope the studies can be done sooner than later
and a solid corrective plan put into place. | am a member of the city Community Development
Committee, Algoma Mainstreet Board Member, Kewaunee County Economic Development Business
Retention Committee, an Algoma Lions Club and Optimists Club member, Children's Promise Board
Member, and concerned citizen. All the entities | am involved with need and want an unpolluted
Ahnapee River. Thanks for your help.

Ron Welch

110A Summit Beach Drive
Algoma, WI 54201
920-304-0294

Sent from my iPad


mailto:RWelch@alghs.k12.wi.us
mailto:DNRImpairedWaters@wisconsin.gov
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From: rubenagriess@aol.com

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: Ahnapee River in Algoma WI

Date: Monday, November 16, 2015 2:36:18 PM
Mr. Larson

My name is Ruben Griess and my wife and | own a home on the Ahnapee River located at 704 N
Water St., Algoma WI. We have lived at this address since March 1980. Over the past 25 years, we
have noticed a continual decline in the quality of the river and its water to include an increase in algae
growth and water discoloration. In addition to the poorer water quality in the river, the entire harbor and
beach is experiencing higher algae levels that wash up on the shore, rot, stink and create a health
hazard, negatively impacting the city, tourism and local economy.

| have recently learned that this decline is likely the result of higher concentrations of phosphorus in the
water. It is my understanding that your organization determines a priority level for clean up and have
assigned a very low priority for the Ahnapee River, harbor and Algoma beach. The water of the
Ahnapee and Lake Michigan is the single most important driver of Algoma's economy. As such, | urge
you and your organization to raise your priority to its highest level and do all you can as quickly as you
can, allocating every resource available to clean up and remove the phosphorus from the Ahnapee
River.

Please respond indicating your plans to clean up the Ahnapee.

Respectfully yours,

Ruben A Griess

704 N Water St

Algoma, WI 54201


mailto:rubengriess@aol.com
mailto:DNRImpairedWaters@wisconsin.gov
mailto:Rep.Kitchens@legis.wisconsin.gov

From: Sue Hass

To: DNR Impaired Waters

Cc: Rep.Kitchens - LEGIS

Subject: WI Impaired Waters - Ahnapee River
Date: Thursday, November 19, 2015 11:41:34 PM

Dear DNR Representatives,

We are homeowners in the Township of Ahnapee, residing just north of
Algoma, Wisconsin. The Ahnapee River empties into Lake Michigan less
than two miles from our property and its 400+ feet of Lake Michigan
shoreline. From our kitchen windows and front yard we have witnessed
the increasingly frequent buildup of algae on our beach, sometimes
with mounds several inches in depth. It is difficult to overlook that
disturbing sight and its stench, not to mention the negative impact

this may have on our health, our property value, the wildlife, and

local tourism.

Blame for this condition can be cast in many directions, but one of

the obvious culprits is the discharge of pollutants from the Ahnapee
River. Anyone can observe the "brown" Ahnapee empting into Algoma's
harbor which, depending on tides and winds, is then dispersed north to
our property or south to Algoma's beautiful Crescent Beach.

Just over ten years ago the Ahnapee River was a clean stream with some
of the best brook and brown trout fishing in all of Wisconsin. Wood
turtles, endangered redside dace, mink, otters, beavers, raccoons,
muskrats, and some rare birds used to live on or near the river. Now

the Ahnapee is a sterile lifeless body of water. The trout and

diverse wildlife are gone, with deer being the only wildlife living

nearby. Instead of a clear clean river, we now see dirty brown water
with huge white froths floating downstream. Shame on us for allowing
this to happen.

We urge you to begin the process of restoring the Ahnapee River to its
former state. Phosphorus levels which contribute to algae growth must
be reduced, with implementation plans being given the DNR's very
highest priority. We respectfully ask that the DNR's 2016 Restoration
List place the Ahnapee River among those impaired waters requiring
immediate cleanup action.

Please help bring back our Ahnapee River!
Sincerely,

Sue and Dan Hass

N8444 County Road S

Algoma, WI 54201
(920) 487-7220
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From: patrick.clark@wellsfargoadvisors.com

To: DNR Impaired Waters
Subject: Beaver Dam lake (located in Dodge Co. WI)
Date: Monday, November 09, 2015 1:53:58 PM

Please find my comments on the above mentioned body of water under the Clean Water Act. This
body of water is listed on the draft list as a lake, when in fact it is just a widening of the Beaver Dam
River. It should be listed as a river, as is it certainly is not a lake. The lake (impoundment or flowage)
is a dammed up 15 mile stretch of the Beaver Dam River. The water quality standard criteria in this
impoundment is impossible to obtain. Historically the riverine system is a river running through a
wetland, which by nature is a nutrient trap. Thus, the body is simply a wetland with too much water
above it. You cannot improve water quality with this condition. Too much taxpayer money has
already been spent on this wetland (trying to create the impossible). With the problems of global
warming the water must be removed and let nature take over growing back the original vegetation
to let this nutrient trap naturally reduce pollutants and have the vegetation collect greenhouse
gases. Under the Clean Water Act, the dam should be opened slowly letting the impoundment
drain, remove the dam at the owners expense and therefore avoiding a environmental justice
lawsuit that the owner is greatly liable for obviously.

Patrick Clark

Associate Vice President - Investments

Wells Fargo Advisors

128 Monroe St, Beaver Dam, WI 53916

patrick.clark@wfadvisors.com

P 920-887-8766 F 920-887-2273

ATTENTION: THIS E-MAIL MAY BE AN ADVERTISEMENT OR SOLICITATION FOR PRODUCTS AND SERVICES.

To unsubscribe from marketing e-mails from:
 An individual Wells Fargo Advisors financial advisor: Reply to one of his/her e-mails and type “Unsubscribe” in the subject line.
» Wells Fargo and its affiliates: Unsubscribe at https://www.wellsfargoadvisors.com/wellsfargo-unsubscribe

Neither of these actions will affect delivery of important service messages regarding your accounts that we may need to send you or
preferences you may have previously set for other e-mail services.

For additional information regarding our electronic communication policies, visit http://wellsfargoadvisors.com/disclosures/email-
disclosure.html.

Wells Fargo Advisors, LLC is a separate nonbank affiliate of Wells Fargo & Company, Member FINRA/SIPC. 1 North Jefferson, St.
Louis, MO 63103.
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From: Jayne Zabrowski

To: DNR Impaired Waters
Subject: Black River-2016 Impaired Water List
Date: Wednesday, November 04, 2015 7:57:53 PM

Dear Mr. Larson,

I have reviewed the draft 2016 Impaired waters list. | note the Black River in Sheboygan County
is an impaired Waterway listed in the Level 2 restoration plan. The Black River is in an area of
the state which receives a poor aquatic ecosystem health score and high vulnerability rating.

The Black River is impaired due to one or more pollutants and associated quality impacts. At
least one macroinvertebrate or fish Index of Biotic Integrity (IBI) scored in the poor condition
category.

Of significance is the fact the Black Rivers flows into Lake Michigan. The Black River forms the
western border of several hundred acres owned by the Kohler Company. The Kohler Company
has proposed a golf course for their property. As this is a very contentious project, | am sure you
are aware of their request for state owned land to be included with their proposed golf course.

| question how the Black River can improve if Kohler Company is allowed to build a golf course
in this rare ecosystem. What testing will be put in place to protect the already failing Black River?

Sincerely,
Jayne Zabrowski
Sheboygan, WI 53081
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From: Randy Lehr

To: DNR Impaired Waters

Cc: Matthew Hudson; Christopher McNerney; Wheeler, Michele C - DNR; Roesler, Craig P - DNR; Larson, Aaron M -
DNR; Hagen, Cherie L - DNR

Subject: Public Comment on Draft 2016 Impaired Waters List

Date: Wednesday, November 25, 2015 2:28:59 PM

Attachments: Impaired Waters Comments (Lehr).pdf

Northland College TP Data for 303d Comment.xlsx
USGS Collection Water Samples.pdf

NC WQ Protocol rev. 1.pdf

SOPS Rev 1.pdf

Dear Mr. Larson,

Attached is a letter of comment on the Draft 2016 Impaired Waters List. Also included for your
review are the raw data referenced throughout the letter, as well as a summary of the field
procedures used for sample collection from stream and lake sites.

Please confirm receipt of this email and let me know if you have any questions.
Thank you for your consideration,
Randy

Randy A. Lehr, Ph.D.

Distinguished Professor of Environmental Science and Management
Co-director, Burke Center for Freshwater Innovation

Northland College

1411 Ellis Ave.

Ashland, WI 54806

715-682-1261
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NORTHLAND
COLLEGE

Mary Griggs Burke Center for Freshwater Innovation

November 24t 2015

Aaron Larson

DNR, Water Evaluation Section (WY/3)

P.O. Box 7921

Madison, WI 53707

Submitted Electronically to: DNRImpairedWaters@wisconsin.gov

Dear Mr. Larson,

| am writing in response to the request for public comment on Wisconsin’s 2016 Draft Impaired Waters
List. In particular, my comments are focused on three waterbodies in Bayfield County, south Fish Creek,
Chequamegon Bay and the Namakagon Chain of Lakes. Data we (and others) have collected over the last
three years suggest that:

1. Total phosphorus (TP) concentrations in south Fish Creek exceed the state water quality criterion
when assessed using the Wisconsin Consolidated Assessment and Listing Methodology
(WisCALM). Thus, this waterbody should be added to the 2016 impaired waters list.

2. TP concentrations in Chequamegon Bay are at, or above, the state criterion for nearshore waters
in Lake Superior. Evaluation of Chequamegon Bay for impairment is highly dependent on the
extent of the data included in the assessment. Specific guidance is necessary for the
interpretation of nutrient data against numeric water quality criteria for the nearshore of Lake
Superior.

3. TP concentrations in Lake Namakagon (currently proposed for inclusion on the 2016 list) do not
exceed the state water quality criterion when assessed using WisCALM. TP concentrations in
Jackson Lake (part of the Namakagon Chain of Lakes) do exceed the state criterion, but are likely
as a result natural processes (e.g., continual wind mixing). Thus, Lake Namakagon should be
removed from the 2016 Impaired Waters List.

South Fish Creek

A range of data exist to describe current water quality conditions in south Fish Creek. Since 2014, our
research group has collected a variety of physical and chemical data from south Fish Creek, and a series
of nearby tributaries throughout the Chequamegon Bay area (Figure 1). At each tributary monitoring site,
continuous discharge data have been collected, as well as sub-surface water grab samples. Sample site
locations were selected to describe general water quality conditions throughout the watershed and to
characterize the total load of phosphorus (and various other chemical constituents) entering
Chequamegon Bay from south Fish Creek (and a variety of adjacent tributaries). Grab samples were
collected approximately every two weeks from snow melt to ice cover and analyzed for TP, soluble
reactive phosphorus (SRP), total suspended solids (TSS), fecal indicator bacteria (E. coli) and biochemical
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oxygen demand (BOD). Biweekly sample collection was also supplemented with storm-event based
sampling. Data from biweekly and storm-event sampling are separated in the attached spreadsheet(s) to
highlight recurring monthly samples that meet the criteria for use in a condition assessment.

All data have been collected using a variety of quality assurance and quality control (QA/QC) procedures.
Discharge and water chemistry data from these sites were collected following standardized United States
Geological Survey (USGS, see attached) protocols and have been analyzed at the WDNR-certified, Applied
Research and Environmental Laboratory (ARELab) at Northland College (Laboratory Identification Number
802057300; Limit of Detection for TP = 1.5 ug/L; Limit of Quantification for TP =5 ug/L). All field samples
were collected with corresponding field blanks and all laboratory data were evaluated against laboratory
blank, replicate and matrix spike samples. All individual sample results were reviewed by three separate
analysts/managers prior to final data validation and submission to the WDNR Surface Water Information
Management System (SWIMS) database. All field and laboratory technicians are initially trained and must
document procedural and/or blind sample proficiency prior to sample collection and/or analysis.
Following initial demonstrations of proficiency, ongoing performance by all technicians is certified
annually.

Data collected to date suggest that TP concentrations in south Fish Creek (and adjacent Bay City Creek)
are significantly higher than other tributaries draining to Chequamegon Bay and that ambient
concentrations are above the state water quality criterion (Figure 2). When the WDNR WisCALM
criteria/protocol for determining impaired water status is applied, data collected between 2014 and 2015
suggest that south Fish Creek (and likely adjacent Bay City Creek) meet the criteria for impaired waters
designation.

Cheguamegon Bay

A range of physical and chemical data also exist to characterize water quality conditions throughout
Chequamegon Bay. Water quality data have been collected from 11 sites throughout Chequamegon Bay
approximately every two weeks since the June of 2014 (Figure 3). Vertical water quality profiles of
temperature, pH, dissolved oxygen and conductivity have been collected at all sites, as well as surface
water composite samples for water chemistry. Composite samples are collected using a two meter tube
methodology following a modification of United States Environmental Protection Agency (USEPA)
protocols for the assessment of lakes (see attached). Water samples from Chequamegon Bay have been
analyzed for the same suite of parameters as tributary sites (see above), but also include chlorophyll-a.
All water quality samples have been analyzed at the ARELab at Northland College. TP data were also
collected by the USEPA throughout Chequamegon Bay in 2008 using 1-liter grab samples and following a
federally approved Quality Assurance Project Plan (QAPP). TP concentration data from biweekly sampling
are described in the attached spreadsheets to highlight recurring monthly samples.

Data from Chequamegon Bay suggest that existing phosphorus concentrations were at, or above, the
state water quality criterion (TP <5 ug/L) in 2014 and 2015 and have been observed to potentially exceed
the water quality criterion in select years (e.g., 2008) by a significant margin (Figure 4). However,
evaluation of Chequamegon Bay for impairment is highly dependent on the extent of the data included in
the assessment. (Table 1). If all data from all 11 sites, collected on a monthly basis by Northland College
between June and August are averaged, the resulting TP concentration is 5.7 ug/L. If two “open lake”
sites (CB 10 and CB 11) are excluded from the analysis, the average TP concentration increases to 6.5
ug/L. If only sites inside the breakwall are considered in the analysis, the average TP concentration
increases to 9.3 ug/L. When data from USEPA from 2008 are included in the analysis, the average TP
concentration observed across these areas approximately doubles.





Lake Namakagon

A variety of data exist to describe water quality conditions in lakes throughout the Namakagon Chain of
Lakes. TP data from Lake Namakagon (WBIC 2732600), Garden Lake (WBIC 2735500) and Jackson Lake
(WBIC 2734200) have been collected by different groups over the past 15 years. These data suggest that
the annual growing season (June —August) TP concentrations in Lake Namakagon (20 ug/L) and Garden
Lake (24 ug/L) are below the corresponding water quality criterion of 30 ug/L for a stratified drainage
lake, and thus should not be listed as impaired waterbodies. The annual growing season average TP
concentration for Jackson Lake is 51 ug/L, which is over the 40 ug/L criterion for un-stratified drainage
lakes. However, this elevated TP concentration is likely a result of continual wind mixing of the water
column (see Figure 6) and not of a specific pollutant source (particularly given the limited development
throughout the watershed). All data presented below for the Namakagon Chain of Lakes were access
from the WDNR Surface Water Viewer/SWIMS database in August of 2015.

Summary and Attachments

As this letter highlights, there are a range of data that can be included in an impaired waters assessment
for south Fish Creek, Chequamegon Bay and the Namakagon Chain of Lakes. Attached for your review
are the raw data used to generate the referenced tables and figures and our associated field Standard
Operating Procedures (laboratory procedures are assessed as part of the recurring certification process
with the WDNR). The data spreadsheet is organized into four “tabs”. The first tab includes all raw TP
data referenced throughout this letter. The second tab includes all data collected from 2014 and 2015
from south Fish Creek. The third tab contains the subset of data that characterize the results from
monthly monitoring for TP throughout the south Fish Creek watershed in 2014 and 2015. The fourth tab
contains the TP results that reflect monthly monitoring on Chequamegon Bay from 2014 and 2015. All
data referenced throughout are also available through the SWIMS database. Should your review of the
existing data require any clarification of my comments, please contact me directly.

Thank you for your consideration.

Sincerely,

Randy Lehr, Ph.D.
Distinguished Professor of Environmental Science and Management
Co-director Burke Center for Freshwater Innovation
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Figure 1. Tributry monitoring sites (blue dots) located throughout the Fish Creek watershed. Fish Creek watershed is outlined in

yellow. South Fish Creek sub-basin is highlighted in red. Site acronyms are clarified in the attached spreadsheet and specific
locations are identified in the SWIMS database.
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Figure 2. Phosphorus concentrations measured in south Fish Creek as compared to adjacent Chequamegon Bay tributaries and the state water quality criterion (median of 75 ug/L)
in 2014 and 2015. “x” represents 2014 and “e” represents 2015.
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Figure 3. Routine water quality monitoring sites throughout the Chequamegon Bay and Apostle Islands. Maximum extent of
Chequamegon Bay defined by yellow dotted line. Inner Bay (behind break wall) identified by red dotted line.





Surface Water Phosphorus Concentrations
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Figure 4. Surface water phosphorus concentrations collected from a range of sites located throughout the Chequamegon Bay as compared to the state water quality criterion.
Data from 2008 were collected by the USEPA. Data from 2014-2015 were collected by Northland College. Red bars represent daily average from all 11 sites. Red dotted line
represents total phosphorus water quality criterion of 5 ug/L.





Table 1. Total phosphorus concentrations (ug/L) from all Chequamegon Bay sites as sampled by Northland College and the United States Environmental Protection Agency
(USEPA). Individual sample concentrations are reported as averages across all 11 sites (“All Sites”), at 8 sites that represent the “Bay” (outer extent defined by the Long Island sand
spit) and three sites that represent the “Inner Bay” (defined by the Ashland Break wall).

Sites Averaged from
Site Name Total June-August
Date CB1 CB4 CB6 CB7 CB11 |Average
(USEPA 1) (cB2|CB3|(USEPA 2)|cB5| (USEPA 3) | (USEPA 4) (CB8|CB9|CB10 |(USEPA5) All Sites | Bay |Inner Bay

4/30/2008 51.1 - - 41.0 - 78.3 9.3 - - - 7.0 37.3 176 | 19.6 43.6
5/15/2008 29.6 - - 20.4 - 15.7 11.0 - - - 10.4 17.4 176 | 19.6 43.6
5/28/2008 24.1 - - 17.3 - 71 5.8 - - - 7.3 12.3 176 | 19.6 43.6
6/9/2008 56.6 - - 8.5 - 11.1 5.8 - - - 6.2 17.6 17.6 19.6 43.6
6/24/2008 30.5 - - 15.8 - 15.1 13.5 - - - 13.1 17.6 17.6 19.6 43.6
6/23/2014 27.5 34.4| 3.2 27.1 5.0 nd 6.5 nd | 9.2 | nd 1.3 10.4 6.1 7.0 11.0
7/8/2014 7.0 6.0 | 1.0 nd nd 7.0 4.0 12.0| 5.0 | 6.0 1.0 4.5 6.1 7.0 11.0
8/14/2014 12.0 40| 4.0 3.0 4.0 3.0 2.0 20| 10| nd 2.0 3.4 6.1 7.0 11.0
9/26/2014 13.7 17.9 13.7 11.0 6.2 9.7 3.6 93|52]| 39 4.7 9.0 6.1 7.0 11.0
4/17/2015 2.0 30| 20 2.0 2.0 nd 2.0 17.0| 1.0 | 7.0 nd 3.5 5.3 5.9 7.5
4/28/2015 5.0 6.0 | 7.0 3.0 4.0 2.0 2.0 30|30 20 1.0 3.5 5.3 5.9 7.5
5/14/2015 12.0 12.0( 13.0 4.0 4.0 5.0 6.0 6.0 | 60| 50 4.0 7.0 5.3 5.9 7.5
6/1/2015 13.3 11.8| 9.2 4.8 5.3 3.7 5.1 31134 29 2.9 6.0 5.3 5.9 7.5
6/10/2015 9.6 13.8| 9.9 4.5 5.6 10.4 4.8 57| 47| 28 nd 6.5 5.3 5.9 7.5
6/23/2015 14.0 11.0| 5.0 8.0 5.0 10.0 3.0 12.0| 3.0 | 1.0 2.0 6.7 5.3 5.9 7.5
7/8/2015 3.0 3.0 20 3.0 2.0 5.0 6.0 50| 30| 20 2.0 3.3 5.3 5.9 7.5
7/27/2015 2.0 50| 2.0 3.0 2.0 3.0 3.0 6.0 | 40| 20 3.0 3.2 5.3 5.9 7.5
8/4/2015 3.0 6.0 | 5.0 5.0 7.0 5.0 2.0 70| 30| 30 nd 4.2 5.3 5.9 7.5
8/17/2015 nd - nd - nd - nd - - nd nd nd 5.3 5.9 7.5
9/9/2015 7.0 50 | 6.0 5.0 2.0 4.0 5.0 50| 40| 3.0 - 4.6 5.3 5.9 7.5
9/26/2015 14.0 15.0] 13.0 9.0 6.0 10.0 4.0 9.0 90| 40 5.0 8.9 5.3 5.9 7.5
10/6/2015 10.0 11.0{ 9.0 7.0 5.0 7.0 4.0 6.0 80| 3.0 4.0 6.7 53 5.9 7.5
Cumulative Averages Without 2008 Data from USEPA 5.7 6.5 9.3

Cumulative Averages With 2008 Data from USEPA 9.6 |10.9| 20.7
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Figure 5. Annual average phosphorus concentrations as compared to the state water quality criterion for Lake Namakagon (a), Jackson Lake (b) and
Garden Lake (c), in Bayfield County, WI.





Lake Namakagon Jackson Lake Garden Lake

Figure 6. Thermal stratification patterns in Lake Namakagon, Jackson Lake and Garden Lake, in Bayfield County, WI, in 2013. Dark red indicates the highest temperature. Profile data were consistent
between 2013 and 2014 and suggest that both Garden Lake and Lake Namakagon stratify each year, while Jackson Lake does not.






All Bay Area TP Data

		Client Sample ID		Site Name / Description		Sample Date / Time		Depth (m)		Sample Collector		Sample Type		Strata		Reported Result (mg/L)		Unit		LOD		LOQ

		BCBR		Bono Creek at FR703		04/30/2014 02:45:00 PM		0.1		Elizabeth Alexson		Grab				0.345		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		07/15/2014 11:20:00 AM		0.1		Devon Brock-Montgomery 		Grab				0.075		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		08/12/2014 11:56:00 AM		0.1		SARAH SZYMANIAK		Grab				ND		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		09/10/2014 04:30:00 PM		0.1		MATT HUDSON		Grab				0.337		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		10/15/2014 12:40:00 PM		0.1		MATT HUDSON		Grab				0.081		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		11/06/2014 02:35:00 PM		0.1		KIM OLDENBURG		Grab				0.048		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		03/30/2015 02:10:00 PM		0.1		Matt Hudson		Grab				0.143		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		04/21/2015 02:00:00 PM		0.1		Nile Merton		Grab				0.145		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		05/18/2015 11:55:00 AM		0.1		Matt Hudson		Grab				0.194		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		06/16/2015 01:15:00 PM		0.1		Marisa Ulman		Grab				0.143		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		07/14/2015 12:40:00 PM		0.1		MCH		Grab				0.068		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		07/30/2015 01:00:00 PM		0.1		MCH		Grab				0.067		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		08/07/2015 02:15:00 PM		0.1		KO		Grab				0.062		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		08/11/2015 11:00:00 AM		0.1		MCH		Grab				0.044		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		08/19/2015 12:25:00 PM		0.1		NM		Grab				0.170		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		08/25/2015 02:45:00 PM		0.1		MCH		Grab				0.044		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		09/08/2015 11:05:00 AM		0.1		NM		Grab				0.051		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		09/22/2015 12:40:00 PM		0.1		KO		Grab				0.061		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		10/06/2015 11:45:00 AM		0.1		KO		Grab				0.044		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		10/20/2015 03:10:00 PM		0.1		MH		Grab				0.048		MG/L		0.0015		0.005

		BCBR		Bono Creek at FR703		11/03/2015 09:50:00 AM		0.1		KO		Grab				0.078		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		04/08/2014 10:26:00 AM		0.1		Elizabeth Alexson		Grab				0.129		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		04/10/2014 12:40:00 PM		0.1		Elizabeth Alexson		Grab				0.248		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		04/21/2014 07:10:00 PM		0.1		Matt Hudson		Grab				0.560		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		05/07/2014 10:40:00 AM		0.1		Andrew Weir		Grab				0.068		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		05/09/2014 10:30:00 AM		0.1		Andrew Weir		Grab				0.273		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		05/19/2014 02:34:00 PM		0.1		Scott Hartle		Grab				0.072		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		05/20/2014 02:33:00 PM		0.1		Scott Hartle		Grab				0.224		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		06/04/2014 04:08:00 PM		0.1		Kim Oldenburg		Grab				0.078		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		06/16/2014 04:30:00 PM		0.1		Matt Hudson		Grab				0.127		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		07/01/2014 08:39:00 AM		0.1		Nile Merton		Grab				0.102		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		07/16/2014 09:53:00 AM		0.1		Sarah Szymaniak		Grab				0.134		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		07/28/2014 02:45:00 PM		0.1		MEGAN MCPEAK		Grab				0.118		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		08/14/2014 03:58:00 PM		0.1		SARAH SZYMANIAK		Grab				0.123		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		08/25/2014 09:55:00 AM		0.1		MATT HUDSON		Grab				0.357		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		09/11/2014 09:01:00 AM		0.1		NILE MERTON		Grab				0.156		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		09/29/2014 02:05:00 PM		0.1		KIM OLDENBURG		Grab				0.220		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		10/14/2014 11:55:00 AM		0.1		MATT HUDSON		Grab				0.165		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		11/06/2014 04:00:00 PM		0.1		KIM OLDENBURG		Grab				0.067		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		12/09/2014 10:45:00 AM		0.1		JORDAN WELNETZ		Grab				0.052		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		12/15/2014 01:10:00 PM		0.1		ANDREW WEIR		Grab				0.156		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		01/22/2015 10:45:00 AM		0.1		KIM OLDENBURG		Grab				0.048		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		03/17/2015 03:00:00 PM		0.1		Nile Merton		Grab				0.126		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		03/30/2015 04:45:00 PM		0.1		Matt Hudson		Grab				0.056		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		04/20/2015 04:50:00 PM		0.1		Matt Hudson		Grab				0.219		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		05/04/2015 12:30:00 PM		0.1		Matt Hudson		Grab				0.064		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		05/18/2015 11:30:00 AM		0.1		Jordan Welnetz		Grab				0.063		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		06/02/2015 04:45:00 PM		0.1		Marrisa Ulman		Grab				0.061		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		06/04/2015 09:15:00 AM		0.1		Anthony Soukey		Grab				0.252		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		06/16/2015 04:15:00 PM		0.1		Marisa Ulman		Grab				0.122		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		06/30/2015 03:15:00 PM		0.1		Matt Hudson		Grab				0.154		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		07/14/2015 01:15:00 PM		0.1		MCH		Grab				0.123		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		07/28/2015 09:33:00 AM		0.1		MCH		Grab				0.214		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		08/11/2015 09:30:00 AM		0.1		MCH		Grab				0.086		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		08/19/2015 09:05:00 AM		0.1		NM		Grab				0.127		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		08/25/2015 03:45:00 PM		0.1		MCH		Grab				0.096		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		09/08/2015 03:20:00 PM		0.1		NM		Grab				0.113		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		09/22/2015 01:45:00 PM		0.1		MCH		Grab				0.181		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		10/06/2015 12:30:00 PM		0.1		KO		Grab				0.168		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		10/20/2015 04:40:00 PM		0.1		MH		Grab				0.321		MG/L		0.0015		0.005

		BCC		Bay City Creek at HWY 13		11/03/2015 12:15:00 PM		0.1		KO		Grab				0.083		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/11/2014 04:45:00 PM		1.0		Joe Fitzgerald		Grab		Epilimnion		0.028		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2014 05:40:00 PM		4.0		Joe Fitzgerald		Grab		Hypolimnion		0.002		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2014 05:40:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		08/14/2014 07:29:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		08/14/2014 07:29:00 PM		5.0		JOE FITZGERALD		Grab		Hypolimnion		0.012		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		09/26/2014 01:45:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.014		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		09/26/2014 01:50:00 PM		5.0		ANDREW WEIR		Grab		Hypolimnion		0.020		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		04/17/2015 02:20:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		04/28/2015 04:15:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		05/14/2015 06:00:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/01/2015 05:25:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.013		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/10/2015 08:45:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/10/2015 08:55:00 AM		5		Parker Matzinger		Grab		Hypolimnion		0.013		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/23/2015 01:40:00 PM		2		Marissa Ulman		Composite		Epilimnion		0.014		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/23/2015 01:50:00 PM		4.5		Marissa Ulman		Grab		Hypolimnion		0.021		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2015 05:00:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2015 05:00:00 PM		5		Joe Fitzgerald		Grab		Hypolimnion		0.012		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/28/2015 10:00:00 AM		2		NM		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/28/2015 10:10:00 AM		5		NM		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		08/04/2015 09:15:00 AM		2		MH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		08/17/2015 11:15:00 AM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		10/06/2015 03:15:00 PM		0.1		MH		Grab		Epilimnion		0.010		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/23/2014 12:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/08/2014 11:12:00 AM		20.0		Joe Fitzgerald		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/08/2014 11:12:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/14/2014 12:19:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/14/2014 12:19:00 PM		21.0		Joe Fitzgerald		Grab		Hypolimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		09/26/2014 10:30:00 AM		2.0		ANDREW WEIR		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		09/26/2014 10:40:00 AM		20.0		ANDREW WEIR		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		04/16/2015 12:10:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.008		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		04/28/2015 12:00:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/01/2015 11:30:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/01/2015 11:30:00 AM		21		Joe Fitzgerald		Grab		Hypolimnion		0.018		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/10/2015 11:30:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/10/2015 12:00:00 PM		20		Parker Matzinger		Grab		Hypolimnion		0.011		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/23/2015 10:10:00 AM		2		Marissa Ulman		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/23/2015 10:30:00 AM		21		Marissa Ulman		Grab		Hypolimnion		0.006		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/08/2015 11:15:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/08/2015 11:25:00 AM		21		Joe Fitzgerald		Grab		Hypolimnion		0.008		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/27/2015 01:15:00 PM		2		MCH		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/27/2015 01:25:00 PM		21		MCH		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/04/2015 12:30:00 PM		2		MH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/04/2015 12:30:00 PM		20.5		MH		Grab		Hypolimnion		0.006		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/17/2015 01:45:00 PM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		10/06/2015 01:00:00 PM		0.1		MH		Grab		Epilimnion		0.003		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/23/2014 11:44:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/08/2014 10:04:00 AM		24.0		Joe Fitzgerald		Grab		Hypolimnion		0.023		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/08/2014 10:04:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/14/2014 11:15:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/14/2014 11:15:00 AM		21.0		Joe Fitzgerald		Grab		Hypolimnion		0.002		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		09/26/2014 09:45:00 AM		2.0		ANDREW WEIR		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		09/26/2014 09:55:00 AM		20.0		ANDREW WEIR		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		04/16/2015 10:45:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		04/28/2015 11:10:00 AM		2		Jordan Welnetz		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/01/2015 01:10:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/01/2015 01:40:00 PM		23		Joe Fitzgerald		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/10/2015 12:45:00 PM		2		Parker Matzinger		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/10/2015 01:25:00 PM		28		Parker Matzinger		Grab		Hypolimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/23/2015 09:33:00 AM		2		Marissa Ulman		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/23/2015 09:55:00 AM		30		Marissa Ulman		Grab		Hypolimnion		0.003		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/08/2015 10:25:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/08/2015 10:30:00 AM		25		Joe Fitzgerald		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/27/2015 02:00:00 PM		2		MCH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/04/2015 01:20:00 PM		2		MH		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/04/2015 01:25:00 PM		30		MH		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/17/2015 02:35:00 PM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		10/06/2015 12:00:00 PM		0.1		MH		Grab		Epilimnion		0.004		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/11/2014 05:30:00 PM		1.0		Joe Fitzgerald		Grab		Epilimnion		0.034		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/08/2014 06:20:00 PM		6.0		Joe Fitzgerald		Grab		Hypolimnion		0.010		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/08/2014 06:20:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		08/14/2014 08:08:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		08/14/2014 08:08:00 PM		8.0		JOE FITZGERALD		Grab		Hypolimnion		0.010		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		09/26/2014 02:05:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.018		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		09/26/2014 02:05:00 PM		6.0		ANDREW WEIR		Grab		Hypolimnion		0.015		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		04/17/2015 03:00:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		04/28/2015 03:35:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		05/14/2015 05:30:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/02/2015 11:00:00 AM		2		Nile Merton		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/02/2015 11:15:00 AM		5.5		Nile Merton		Grab		Hypolimnion		0.013		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/10/2015 03:25:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.014		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/23/2015 02:05:00 PM		2		Marissa Ulman		Composite		Epilimnion		0.011		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/23/2015 02:13:00 PM		7		Marissa Ulman		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/08/2015 03:45:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/08/2015 03:50:00 PM		5		Joe Fitzgerald		Grab		Hypolimnion		0.007		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/28/2015 08:30:00 AM		2		NM		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/28/2015 08:40:00 AM		5		NM		Grab		Hypolimnion		0.006		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		08/04/2015 05:30:00 PM		2		MH		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		08/04/2015 05:31:00 PM		5.5		MH		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		10/06/2015 09:15:00 AM		0.1		MH		Grab		Epilimnion		0.011		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/23/2014 05:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.013		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/08/2014 05:01:00 PM		7.0		Joe Fitzgerald		Grab		Hypolimnion		ND		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/08/2014 05:01:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/14/2014 06:41:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/14/2014 06:41:00 PM		7.0		JOE FITZGERALD		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		09/26/2014 01:30:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.014		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		09/26/2014 01:35:00 PM		8.0		ANDREW WEIR		Grab		Hypolimnion		0.013		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		04/17/2015 01:30:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		04/28/2015 04:00:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		05/14/2015 05:00:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.013		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/02/2015 09:55:00 AM		2		Nile Merton		Composite		Epilimnion		0.009		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/02/2015 10:15:00 AM		7		Nile Merton		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/10/2015 09:30:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/10/2015 09:35:00 AM		7		Parker Matzinger		Grab		Hypolimnion		0.008		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/23/2015 01:18:00 PM		2		Marissa Ulman		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/23/2015 01:30:00 PM		8		Marissa Ulman		Grab		Hypolimnion		0.006		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/08/2015 04:30:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/08/2015 04:30:00 PM		7.5		Joe Fitzgerald		Grab		Hypolimnion		0.007		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/28/2015 09:30:00 AM		2		NM		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/28/2015 09:40:00 AM		8		NM		Grab		Hypolimnion		0.003		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/04/2015 10:00:00 AM		2		MH		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/04/2015 10:00:00 AM		7.6		MH		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/17/2015 11:45:00 AM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		10/06/2015 02:45:00 PM		0.1		MH		Grab		Epilimnion		0.009		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/23/2014 03:30:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.011		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/08/2014 03:16:00 PM		6.0		Joe Fitzgerald		Grab		Hypolimnion		ND		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/08/2014 03:16:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		08/14/2014 04:50:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		08/14/2014 04:50:00 PM		6.0		JOE FITZGERALD		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		09/26/2014 12:40:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.011		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		09/26/2014 12:45:00 PM		5.5		ANDREW WEIR		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		04/16/2015 04:00:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		04/28/2015 03:15:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/02/2015 10:35:00 AM		2		Nile Merton		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/02/2015 10:45:00 AM		5.5		Nile Merton		Grab		Hypolimnion		0.006		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/10/2015 03:00:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/10/2015 03:05:00 PM		6		Parker Matzinger		Grab		Hypolimnion		0.006		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/23/2015 12:30:00 PM		2		Marissa Ulman		Composite		Epilimnion		0.008		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/08/2015 03:25:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/08/2015 03:25:00 PM		6		Joe Fitzgerald		Grab		Hypolimnion		0.003		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/28/2015 09:00:00 AM		2		NM		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/28/2015 09:05:00 AM		6		NM		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		08/04/2015 04:45:00 PM		2		MH		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		08/04/2015 04:55:00 PM		6		MH		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		10/06/2015 10:00:00 AM		0.1		MH		Grab		Epilimnion		0.007		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/23/2014 04:13:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/08/2014 04:16:00 PM		11.0		Joe Fitzgerald		Grab		Hypolimnion		ND		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/08/2014 04:16:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/14/2014 05:52:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/14/2014 05:52:00 PM		10.0		JOE FITZGERALD		Grab		Hypolimnion		0.008		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		09/26/2014 01:05:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		09/26/2014 01:10:00 PM		11.0		ANDREW WEIR		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		04/16/2015 04:57:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		04/28/2015 02:45:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		05/14/2015 04:40:00 PM		13		Jordan Welnetz		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/01/2015 04:35:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/10/2015 10:00:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/10/2015 10:15:00 AM		12		Parker Matzinger		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/23/2015 12:50:00 PM		2		Marissa Ulman		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/23/2015 01:05:00 PM		13		Marissa Ulman		Grab		Hypolimnion		0.010		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/08/2015 02:50:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/08/2015 02:50:00 PM		12		Joe Fitzgerald		Grab		Hypolimnion		0.007		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/27/2015 11:45:00 AM		2		MCH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/27/2015 12:00:00 PM		12		MCH		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/04/2015 10:50:00 AM		2		MH		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/04/2015 10:55:00 AM		12.5		MH		Grab		Hypolimnion		0.004		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/17/2015 12:20:00 PM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		10/06/2015 02:15:00 PM		0.1		MH		Grab		Epilimnion		0.005		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		06/23/2014 03:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.011		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		07/08/2014 02:22:00 PM		2.0		Joe Fitzgerald		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		07/08/2014 02:22:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		08/14/2014 04:18:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		09/26/2014 12:20:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		09/26/2014 12:25:00 PM		2.5		ANDREW WEIR		Grab		Hypolimnion		0.011		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		04/16/2015 03:18:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		04/28/2015 01:40:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		06/01/2015 03:15:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		06/10/2015 02:30:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		06/23/2015 11:12:00 AM		2		Marissa Ulman		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		07/08/2015 02:00:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		07/27/2015 03:50:00 PM		2		MCH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		08/04/2015 04:05:00 PM		2		MH		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		10/06/2015 10:20:00 AM		0.1		MH		Grab		Epilimnion		0.007		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/23/2014 01:40:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/08/2014 12:47:00 PM		14.0		Joe Fitzgerald		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/08/2014 12:47:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/14/2014 02:20:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/14/2014 02:20:00 PM		11.0		Joe Fitzgerald		Grab		Hypolimnion		0.013		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		09/26/2014 11:30:00 AM		2.0		ANDREW WEIR		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		09/26/2014 11:35:00 AM		12.0		ANDREW WEIR		Grab		Hypolimnion		0.018		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		04/16/2015 01:50:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		04/28/2015 02:00:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/01/2015 03:45:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/01/2015 04:10:00 PM		19		Joe Fitzgerald		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/10/2015 10:45:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/10/2015 11:15:00 AM		20		Parker Matzinger		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/23/2015 10:50:00 AM		2		Marissa Ulman		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/23/2015 11:05:00 AM		20		Marissa Ulman		Grab		Hypolimnion		0.007		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/08/2015 12:05:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/08/2015 12:05:00 PM		21		Joe Fitzgerald		Grab		Hypolimnion		0.007		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/27/2015 12:25:00 PM		2		MCH		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/27/2015 12:45:00 PM		19		MCH		Grab		Hypolimnion		0.010		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/04/2015 11:40:00 AM		2		MH		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/04/2015 11:40:00 AM		19.5		MH		Grab		Hypolimnion		0.009		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/17/2015 12:50:00 PM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		10/06/2015 01:30:00 PM		0.1		MH		Grab		Epilimnion		0.004		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/23/2014 02:18:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		07/08/2014 01:33:00 PM		2.0		Joe Fitzgerald		Grab		Hypolimnion		0.007		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		07/08/2014 01:33:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		08/14/2014 03:25:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		09/26/2014 12:00:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.009		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		09/26/2014 12:05:00 PM		2.5		ANDREW WEIR		Grab		Hypolimnion		0.010		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		04/16/2015 02:40:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.017		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		04/28/2015 01:15:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/01/2015 02:45:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/10/2015 02:10:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/10/2015 02:15:00 PM		3		Parker Matzinger		Grab		Hypolimnion		0.012		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/23/2015 11:55:00 AM		2		Marissa Ulman		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		07/08/2015 01:30:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		07/27/2015 03:30:00 PM		2		MCH		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		08/04/2015 03:20:00 PM		2		MH		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		10/06/2015 10:45:00 AM		0.1		MH		Grab		Epilimnion		0.006		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/23/2014 01:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/08/2014 11:55:00 AM		4.0		Joe Fitzgerald		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/08/2014 11:55:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		08/14/2014 01:25:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		08/14/2014 01:25:00 PM		4.0		Joe Fitzgerald		Grab		Hypolimnion		0.002		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		09/26/2014 11:05:00 AM		2.0		ANDREW WEIR		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		09/26/2014 11:10:00 AM		5.0		ANDREW WEIR		Grab		Hypolimnion		0.005		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		04/16/2015 01:10:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		04/28/2015 12:45:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/01/2015 02:15:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/01/2015 02:27:00 PM		4		Joe Fitzgerald		Grab		Hypolimnion		0.008		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/10/2015 01:45:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/10/2015 01:55:00 PM		4		Parker Matzinger		Grab		Hypolimnion		ND		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/23/2015 11:25:00 AM		2		Marissa Ulman		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/23/2015 11:40:00 AM		4		Marissa Ulman		Grab		Hypolimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/08/2015 12:50:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/08/2015 01:00:00 PM		4.5		Joe Fitzgerald		Grab		Hypolimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/27/2015 03:00:00 PM		2		MCH		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		08/04/2015 02:35:00 PM		2		MH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		10/06/2015 11:10:00 AM		0.1		MH		Grab		Epilimnion		0.008		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		04/22/2014 11:20:00 AM		0.1		Elizabeth Alexson		Grab				0.228		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		05/30/2014 12:15:00 PM		0.1		Annie Daw		Grab				0.032		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		06/16/2014 11:35:00 AM		0.1		Matt Hudson		Grab				0.052		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		07/14/2014 12:11:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.035		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		08/12/2014 10:23:00 AM		0.1		SARAH SZYMANIAK		Grab				ND		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		10/15/2014 10:10:00 AM		0.1		MATT HUDSON		Grab				0.025		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		01/29/2015 01:30:00 PM		0.1		KIM OLDENBURG		Grab				0.030		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		03/30/2015 02:50:00 PM		0.1		Matt Hudson		Grab				0.040		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		04/21/2015 02:40:00 PM		0.1		Nile Merton		Grab				0.704		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		05/18/2015 12:40:00 PM		0.1		Matt Hudson		Grab				0.045		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		06/16/2015 02:15:00 PM		0.1		Marisa Ulman		Grab				0.027		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		07/28/2015 04:00:00 PM		0.1		KO		Grab				0.030		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		08/25/2015 12:15:00 PM		0.1		MCH		Grab				0.027		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		09/22/2015 11:50:00 AM		0.1		KO		Grab				0.027		MG/L		0.0015		0.005

		LTLS		Little Soux near Friendly Valley Rd		10/20/2015 03:50:00 PM		0.1		MH		Grab				0.023		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		04/21/2014 12:05:00 PM		0.1		Elizabeth Alexson		Grab				0.115		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		07/15/2014 02:51:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.065		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		08/12/2014 01:30:00 PM		0.1		SARAH SZYMANIAK		Grab				ND		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		09/11/2014 12:45:00 PM		0.1		MATTHUDSON		Grab				0.109		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		10/15/2014 02:10:00 PM		0.1		MATT HUDSON		Grab				0.050		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		03/06/2015 10:30:00 AM		0.1		Matt Hudson		Grab				0.035		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		03/30/2015 12:45:00 PM		0.1		Matt Hudson		Grab				0.064		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		04/21/2015 10:50:00 AM		0.1		Nile Merton		Grab				0.088		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		05/18/2015 10:20:00 AM		0.1		Matt Hudson		Grab				0.087		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		06/16/2015 10:45:00 AM		0.1		Marisa Ulman		Grab				0.057		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		07/28/2015 01:15:00 PM		0.1		MCH		Grab				0.047		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		08/25/2015 03:15:00 PM		0.1		MCH		Grab				0.081		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		09/22/2015 10:20:00 AM		0.1		KO		Grab				0.035		MG/L		0.0015		0.005

		NF2I		North Fish at US 2 near Ino		10/20/2015 01:20:00 PM		0.1		MH		Grab				0.023		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/08/2014 12:11:00 PM		0.1		Scott AG Hartle		Grab				0.105		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/15/2014 10:05:00 AM		0.1		Megan McPeak		Grab				0.064		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/22/2014 10:45:00 AM		0.1		Megan McPeak		Grab				0.038		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/29/2014 10:33:00 AM		0.1		SAM WINTERS		Grab				0.060		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/05/2014 10:25:00 AM		0.1		Megan McPeak		Grab				0.055		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/12/2014 10:30:00 AM		0.1		Scott Hartle		Grab				0.060		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/19/2014 10:20:00 AM		0.1		MEGAN MCPEAK		Grab				0.042		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/25/2014 11:46:00 AM		0.1		DESI NIEWINSKI		Grab				1.203		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		09/02/2014 10:15:00 AM		0.1		ANDREW WEIR		Grab				0.249		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		05/12/2015 10:45:00 AM		0.1		Megan McPeak		Grab				0.092		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		05/19/2015 10:45:00 AM		0.1		Megan McPeak		Grab				0.088		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/02/2015 12:15:00 PM		0.1		Anthony Soukey		Grab				0.045		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/03/2015 02:55:00 PM		0.1		Ellen Gorsky		Grab				0.060		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/04/2015 10:34:00 AM		0.1		Chris McNerney		Grab				0.058		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/05/2015 11:35:00 AM		0.1		Anthony Soukey		Grab				0.145		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/09/2015 11:35:00 AM		0.1		Anthony Soukey		Grab				0.065		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/16/2015 10:50:00 AM		0.1		Ellen Gorsky		Grab				0.077		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/23/2015 11:05:00 AM		0.1		AS		Grab				0.062		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		06/30/2015 11:20:00 AM		0.1		Ellen Gorsky		Grab				0.072		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/07/2015 11:05:00 AM		0.1		Anthony Soukey		Grab				0.130		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/15/2015 10:50:00 AM		0.1		Ellen Gorsky		Grab				0.131		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/20/2015 11:55:00 AM		0.1		AS		Grab				0.076		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		07/28/2015 12:02:00 PM		0.1		EG		Grab				0.064		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/04/2015 11:08:00 AM		0.1		AS		Grab				0.045		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/11/2015 11:20:00 AM		0.1		EG		Grab				0.054		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/18/2015 12:00:00 PM		0.1		AS		Grab				0.071		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/19/2015 04:00:00 PM		0.1		AS		Grab				0.120		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/20/2015 12:20:00 PM		0.1		AS		Grab				0.250		MG/L		0.0015		0.005

		NFCM		North Fish Creek Long Bridge		08/25/2015 11:30:00 AM		0.1		EG		Grab				0.125		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/08/2014 12:53:00 PM		0.1		Scott AG Hartle		Grab				0.053		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/15/2014 10:30:00 AM		0.1		Megan McPeak		Grab				0.028		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/22/2014 11:15:00 AM		0.1		Megan McPeak		Grab				0.036		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/29/2014 11:05:00 AM		0.1		SAM WINTERS		Grab				0.029		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/05/2014 10:50:00 AM		0.1		Megan McPeak		Grab				0.029		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/12/2014 10:55:00 AM		0.1		Scott Hartle		Grab				0.027		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/19/2014 10:42:00 AM		0.1		MEGAN MCPEAK		Grab				0.030		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		09/02/2014 10:40:00 AM		0.1		ANDREW WEIR		Grab				0.202		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		12/15/2014 12:10:00 PM		0.1		ANDREW WEIR		Grab				0.127		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		05/12/2015 11:15:00 AM		0.1		Megan McPeak		Grab				0.064		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		05/19/2015 11:20:00 AM		0.1		Megan McPeak		Grab				0.035		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/02/2015 11:40:00 AM		0.1		Anthony Soukey		Grab				0.026		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/03/2015 02:35:00 PM		0.1		Ellen Gorsky		Grab				0.023		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/04/2015 10:30:00 AM		0.1		Anthony Soukey		Grab				0.508		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/05/2015 11:10:00 AM		0.1		Anthony Soukey		Grab				0.097		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/09/2015 11:05:00 AM		0.1		Anthony Soukey		Grab				0.044		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/16/2015 10:25:00 AM		0.1		Ellen Gorsky		Grab				0.038		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/23/2015 10:35:00 AM		0.1		AS		Grab				0.036		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		06/30/2015 10:50:00 AM		0.1		Ellen Gorsky		Grab				0.038		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/07/2015 10:35:00 AM		0.1		Anthony Soukey		Grab				0.071		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/15/2015 10:20:00 AM		0.1		Ellen Gorsky		Grab				0.045		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/20/2015 11:25:00 AM		0.1		AS		Grab				0.031		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		07/28/2015 11:30:00 AM		0.1		EG		Grab				0.032		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/04/2015 10:35:00 AM		0.1		AS		Grab				0.026		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/11/2015 10:55:00 AM		0.1		EG		Grab				0.027		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/18/2015 11:25:00 AM		0.1		AS		Grab				0.028		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/19/2015 03:25:00 PM		0.1		AS		Grab				0.997		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/20/2015 11:45:00 AM		0.1		AS		Grab				0.205		MG/L		0.0015		0.005

		NFH2		North Fish Creek and US 2 at USGS station		08/25/2015 11:05:00 AM		0.1		EG		Grab				0.046		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		05/30/2014 03:50:00 PM		0.1		Annie Daw		Grab				0.020		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/04/2014 01:00:00 PM		0.1		Sarah Szymaniak		Grab				0.028		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/16/2014 02:42:00 PM		0.1		Matt Hudson		Grab				0.098		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/30/2014 01:49:00 PM		0.1		Sarah Szymaniak		Grab				0.024		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/08/2014 01:20:00 PM		0.1		Scott AG Hartle		Grab				0.043		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/14/2014 04:08:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.027		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/15/2014 10:50:00 AM		0.1		Megan McPeak		Grab				0.025		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/22/2014 11:35:00 AM		0.1		Megan McPeak		Grab				0.047		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/28/2014 12:30:00 PM		0.1		MEGAN MCPEAK		Grab				0.018		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/29/2014 11:30:00 AM		0.1		SAM WINTERS		Grab				0.019		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/05/2014 11:10:00 AM		0.1		Megan McPeak		Grab				0.021		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/11/2014 02:23:00 PM		0.1		NILE MERTON		Grab				0.025		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/12/2014 11:15:00 AM		0.1		Scott Hartle		Grab				0.017		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/19/2014 11:00:00 AM		0.1		MEGAN MCPEAK		Grab				0.018		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/25/2014 12:31:00 PM		0.1		DESI NIEWINSKI		Grab				0.210		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/25/2014 01:30:00 PM		0.1		KIM OLDENBURG		Grab				0.358		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		09/02/2014 11:05:00 AM		0.1		ANDREW WEIR		Grab				0.079		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		09/10/2014 12:00:00 PM		0.1		MATT HUDSON		Grab				0.538		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		09/29/2014 12:50:00 PM		0.1		KIM OLDENBURG		Grab				0.019		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		10/14/2014 02:15:00 PM		0.1		MATT HUDSON		Grab				0.023		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		11/06/2014 03:30:00 PM		0.1		KIM OLDENBURG		Grab				0.015		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		12/09/2014 03:00:00 PM		0.1		MATT HUDSON		Grab				0.021		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		03/06/2015 12:30:00 PM		0.1		Matt Hudson		Grab				0.017		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		03/17/2015 02:15:00 PM		0.1		Nile Merton		Grab				0.103		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		03/30/2015 01:25:00 PM		0.1		Matt Hudson		Grab				0.027		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		04/20/2015 01:40:00 PM		0.1		Matt Hudson		Grab				0.173		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		05/04/2015 10:45:00 AM		0.1		Matt Hudson		Grab				0.026		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		05/12/2015 11:35:00 AM		0.1		Megan McPeak		Grab				0.068		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		05/18/2015 11:15:00 AM		0.1		Matt Hudson		Grab				0.038		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		05/19/2015 11:40:00 AM		0.1		Megan McPeak		Grab				0.035		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/02/2015 11:15:00 AM		0.1		Anthony Soukey		Grab				0.022		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/03/2015 02:15:00 PM		0.1		Ellen Gorsky		Grab				0.021		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/04/2015 10:49:00 AM		0.1		Chris McNerney		Grab				0.291		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/05/2015 10:50:00 AM		0.1		Anthony Soukey		Grab				0.080		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/09/2015 10:40:00 AM		0.1		Anthony Soukey		Grab				0.035		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/16/2015 10:05:00 AM		0.1		Ellen Gorsky		Grab				0.022		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/23/2015 10:10:00 AM		0.1		AS		Grab				0.021		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		06/30/2015 10:33:00 AM		0.1		Ellen Gorsky		Grab				0.037		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/07/2015 10:10:00 AM		0.1		Anthony Soukey		Grab				0.074		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/15/2015 10:05:00 AM		0.1		Ellen Gorsky		Grab				0.031		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/20/2015 11:05:00 AM		0.1		AS		Grab				0.025		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		07/28/2015 11:07:00 AM		0.1		EG		Grab				0.021		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/04/2015 10:10:00 AM		0.1		AS		Grab				0.018		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/11/2015 10:30:00 AM		0.1		EG		Grab				0.018		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/18/2015 11:00:00 AM		0.1		AS		Grab				0.017		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/19/2015 02:55:00 PM		0.1		AS		Grab				1.254		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/20/2015 11:25:00 AM		0.1		AS		Grab				0.156		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		08/25/2015 10:40:00 AM		0.1		EG		Grab				0.034		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		09/08/2015 01:10:00 PM		0.1		NM		Grab				0.023		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		09/22/2015 11:00:00 AM		0.1		KO		Grab				0.022		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		10/06/2015 10:20:00 AM		0.1		KO		Grab				0.015		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		10/20/2015 02:00:00 PM		0.1		MH		Grab				0.018		MG/L		0.0015		0.005

		NFO2		North Fish at Old US 2		11/03/2015 10:35:00 AM		0.1		KO		Grab				0.030		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		04/30/2014 02:25:00 PM		0.1		Elizabeth Alexson		Grab				0.550		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		07/15/2014 03:40:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.069		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		08/12/2014 02:15:00 PM		0.1		SARAH SZYMANIAK		Grab				ND		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		09/11/2014 02:15:00 PM		0.1		MATTHUDSON		Grab				0.096		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		10/15/2014 02:45:00 PM		0.1		MATT HUDSON		Grab				0.089		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		03/30/2015 01:00:00 PM		0.1		Matt Hudson		Grab				0.095		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		04/21/2015 12:20:00 PM		0.1		Nile Merton		Grab				0.067		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		05/18/2015 10:30:00 AM		0.1		Matt Hudson		Grab				0.050		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		06/16/2015 11:25:00 AM		0.1		Marisa Ulman		Grab				0.034		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		07/28/2015 01:45:00 PM		0.1		KO		Grab				0.044		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		08/07/2015 11:00:00 AM		0.1		KO		Grab				0.089		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		08/11/2015 12:00:00 PM		0.1		MCH		Grab				0.036		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		08/19/2015 02:20:00 PM		0.1		NM		Grab				0.286		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		08/25/2015 03:20:00 PM		0.1		MCH		Grab				0.080		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		09/08/2015 12:45:00 PM		0.1		NM		Grab				0.035		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		09/22/2015 10:40:00 AM		0.1		KO		Grab				0.059		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		10/06/2015 10:10:00 AM		0.1		KO		Grab				0.033		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		10/20/2015 01:30:00 PM		0.1		MH		Grab				0.108		MG/L		0.0015		0.005

		NFT2		Unamed Tributary to North Fish Creek at US 2		11/03/2015 11:00:00 AM		0.1		KO		Grab				0.110		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		04/21/2014 03:00:00 PM		0.1		Elizabeth Alexson		Grab				1.417		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		04/22/2014 01:05:00 PM		0.1		Elizabeth Alexson		Grab				0.193		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		04/23/2014 01:20:00 PM		0.1		Elizabeth Alexson		Grab				0.101		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		05/30/2014 02:35:00 PM		0.1		Annie Daw		Grab				0.023		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/16/2014 01:50:00 PM		0.1		Matt Hudson		Grab				0.061		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/08/2014 01:30:00 PM		0.1		Scott AG Hartle		Grab				0.042		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/14/2014 03:35:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.023		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/15/2014 11:00:00 AM		0.1		Megan McPeak		Grab				0.024		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/22/2014 11:45:00 AM		0.1		Megan McPeak		Grab				0.057		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/29/2014 11:42:00 AM		0.1		SAM WINTERS		Grab				0.024		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/05/2014 11:30:00 AM		0.1		Megan McPeak		Grab				0.022		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/12/2014 11:22:00 AM		0.1		Scott Hartle		Grab				0.024		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/19/2014 11:10:00 AM		0.1		MEGAN MCPEAK		Grab				0.030		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/25/2014 12:22:00 PM		0.1		DESI NIEWINSKI		Grab				0.321		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		09/02/2014 10:55:00 AM		0.1		ANDREW WEIR		Grab				0.105		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		09/11/2014 03:20:00 PM		0.1		MATTHUDSON		Grab				0.087		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		10/15/2014 03:55:00 PM		0.1		MATT HUDSON		Grab				0.017		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		01/29/2015 02:36:00 PM		0.1		KIM OLDENBURG		Grab				0.026		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		03/06/2015 12:15:00 PM		0.1		Matt Hudson		Grab				0.021		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		03/30/2015 01:30:00 PM		0.1		Matt Hudson		Grab				0.032		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		04/20/2015 01:45:00 PM		0.1		Matt Hudson		Grab				0.283		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		05/12/2015 11:45:00 AM		0.1		Megan McPeak		Grab				0.050		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		05/18/2015 11:20:00 AM		0.1		Matt Hudson		Grab				0.038		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		05/19/2015 11:50:00 AM		0.1		Megan McPeak		Grab				0.027		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/02/2015 11:00:00 AM		0.1		Anthony Soukey		Grab				0.022		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/03/2015 02:10:00 PM		0.1		Ellen Gorsky		Grab				0.021		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/04/2015 10:58:00 AM		0.1		Chris McNerney		Grab				0.298		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/05/2015 10:45:00 AM		0.1		Anthony Soukey		Grab				0.053		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/09/2015 10:35:00 AM		0.1		Anthony Soukey		Grab				0.027		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/16/2015 10:00:00 AM		0.1		Ellen Gorsky		Grab				0.024		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/23/2015 10:05:00 AM		0.1		AS		Grab				0.027		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		06/30/2015 10:25:00 AM		0.1		Ellen Gorsky		Grab				0.030		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/07/2015 10:05:00 AM		0.1		Anthony Soukey		Grab				0.037		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/15/2015 09:55:00 AM		0.1		Ellen Gorsky		Grab				0.034		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/20/2015 10:55:00 AM		0.1		AS		Grab				0.028		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/28/2015 11:00:00 AM		0.1		EG		Grab				0.029		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		07/29/2015 12:35:00 PM		0.1		MU		Grab				0.029		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/04/2015 10:05:00 AM		0.1		AS		Grab				0.028		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/11/2015 10:25:00 AM		0.1		EG		Grab				0.024		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/18/2015 10:52:00 AM		0.1		AS		Grab				0.024		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/19/2015 02:47:00 PM		0.1		AS		Grab				0.976		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/20/2015 11:15:00 AM		0.1		AS		Grab				0.060		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		08/25/2015 10:35:00 AM		0.1		EG		Grab				0.028		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		09/22/2015 11:10:00 AM		0.1		KO		Grab				0.018		MG/L		0.0015		0.005

		PCO2		Pine Creek at Old US 2		10/20/2015 02:00:00 PM		0.1		MH		Grab				0.015		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/08/2014 02:11:00 PM		0.1		Scott AG Hartle		Grab				0.114		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/15/2014 11:35:00 AM		0.1		Megan McPeak		Grab				0.128		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/22/2014 12:55:00 PM		0.1		Megan McPeak		Grab				0.138		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/29/2014 12:20:00 PM		0.1		SAM WINTERS		Grab				0.090		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/05/2014 12:00:00 PM		0.1		Megan McPeak		Grab				0.080		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/12/2014 11:55:00 AM		0.1		Scott Hartle		Grab				0.178		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/19/2014 11:40:00 AM		0.1		MEGAN MCPEAK		Grab				0.092		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/25/2014 01:06:00 PM		0.1		DESI NIEWINSKI		Grab				1.504		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/02/2014 11:35:00 AM		0.1		ANDREW WEIR		Grab				0.353		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		12/15/2014 12:35:00 PM		0.1		ANDREW WEIR		Grab				0.434		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		04/20/2015 01:00:00 PM		0.1		Matt Hudson		Grab				0.350		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/04/2015 10:00:00 AM		0.1		Matt Hudson		Grab				0.078		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/11/2015 09:45:00 AM		0.1		Megan McPeak		Grab				0.119		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/12/2015 12:50:00 PM		0.1		Megan McPeak		Grab				0.203		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/18/2015 10:05:00 AM		0.1		Jordan Welnetz		Grab				0.368		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/19/2015 01:00:00 PM		0.1		Megan McPeak		Grab				0.210		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/02/2015 09:42:00 AM		0.1		Anthony Soukey		Grab				0.117		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/03/2015 01:25:00 PM		0.1		Ellen Gorsky		Grab				0.102		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/04/2015 10:45:00 AM		0.1		Anthony Soukey		Grab				0.228		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/05/2015 10:00:00 AM		0.1		Anthony Soukey		Grab				0.268		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/09/2015 09:45:00 AM		0.1		Anthony Soukey		Grab				0.176		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/16/2015 08:55:00 AM		0.1		Ellen Gorsky		Grab				0.110		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/23/2015 09:10:00 AM		0.1		AS		Grab				0.130		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/30/2015 10:05:00 AM		0.1		Ellen Gorsky		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/07/2015 09:15:00 AM		0.1		Anthony Soukey		Grab				0.319		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/15/2015 09:00:00 AM		0.1		Ellen Gorsky		Grab				0.275		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/20/2015 10:05:00 AM		0.1		AS		Grab				0.167		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/28/2015 09:30:00 AM		0.1		EG		Grab				0.155		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/04/2015 09:15:00 AM		0.1		AS		Grab				0.123		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/07/2015 10:00:00 AM		0.1		EG		Grab				0.140		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/11/2015 09:30:00 AM		0.1		EG		Grab				0.113		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/18/2015 09:40:00 AM		0.1		AS		Grab				0.122		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/19/2015 12:50:00 PM		0.1		AS		Grab				0.147		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/20/2015 10:20:00 AM		0.1		AS		Grab				0.606		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/25/2015 09:45:00 AM		0.1		EG		Grab				0.182		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/08/2015 02:40:00 PM		0.1		NM		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/22/2015 09:00:00 AM		0.1		KO		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/06/2015 09:00:00 AM		0.1		KO		Grab				0.075		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/20/2015 11:45:00 AM		0.1		MH		Grab				0.069		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/28/2015 11:30:00 AM		0.1		MH		Grab				0.088		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		11/03/2015 11:50:00 AM		0.1		KO		Grab				0.060		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/08/2014 11:50:00 AM		0.1		Scott AG Hartle		Grab				0.035		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/15/2014 09:54:00 AM		0.1		Megan McPeak		Grab				0.082		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/22/2014 10:31:00 AM		0.1		Megan McPeak		Grab				0.040		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/29/2014 10:22:00 AM		0.1		SAM WINTERS		Grab				0.064		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/05/2014 10:14:00 AM		0.1		Megan McPeak		Grab				0.048		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/12/2014 10:17:00 AM		0.1		Scott Hartle		Grab				0.077		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/19/2014 10:12:00 AM		0.1		MEGAN MCPEAK		Grab				0.049		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/25/2014 11:38:00 AM		0.1		DESI NIEWINSKI		Grab				0.483		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		09/02/2014 10:03:00 AM		0.1		ANDREW WEIR		Grab				0.343		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		05/12/2015 10:22:00 AM		0.1		Megan McPeak		Grab				0.079		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		05/19/2015 10:35:00 AM		0.1		Megan McPeak		Grab				0.062		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/02/2015 12:30:00 PM		0.1		Anthony Soukey		Grab				0.024		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/03/2015 03:00:00 PM		0.1		Ellen Gorsky		Grab				0.042		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/04/2015 10:24:00 AM		0.1		Chris McNerney		Grab				0.025		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/05/2015 11:45:00 AM		0.1		Anthony Soukey		Grab				0.043		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/09/2015 11:45:00 AM		0.1		Anthony Soukey		Grab				0.048		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/16/2015 11:00:00 AM		0.1		Ellen Gorsky		Grab				0.060		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/23/2015 11:15:00 AM		0.1		AS		Grab				0.015		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		06/30/2015 11:30:00 AM		0.1		Ellen Gorsky		Grab				0.068		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/07/2015 11:15:00 AM		0.1		Anthony Soukey		Grab				0.074		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/15/2015 10:55:00 AM		0.1		Ellen Gorsky		Grab				0.059		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/20/2015 12:10:00 PM		0.1		AS		Grab				0.036		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		07/28/2015 12:06:00 PM		0.1		EG		Grab				0.031		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/04/2015 11:15:00 AM		0.1		AS		Grab				0.029		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/11/2015 11:35:00 AM		0.1		EG		Grab				0.047		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/18/2015 12:15:00 PM		0.1		AS		Grab				0.033		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/19/2015 04:15:00 PM		0.1		AS		Grab				0.051		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/20/2015 12:30:00 PM		0.1		AS		Grab				0.106		MG/L		0.0015		0.005

		SFCM		Fish Creek Short Bridge		08/25/2015 11:40:00 AM		0.1		EG		Grab				0.042		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		04/10/2014 11:15:00 AM		0.1		Elizabeth Alexson		Grab				0.504		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		04/21/2014 03:35:00 PM		0.1		Elizabeth Alexson		Grab				0.879		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/09/2014 03:35:00 PM		0.1		Andrew Weir		Grab				0.721		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/04/2014 02:27:00 PM		0.1		Sarah Szymaniak		Grab				0.140		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/16/2014 04:00:00 PM		0.1		Matt Hudson		Grab				0.302		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/30/2014 03:21:00 PM		0.1		Sarah Szymaniak		Grab				0.178		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/08/2014 01:52:00 PM		0.1		Scott AG Hartle		Grab				0.110		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2014 11:17:00 AM		0.1		Megan McPeak		Grab				0.119		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2014 01:09:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.109		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/22/2014 12:35:00 PM		0.1		Megan McPeak		Grab				0.112		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/28/2014 01:50:00 PM		0.1		MEGAN MCPEAK		Grab				0.079		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/29/2014 12:02:00 PM		0.1		SAM WINTERS		Grab				0.088		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/05/2014 11:50:00 AM		0.1		Megan McPeak		Grab				0.065		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/11/2014 03:51:00 PM		0.1		NILE MERTON		Grab				0.069		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/12/2014 11:35:00 AM		0.1		Scott Hartle		Grab				0.072		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/19/2014 11:25:00 AM		0.1		MEGAN MCPEAK		Grab				0.063		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/25/2014 12:49:00 PM		0.1		DESI NIEWINSKI		Grab				1.032		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/25/2014 02:05:00 PM		0.1		KIM OLDENBURG		Grab				0.932		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/02/2014 11:20:00 AM		0.1		ANDREW WEIR		Grab				0.311		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/10/2014 12:50:00 PM		0.1		MATT HUDSON		Grab				0.859		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/29/2014 01:15:00 PM		0.1		KIM OLDENBURG		Grab				0.092		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/14/2014 02:00:00 PM		0.1		MATT HUDSON		Grab				0.109		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		11/06/2014 03:10:00 PM		0.1		KIM OLDENBURG		Grab				0.069		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		12/09/2014 04:15:00 PM		0.1		MATT HUDSON		Grab				0.090		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		01/22/2015 01:00:00 PM		0.1		KIM OLDENBURG		Grab				0.065		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		03/05/2015 02:00:00 PM		0.1		Matt Hudson		Grab				0.048		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		03/17/2015 02:30:00 PM		0.1		Nile Merton		Grab				0.231		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		03/30/2015 12:15:00 PM		0.1		Matt Hudson		Grab				0.122		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		04/20/2015 11:45:00 AM		0.1		Matt Hudson		Grab				0.215		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/04/2015 09:10:00 AM		0.1		Matt Hudson		Grab				0.071		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/11/2015 09:20:00 AM		0.1		Megan McPeak		Grab				0.078		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/12/2015 12:30:00 PM		0.1		Megan McPeak		Grab				0.140		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/18/2015 10:25:00 AM		0.1		Jordan Welnetz		Grab				0.236		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/19/2015 12:25:00 PM		0.1		Megan McPeak		Grab				0.143		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/02/2015 10:32:00 AM		0.1		Anthony Soukey		Grab				0.102		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/03/2015 01:50:00 PM		0.1		Ellen Gorsky		Grab				0.098		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/04/2015 02:30:00 PM		0.1		Marisa Ulman		Grab				0.290		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/05/2015 10:35:00 AM		0.1		Anthony Soukey		Grab				0.220		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/16/2015 09:40:00 AM		0.1		Ellen Gorsky		Grab				0.111		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/23/2015 09:45:00 AM		0.1		AS		Grab				0.121		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/30/2015 09:40:00 AM		0.1		Ellen Gorsky		Grab				0.126		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/07/2015 09:50:00 AM		0.1		Anthony Soukey		Grab				0.292		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2015 09:35:00 AM		0.1		Ellen Gorsky		Grab				0.229		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/20/2015 10:40:00 AM		0.1		AS		Grab				0.163		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/28/2015 10:45:00 AM		0.1		EG		Grab				0.155		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/04/2015 09:48:00 AM		0.1		AS		Grab				0.120		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/07/2015 10:32:00 AM		0.1		EG		Grab				0.119		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/11/2015 10:05:00 AM		0.1		EG		Grab				0.107		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/18/2015 10:35:00 AM		0.1		AS		Grab				0.110		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/19/2015 01:35:00 PM		0.1		AS		Grab				0.493		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/20/2015 10:59:00 AM		0.1		AS		Grab				0.349		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/25/2015 10:15:00 AM		0.1		EG		Grab				0.157		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/08/2015 11:55:00 AM		0.1		NM		Grab				0.136		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/22/2015 09:30:00 AM		0.1		KO		Grab				0.102		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/06/2015 09:25:00 AM		0.1		KO		Grab				0.072		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/20/2015 12:45:00 PM		0.1		MH		Grab				0.055		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/28/2015 12:00:00 PM		0.1		MH		Grab				0.052		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		11/03/2015 11:30:00 AM		0.1		KO		Grab				0.127		MG/L		0.0015		0.005

		SFCR 		South Fish Creek at Colby Rd.		06/09/2015 10:20:00 AM		0.1		Anthony Soukey		Grab				0.124		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		04/20/2015 12:30:00 PM		0.1		Matt Hudson		Grab				0.273		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/04/2015 09:40:00 AM		0.1		Matt Hudson		Grab				0.109		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/11/2015 09:30:00 AM		0.1		Megan McPeak		Grab				0.173		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/18/2015 10:35:00 AM		0.1		Jordan Welnetz		Grab				0.501		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/02/2015 10:15:00 AM		0.1		Anthony Soukey		Grab				0.224		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/03/2015 01:45:00 PM		0.1		Ellen Gorsky		Grab				0.127		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/04/2015 12:55:00 PM		0.1		Marisa Ulman		Grab				0.497		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/05/2015 10:20:00 AM		0.1		Anthony Soukey		Grab				0.232		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/09/2015 10:05:00 AM		0.1		Anthony Soukey		Grab				0.169		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/16/2015 09:20:00 AM		0.1		Ellen Gorsky		Grab				0.160		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/23/2015 09:30:00 AM		0.1		AS		Grab				0.150		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/30/2015 09:15:00 AM		0.1		Ellen Gorsky		Grab				0.167		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/07/2015 09:40:00 AM		0.1		Anthony Soukey		Grab				0.377		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/15/2015 09:15:00 AM		0.1		Ellen Gorsky		Grab				0.311		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/20/2015 10:25:00 AM		0.1		AS		Grab				0.256		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/28/2015 10:05:00 AM		0.1		EG		Grab				0.321		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/04/2015 09:35:00 AM		0.1		AS		Grab				0.201		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/07/2015 10:15:00 AM		0.1		EG		Grab				0.408		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/11/2015 09:50:00 AM		0.1		EG		Grab				0.150		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/18/2015 10:15:00 AM		0.1		AS		Grab				0.267		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/19/2015 01:25:00 PM		0.1		AS		Grab				0.551		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/20/2015 10:45:00 AM		0.1		AS		Grab				0.524		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/25/2015 10:05:00 AM		0.1		EG		Grab				0.171		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		09/08/2015 12:10:00 PM		0.1		NM		Grab				0.226		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		09/22/2015 09:50:00 AM		0.1		KO		Grab				0.116		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/06/2015 09:40:00 AM		0.1		KO		Grab				0.082		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/20/2015 12:10:00 PM		0.1		MH		Grab				0.092		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/28/2015 12:15:00 PM		0.1		MH		Grab				0.143		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		11/03/2015 11:20:00 AM		0.1		KO		Grab				0.133		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		04/10/2014 09:35:00 AM		0.1		Elizabeth Alexson		Grab				0.294		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		04/21/2014 06:00:00 PM		0.1		Matt Hudson		Grab				1.091		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		05/09/2014 01:55:00 PM		0.1		Andrew Weir		Grab				0.440		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		05/30/2014 10:50:00 AM		0.1		Annie Daw		Grab				0.032		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/04/2014 10:30:00 AM		0.1		Sarah Szymaniak		Grab				0.066		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/16/2014 10:25:00 AM		0.1		Matt Hudson		Grab				0.147		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/30/2014 11:13:00 AM		0.1		 Sarah Szymaniak		Grab				0.075		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		07/14/2014 01:51:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.034		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		07/28/2014 10:33:00 AM		0.1		MEGAN MCPEAK		Grab				0.032		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		08/11/2014 10:46:00 AM		0.1		NILE MERTON		Grab				0.031		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		08/25/2014 11:45:00 AM		0.1		KIM OLDENBURG		Grab				0.638		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		09/10/2014 11:30:00 AM		0.1		MATT HUDSON		Grab				0.563		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		09/29/2014 12:05:00 PM		0.1		KIM OLDENBURG		Grab				0.031		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		10/14/2014 10:20:00 AM		0.1		MATT HUDSON		Grab				0.033		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		11/06/2014 01:45:00 PM		0.1		KIM OLDENBURG		Grab				0.028		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		12/09/2014 12:45:00 PM		0.1		MATT HUDSON		Grab				0.037		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		12/15/2014 11:25:00 AM		0.1		ANDREW WEIR		Grab				0.158		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		01/22/2015 02:55:00 PM		0.1		KIM OLDENBURG		Grab				0.040		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		03/05/2015 12:15:00 PM		0.1		Matt Hudson		Grab				0.039		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		03/12/2015 01:55:00 PM		0.1		Kim Oldenburg		Grab				0.109		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		03/17/2015 01:40:00 PM		0.1		Nile Merton		Grab				0.106		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		03/30/2015 02:40:00 PM		0.1		Matt Hudson		Grab				0.058		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		04/20/2015 03:45:00 PM		0.1		Matt Hudson		Grab				0.258		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		05/04/2015 11:20:00 AM		0.1		Matt Hudson		Grab				0.033		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		05/18/2015 12:15:00 PM		0.1		Matt Hudson		Grab				0.084		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/02/2015 02:00:00 PM		0.1		Marrisa Ulman		Grab				0.035		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/04/2015 11:00:00 AM		0.1		Nile Merton		Grab				1.165		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/04/2015 04:10:00 PM		0.1		Nile Merton		Grab				0.432		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/16/2015 01:50:00 PM		0.1		Marisa Ulman		Grab				0.032		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		06/30/2015 01:00:00 PM		0.1		Matt Hudson		Grab				0.043		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		07/14/2015 10:40:00 AM		0.1		MCH		Grab				0.039		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		07/29/2015 10:50:00 AM		0.1		MU		Grab				0.036		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		08/11/2015 10:15:00 AM		0.1		MCH		Grab				0.032		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		08/19/2015 11:55:00 AM		0.1		NM		Grab				0.263		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		08/25/2015 02:00:00 PM		0.1		MCH		Grab				0.043		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		09/08/2015 09:40:00 AM		0.1		NM		Grab				0.033		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		09/22/2015 12:10:00 PM		0.1		KO		Grab				0.032		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		10/06/2015 11:05:00 AM		0.1		KO		Grab				0.028		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		10/20/2015 03:40:00 PM		0.1		MH		Grab				0.029		MG/L		0.0015		0.005

		SXBR		Sioux River at Big Rock Rd.		11/03/2015 09:15:00 AM		0.1		KO		Grab				0.036		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		04/10/2014 10:40:00 AM		0.1		Elizabeth Alexson		Grab				0.218		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		04/30/2014 12:40:00 PM		0.1		Elizabeth Alexson		Grab				0.295		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		06/04/2014 11:45:00 AM		0.1		Sarah Szymaniak		Grab				0.055		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		06/16/2014 12:10:00 PM		0.1		Matt Hudson		Grab				0.119		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		06/30/2014 12:28:00 PM		0.1		Sarah Szymaniak		Grab				0.060		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		07/15/2014 10:07:00 AM		0.1		Devon Brock-Montgomery 		Grab				0.050		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		07/28/2014 11:41:00 AM		0.1		MEGAN MCPEAK		Grab				0.053		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		08/11/2014 12:08:00 PM		0.1		NILE MERTON		Grab				0.051		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		08/25/2014 12:45:00 PM		0.1		KIM OLDENBURG		Grab				0.323		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		09/10/2014 03:25:00 PM		0.1		MATT HUDSON		Grab				0.365		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		09/29/2014 11:45:00 AM		0.1		KIM OLDENBURG		Grab				0.052		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		10/15/2014 11:30:00 AM		0.1		MATT HUDSON		Grab				0.052		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		11/06/2014 02:10:00 PM		0.1		KIM OLDENBURG		Grab				0.042		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		12/15/2014 10:55:00 AM		0.1		ANDREW WEIR		Grab				0.226		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		01/29/2015 12:20:00 PM		0.1		KIM OLDENBURG		Grab				0.047		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		03/17/2015 01:20:00 PM		0.1		Nile Merton		Grab				0.107		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		03/30/2015 02:25:00 PM		0.1		Matt Hudson		Grab				0.063		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		04/20/2015 04:00:00 PM		0.1		Matt Hudson		Grab				0.234		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		05/04/2015 11:11:00 AM		0.1		Matt Hudson		Grab				0.045		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		05/18/2015 12:00:00 PM		0.1		Matt Hudson		Grab				0.162		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		06/02/2015 03:20:00 PM		0.1		Marrisa Ulman		Grab				0.048		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		06/16/2015 01:35:00 PM		0.1		Marisa Ulman		Grab				0.051		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		06/30/2015 02:30:00 PM		0.1		Matt Hudson		Grab				0.052		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		07/14/2015 11:05:00 AM		0.1		MCH		Grab				0.060		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		07/29/2015 11:55:00 AM		0.1		MU		Grab				0.058		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		08/11/2015 10:40:00 AM		0.1		MCH		Grab				0.048		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		08/19/2015 12:15:00 PM		0.1		NM		Grab				0.126		MG/L		0.0015		0.005

		TCBS		Thompsons Creek at W Bigelow St		08/25/2015 02:30:00 PM		0.1		MCH		Grab				0.054		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/04/2014 12:30:00 PM		0.1		Sarah Szymaniak		Grab				0.030		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/16/2014 12:25:00 PM		0.1		Matt Hudson		Grab				0.053		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/30/2014 01:18:00 PM		0.1		Sarah Szymaniak		Grab				0.036		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/08/2014 12:26:00 PM		0.1		Scott AG Hartle		Grab				0.053		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/15/2014 10:15:00 AM		0.1		Megan McPeak		Grab				0.030		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/15/2014 11:47:00 AM		0.1		Devon Brock-Montgomery 		Grab				0.028		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/22/2014 10:56:00 AM		0.1		Megan McPeak		Grab				0.028		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/28/2014 12:05:00 PM		0.1		MEGAN MCPEAK		Grab				0.027		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/29/2014 10:46:00 AM		0.1		SAM WINTERS		Grab				0.027		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/05/2014 10:33:00 AM		0.1		Megan McPeak		Grab				0.025		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/11/2014 12:40:00 PM		0.1		NILE MERTON		Grab				0.033		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/12/2014 10:42:00 AM		0.1		Scott Hartle		Grab				0.046		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/19/2014 10:30:00 AM		0.1		MEGAN MCPEAK		Grab				0.079		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/25/2014 11:59:00 AM		0.1		DESI NIEWINSKI		Grab				0.301		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/25/2014 01:10:00 PM		0.1		KIM OLDENBURG		Grab				0.251		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		09/02/2014 10:25:00 AM		0.1		ANDREW WEIR		Grab				0.090		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		09/10/2014 02:15:00 PM		0.1		MATT HUDSON		Grab				0.455		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		09/29/2014 12:30:00 PM		0.1		KIM OLDENBURG		Grab				0.027		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		10/14/2014 02:45:00 PM		0.1		MATT HUDSON		Grab				0.026		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		11/06/2014 03:00:00 PM		0.1		KIM OLDENBURG		Grab				0.023		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		12/15/2014 10:30:00 AM		0.1		ANDREW WEIR		Grab				0.252		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		03/17/2015 01:05:00 PM		0.1		Nile Merton		Grab				0.064		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		03/30/2015 01:55:00 PM		0.1		Matt Hudson		Grab				0.040		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		04/20/2015 04:15:00 PM		0.1		Matt Hudson		Grab				0.148		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		05/04/2015 11:00:00 AM		0.1		Matt Hudson		Grab				0.023		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		05/12/2015 11:00:00 AM		0.1		Megan McPeak		Grab				0.057		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		05/18/2015 11:40:00 AM		0.1		Matt Hudson		Grab				0.043		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		05/19/2015 11:00:00 AM		0.1		Megan McPeak		Grab				0.033		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/02/2015 12:00:00 PM		0.1		Anthony Soukey		Grab				0.030		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/03/2015 02:45:00 PM		0.1		Ellen Gorsky		Grab				0.024		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/04/2015 10:15:00 AM		0.1		Anthony Soukey		Grab				0.532		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/05/2015 11:25:00 AM		0.1		Anthony Soukey		Grab				0.061		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/09/2015 11:20:00 AM		0.1		Anthony Soukey		Grab				0.029		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/16/2015 10:40:00 AM		0.1		Ellen Gorsky		Grab				0.029		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/23/2015 10:55:00 AM		0.1		AS		Grab				0.030		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		06/30/2015 11:10:00 AM		0.1		Ellen Gorsky		Grab				0.027		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/07/2015 10:50:00 AM		0.1		Anthony Soukey		Grab				0.033		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/15/2015 10:35:00 AM		0.1		Ellen Gorsky		Grab				0.034		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/20/2015 11:40:00 AM		0.1		AS		Grab				0.025		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		07/28/2015 11:48:00 AM		0.1		EG		Grab				0.052		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/04/2015 10:55:00 AM		0.1		AS		Grab				0.011		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/11/2015 11:08:00 AM		0.1		EG		Grab				0.026		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/18/2015 11:43:00 AM		0.1		AS		Grab				0.025		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/19/2015 03:45:00 PM		0.1		AS		Grab				1.112		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/20/2015 12:05:00 PM		0.1		AS		Grab				0.051		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		08/25/2015 11:15:00 AM		0.1		EG		Grab				0.034		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		09/08/2015 11:30:00 AM		0.1		NM		Grab				0.025		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		09/22/2015 12:55:00 PM		0.1		KO		Grab				0.030		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		10/06/2015 12:05:00 PM		0.1		KO		Grab				0.041		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		10/20/2015 03:00:00 PM		0.1		MH		Grab				0.023		MG/L		0.0015		0.005

		WITC		Whittlesey Creek at Cherryville Rd.		11/03/2015 10:10:00 AM		0.1		KO		Grab				0.024		MG/L		0.0015		0.005
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All S. Fish Creek Data

		Client Sample ID		Site Name / Description		Sample Date / Time		Depth (m)		Sample Collector		Sample Type		Strata		Reported Result (mg/L)		Unit		LOD		LOQ

		SFC137		South Fish Creek at HWY 137		07/08/2014 02:11:00 PM		0.1		Scott AG Hartle		Grab				0.114		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/15/2014 11:35:00 AM		0.1		Megan McPeak		Grab				0.128		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/22/2014 12:55:00 PM		0.1		Megan McPeak		Grab				0.138		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/29/2014 12:20:00 PM		0.1		SAM WINTERS		Grab				0.090		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/05/2014 12:00:00 PM		0.1		Megan McPeak		Grab				0.080		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/12/2014 11:55:00 AM		0.1		Scott Hartle		Grab				0.178		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/19/2014 11:40:00 AM		0.1		MEGAN MCPEAK		Grab				0.092		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/25/2014 01:06:00 PM		0.1		DESI NIEWINSKI		Grab				1.504		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/02/2014 11:35:00 AM		0.1		ANDREW WEIR		Grab				0.353		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		12/15/2014 12:35:00 PM		0.1		ANDREW WEIR		Grab				0.434		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		04/20/2015 01:00:00 PM		0.1		Matt Hudson		Grab				0.350		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/04/2015 10:00:00 AM		0.1		Matt Hudson		Grab				0.078		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/11/2015 09:45:00 AM		0.1		Megan McPeak		Grab				0.119		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/12/2015 12:50:00 PM		0.1		Megan McPeak		Grab				0.203		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/18/2015 10:05:00 AM		0.1		Jordan Welnetz		Grab				0.368		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/19/2015 01:00:00 PM		0.1		Megan McPeak		Grab				0.210		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/02/2015 09:42:00 AM		0.1		Anthony Soukey		Grab				0.117		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/03/2015 01:25:00 PM		0.1		Ellen Gorsky		Grab				0.102		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/04/2015 10:45:00 AM		0.1		Anthony Soukey		Grab				0.228		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/05/2015 10:00:00 AM		0.1		Anthony Soukey		Grab				0.268		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/09/2015 09:45:00 AM		0.1		Anthony Soukey		Grab				0.176		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/16/2015 08:55:00 AM		0.1		Ellen Gorsky		Grab				0.110		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/23/2015 09:10:00 AM		0.1		AS		Grab				0.130		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/30/2015 10:05:00 AM		0.1		Ellen Gorsky		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/07/2015 09:15:00 AM		0.1		Anthony Soukey		Grab				0.319		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/15/2015 09:00:00 AM		0.1		Ellen Gorsky		Grab				0.275		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/20/2015 10:05:00 AM		0.1		AS		Grab				0.167		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/28/2015 09:30:00 AM		0.1		EG		Grab				0.155		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/04/2015 09:15:00 AM		0.1		AS		Grab				0.123		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/07/2015 10:00:00 AM		0.1		EG		Grab				0.140		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/11/2015 09:30:00 AM		0.1		EG		Grab				0.113		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/18/2015 09:40:00 AM		0.1		AS		Grab				0.122		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/19/2015 12:50:00 PM		0.1		AS		Grab				0.147		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/20/2015 10:20:00 AM		0.1		AS		Grab				0.606		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/25/2015 09:45:00 AM		0.1		EG		Grab				0.182		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/08/2015 02:40:00 PM		0.1		NM		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/22/2015 09:00:00 AM		0.1		KO		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/06/2015 09:00:00 AM		0.1		KO		Grab				0.075		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/20/2015 11:45:00 AM		0.1		MH		Grab				0.069		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/28/2015 11:30:00 AM		0.1		MH		Grab				0.088		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		11/03/2015 11:50:00 AM		0.1		KO		Grab				0.060		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		04/10/2014 11:15:00 AM		0.1		Elizabeth Alexson		Grab				0.504		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		04/21/2014 03:35:00 PM		0.1		Elizabeth Alexson		Grab				0.879		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/09/2014 03:35:00 PM		0.1		Andrew Weir		Grab				0.721		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/04/2014 02:27:00 PM		0.1		Sarah Szymaniak		Grab				0.140		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/16/2014 04:00:00 PM		0.1		Matt Hudson		Grab				0.302		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/30/2014 03:21:00 PM		0.1		Sarah Szymaniak		Grab				0.178		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/08/2014 01:52:00 PM		0.1		Scott AG Hartle		Grab				0.110		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2014 11:17:00 AM		0.1		Megan McPeak		Grab				0.119		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2014 01:09:00 PM		0.1		Devon Brock-Montgomery 		Grab				0.109		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/22/2014 12:35:00 PM		0.1		Megan McPeak		Grab				0.112		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/28/2014 01:50:00 PM		0.1		MEGAN MCPEAK		Grab				0.079		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/29/2014 12:02:00 PM		0.1		SAM WINTERS		Grab				0.088		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/05/2014 11:50:00 AM		0.1		Megan McPeak		Grab				0.065		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/11/2014 03:51:00 PM		0.1		NILE MERTON		Grab				0.069		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/12/2014 11:35:00 AM		0.1		Scott Hartle		Grab				0.072		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/19/2014 11:25:00 AM		0.1		MEGAN MCPEAK		Grab				0.063		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/25/2014 12:49:00 PM		0.1		DESI NIEWINSKI		Grab				1.032		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/25/2014 02:05:00 PM		0.1		KIM OLDENBURG		Grab				0.932		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/02/2014 11:20:00 AM		0.1		ANDREW WEIR		Grab				0.311		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/10/2014 12:50:00 PM		0.1		MATT HUDSON		Grab				0.859		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/29/2014 01:15:00 PM		0.1		KIM OLDENBURG		Grab				0.092		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/14/2014 02:00:00 PM		0.1		MATT HUDSON		Grab				0.109		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		11/06/2014 03:10:00 PM		0.1		KIM OLDENBURG		Grab				0.069		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		12/09/2014 04:15:00 PM		0.1		MATT HUDSON		Grab				0.090		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		01/22/2015 01:00:00 PM		0.1		KIM OLDENBURG		Grab				0.065		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		03/05/2015 02:00:00 PM		0.1		Matt Hudson		Grab				0.048		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		03/17/2015 02:30:00 PM		0.1		Nile Merton		Grab				0.231		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		03/30/2015 12:15:00 PM		0.1		Matt Hudson		Grab				0.122		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		04/20/2015 11:45:00 AM		0.1		Matt Hudson		Grab				0.215		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/04/2015 09:10:00 AM		0.1		Matt Hudson		Grab				0.071		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/11/2015 09:20:00 AM		0.1		Megan McPeak		Grab				0.078		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/12/2015 12:30:00 PM		0.1		Megan McPeak		Grab				0.140		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/18/2015 10:25:00 AM		0.1		Jordan Welnetz		Grab				0.236		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/19/2015 12:25:00 PM		0.1		Megan McPeak		Grab				0.143		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/02/2015 10:32:00 AM		0.1		Anthony Soukey		Grab				0.102		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/03/2015 01:50:00 PM		0.1		Ellen Gorsky		Grab				0.098		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/04/2015 02:30:00 PM		0.1		Marisa Ulman		Grab				0.290		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/05/2015 10:35:00 AM		0.1		Anthony Soukey		Grab				0.220		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/16/2015 09:40:00 AM		0.1		Ellen Gorsky		Grab				0.111		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/23/2015 09:45:00 AM		0.1		AS		Grab				0.121		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/30/2015 09:40:00 AM		0.1		Ellen Gorsky		Grab				0.126		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/07/2015 09:50:00 AM		0.1		Anthony Soukey		Grab				0.292		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2015 09:35:00 AM		0.1		Ellen Gorsky		Grab				0.229		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/20/2015 10:40:00 AM		0.1		AS		Grab				0.163		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/28/2015 10:45:00 AM		0.1		EG		Grab				0.155		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/04/2015 09:48:00 AM		0.1		AS		Grab				0.120		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/07/2015 10:32:00 AM		0.1		EG		Grab				0.119		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/11/2015 10:05:00 AM		0.1		EG		Grab				0.107		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/18/2015 10:35:00 AM		0.1		AS		Grab				0.110		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/19/2015 01:35:00 PM		0.1		AS		Grab				0.493		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/20/2015 10:59:00 AM		0.1		AS		Grab				0.349		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/25/2015 10:15:00 AM		0.1		EG		Grab				0.157		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/08/2015 11:55:00 AM		0.1		NM		Grab				0.136		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/22/2015 09:30:00 AM		0.1		KO		Grab				0.102		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/06/2015 09:25:00 AM		0.1		KO		Grab				0.072		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/20/2015 12:45:00 PM		0.1		MH		Grab				0.055		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/28/2015 12:00:00 PM		0.1		MH		Grab				0.052		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		11/03/2015 11:30:00 AM		0.1		KO		Grab				0.127		MG/L		0.0015		0.005

		SFCR 		South Fish Creek at Colby Rd.		06/09/2015 10:20:00 AM		0.1		Anthony Soukey		Grab				0.124		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		04/20/2015 12:30:00 PM		0.1		Matt Hudson		Grab				0.273		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/04/2015 09:40:00 AM		0.1		Matt Hudson		Grab				0.109		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/11/2015 09:30:00 AM		0.1		Megan McPeak		Grab				0.173		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/18/2015 10:35:00 AM		0.1		Jordan Welnetz		Grab				0.501		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/02/2015 10:15:00 AM		0.1		Anthony Soukey		Grab				0.224		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/03/2015 01:45:00 PM		0.1		Ellen Gorsky		Grab				0.127		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/04/2015 12:55:00 PM		0.1		Marisa Ulman		Grab				0.497		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/05/2015 10:20:00 AM		0.1		Anthony Soukey		Grab				0.232		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/09/2015 10:05:00 AM		0.1		Anthony Soukey		Grab				0.169		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/16/2015 09:20:00 AM		0.1		Ellen Gorsky		Grab				0.160		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/23/2015 09:30:00 AM		0.1		AS		Grab				0.150		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/30/2015 09:15:00 AM		0.1		Ellen Gorsky		Grab				0.167		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/07/2015 09:40:00 AM		0.1		Anthony Soukey		Grab				0.377		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/15/2015 09:15:00 AM		0.1		Ellen Gorsky		Grab				0.311		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/20/2015 10:25:00 AM		0.1		AS		Grab				0.256		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/28/2015 10:05:00 AM		0.1		EG		Grab				0.321		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/04/2015 09:35:00 AM		0.1		AS		Grab				0.201		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/07/2015 10:15:00 AM		0.1		EG		Grab				0.408		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/11/2015 09:50:00 AM		0.1		EG		Grab				0.150		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/18/2015 10:15:00 AM		0.1		AS		Grab				0.267		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/19/2015 01:25:00 PM		0.1		AS		Grab				0.551		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/20/2015 10:45:00 AM		0.1		AS		Grab				0.524		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/25/2015 10:05:00 AM		0.1		EG		Grab				0.171		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		09/08/2015 12:10:00 PM		0.1		NM		Grab				0.226		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		09/22/2015 09:50:00 AM		0.1		KO		Grab				0.116		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/06/2015 09:40:00 AM		0.1		KO		Grab				0.082		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/20/2015 12:10:00 PM		0.1		MH		Grab				0.092		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/28/2015 12:15:00 PM		0.1		MH		Grab				0.143		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		11/03/2015 11:20:00 AM		0.1		KO		Grab				0.133		MG/L		0.0015		0.005



























































































































































































































Monthly Monitoring S. Fish

		Client Sample ID		Site Name / Description		Sample Date / Time		Depth (m)		Sample Collector		Sample Type		Strata		Reported Result (mg/L)		Unit		LOD		LOQ

		SFC137		South Fish Creek at HWY 137		07/15/2014 11:35:00 AM		0.1		Megan McPeak		Grab				0.128		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/12/2014 11:55:00 AM		0.1		Scott Hartle		Grab				0.178		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/02/2014 11:35:00 AM		0.1		ANDREW WEIR		Grab				0.353		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		05/12/2015 12:50:00 PM		0.1		Megan McPeak		Grab				0.203		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		06/16/2015 08:55:00 AM		0.1		Ellen Gorsky		Grab				0.110		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		07/15/2015 09:00:00 AM		0.1		Ellen Gorsky		Grab				0.275		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		08/18/2015 09:40:00 AM		0.1		AS		Grab				0.122		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		09/22/2015 09:00:00 AM		0.1		KO		Grab				0.124		MG/L		0.0015		0.005

		SFC137		South Fish Creek at HWY 137		10/20/2015 11:45:00 AM		0.1		MH		Grab				0.069		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/09/2014 03:35:00 PM		0.1		Andrew Weir		Grab				0.721		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/16/2014 04:00:00 PM		0.1		Matt Hudson		Grab				0.302		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2014 11:17:00 AM		0.1		Megan McPeak		Grab				0.119		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/12/2014 11:35:00 AM		0.1		Scott Hartle		Grab				0.072		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/10/2014 12:50:00 PM		0.1		MATT HUDSON		Grab				0.859		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/14/2014 02:00:00 PM		0.1		MATT HUDSON		Grab				0.109		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		05/12/2015 12:30:00 PM		0.1		Megan McPeak		Grab				0.140		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		06/16/2015 09:40:00 AM		0.1		Ellen Gorsky		Grab				0.111		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		07/15/2015 09:35:00 AM		0.1		Ellen Gorsky		Grab				0.229		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		08/18/2015 10:35:00 AM		0.1		AS		Grab				0.110		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		09/22/2015 09:30:00 AM		0.1		KO		Grab				0.102		MG/L		0.0015		0.005

		SFCR		South Fish Creek at Colby Rd.		10/20/2015 12:45:00 PM		0.1		MH		Grab				0.055		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		05/11/2015 09:30:00 AM		0.1		Megan McPeak		Grab				0.173		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		06/16/2015 09:20:00 AM		0.1		Ellen Gorsky		Grab				0.160		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		07/15/2015 09:15:00 AM		0.1		Ellen Gorsky		Grab				0.311		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		08/18/2015 10:15:00 AM		0.1		AS		Grab				0.267		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		09/22/2015 09:50:00 AM		0.1		KO		Grab				0.116		MG/L		0.0015		0.005

		SFTC		Unamed Tributary to South Fish Creek at Colby Rd.		10/20/2015 12:10:00 PM		0.1		MH		Grab				0.092		MG/L		0.0015		0.005













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chequamegon Bay (Monthly)

		Client Sample ID		Site Name / Description		Sample Date / Time		Depth (m)		Sample Collector		Sample Type		Strata		Reported Result (mg/L)		Unit		LOD		LOQ

		CB1		Chequamegon Bay Site 1		06/11/2014 04:45:00 PM		1.0		Joe Fitzgerald		Grab		Epilimnion		0.028		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/11/2014 05:30:00 PM		1.0		Joe Fitzgerald		Grab		Epilimnion		0.034		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/23/2014 11:44:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/23/2014 12:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/23/2014 01:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/23/2014 01:40:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/23/2014 02:18:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		06/23/2014 03:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.011		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/23/2014 03:30:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.011		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/23/2014 04:13:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/23/2014 05:00:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.013		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/08/2014 10:04:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/08/2014 11:12:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/08/2014 11:55:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/08/2014 12:47:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		07/08/2014 01:33:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		07/08/2014 02:22:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/08/2014 03:16:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/08/2014 04:16:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/08/2014 05:01:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2014 05:40:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/08/2014 06:20:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/14/2014 11:15:00 AM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/14/2014 12:19:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		08/14/2014 01:25:00 PM		4.0		Joe Fitzgerald		Grab		Hypolimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/14/2014 02:20:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		08/14/2014 03:25:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		08/14/2014 04:18:00 PM		2.0		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		08/14/2014 04:50:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/14/2014 05:52:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/14/2014 06:41:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		08/14/2014 07:29:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.012		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		08/14/2014 08:08:00 PM		2.0		JOE FITZGERALD		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		09/26/2014 11:30:00 AM		2.0		ANDREW WEIR		Composite		Epilimnion		0.004		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		09/26/2014 01:05:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		09/26/2014 01:45:00 PM		2.0		ANDREW WEIR		Composite		Epilimnion		0.014		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		04/16/2015 03:18:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		04/28/2015 01:40:00 PM		2		Jordan Welnetz		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/01/2015 11:30:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		06/10/2015 08:45:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		06/10/2015 09:30:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/10/2015 10:00:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		06/10/2015 10:45:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		06/10/2015 11:30:00 AM		2		Parker Matzinger		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		06/10/2015 12:45:00 PM		2		Parker Matzinger		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		06/10/2015 01:45:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		06/10/2015 02:10:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		06/10/2015 02:30:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.010		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		06/10/2015 03:00:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		06/10/2015 03:25:00 PM		2		Parker Matzinger		Composite		Epilimnion		0.014		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		06/23/2015 12:50:00 PM		2		Marissa Ulman		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		07/08/2015 10:25:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		07/08/2015 11:15:00 AM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		07/08/2015 12:05:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		07/08/2015 12:50:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		07/08/2015 01:30:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		07/08/2015 02:00:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		07/08/2015 02:50:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		07/08/2015 03:25:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		07/08/2015 03:45:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		07/08/2015 04:30:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.002		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2015 05:00:00 PM		2		Joe Fitzgerald		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		07/08/2015 05:00:00 PM		5		Joe Fitzgerald		Grab		Hypolimnion		0.012		MG/L		0.0015		0.005

		CB3		Chequamegon Bay Site 3		08/04/2015 10:00:00 AM		2		MH		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB10		Chequamegon Bay Site 10		08/04/2015 12:30:00 PM		2		MH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB11		Chequamegon Bay Site 11		08/04/2015 01:20:00 PM		2		MH		Composite		Epilimnion		ND		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		08/04/2015 02:35:00 PM		2		MH		Composite		Epilimnion		0.003		MG/L		0.0015		0.005

		CB8		Chequamegon Bay Site 8		08/04/2015 03:20:00 PM		2		MH		Composite		Epilimnion		0.007		MG/L		0.0015		0.005

		CB6		Chequamegon Bay Site 6		08/04/2015 04:05:00 PM		2		MH		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB4		Chequamegon Bay Site 4		08/04/2015 04:45:00 PM		2		MH		Composite		Epilimnion		0.005		MG/L		0.0015		0.005

		CB2		Chequamegon Bay Site 2		08/04/2015 05:30:00 PM		2		MH		Composite		Epilimnion		0.006		MG/L		0.0015		0.005

		CB1		Chequamegon Bay Site 1		08/17/2015 11:15:00 AM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB5		Chequamegon Bay Site 5		08/17/2015 12:20:00 PM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB7		Chequamegon Bay Site 7		08/17/2015 12:50:00 PM		0.1		MH		Grab		Epilimnion		ND		MG/L		0.0015		0.005

		CB9		Chequamegon Bay Site 9		10/06/2015 11:10:00 AM		0.1		MH		Grab		Epilimnion		0.008		MG/L		0.0015		0.005
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Foreword

The mission of the Water Resources Discipline of the U.S.
Geological Survey (USGS) is to provide the information and
understanding needed for wise management of the Nation's
water resources. Inherent in this mission is the responsibility to
collect data that accurately describe the physical, chemical, and
biological attributes of water systems. These data are used for
environmental and resource assessments by the USGS, other
government agencies and scientific organizations, and the
general public. Reliable and quality-assured data are essential to
the credibility and impartiality of the water-resources appraisals
carried out by the USGS.

The development and use of a National Field Manual is
necessary to achieve consistency in the scientific methods and
procedures used, to document those methods and procedures,
and to maintain technical expertise. USGS field personnel use
this manual to ensure that the data collected are of the quality
required to fulfill our mission.

Robert M. Hirsch
Associate Director for Water
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A Chapter A4.
COLLECTION OF
WATER SAMPLES

Revised 2006
Franceska D. Wilde, Editor

ABSTRACT

The National Field Manual for the Collection of Water-Quality Data
(National Field Manual) describes protocols and provides guidelines
for U.S. Geological Survey (USGS) personnel who collect data that
are used to assess the quality of the Nation’s surface-water and
ground-water resources. This chapter addresses preparations and
appropriate methods for the collection of surface-water, ground-
water, and associated quality-control samples. Among the topics
covered are considerations and procedures to prevent sample
contamination; establishing site files; instructions for collecting
depth-integrated i sokinetic and nonisokinetic samples at flowing- and
still-water sites; and guidelines for collecting formation water from
wells having various types of construction and hydraulic and aquifer
characteristics.
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INTRODUCTION

As part of its mission, the U.S. Geological Survey (USGS) collects
the data needed to assess the quality of our Nation’s water resources.
The National Field Manual for the Collection of Water-Quality Data
(National Field Manual) describes protocols (requirements and
recommendations) and provides guidelines for USGS personnel who
collect those data on surface-water and ground-water resources.
Chapter A4 provides information about the collection and quality
control of water samples for investigations and assessments of
environmental water quality. Formal training and field
apprenticeship are necessary in order to implement correctly the
procedures described in this chapter.

The National Field Manual is Section A of Book 9 of the USGS
publication series " Techniques of Water-Resources Investigations"
(TWRI) and consists of individually published chapters designed to
be used in conjunction with each other. Chapter numbers are preceded
by an “A” to indicate that the report is part of the National Field
Manual. Other chapters of the National Field Manual are referred to
in this report by the abbreviation "NFM" and the specific chapter
number (or chapter and section number). For example, NFM 6 refers
to Chapter A6 on "Field Measurements' and NFM 6.4 refersto the
section on field measurement of pH.

The procedures described in this chapter represent protocols that
generally are applicable to USGS studies involving the collection of
water-quality data. Modification of required and recommended
proceduresto fulfill study objectives or to enhance data quality must
be documented and published with the data and data interpretation.

PURPOSE AND SCOPE

The National Field Manual is targeted specifically toward field
personnel in order to (1) establish and communicate scientifically
sound methods and procedures, (2) provide methods that minimize
data bias and, when properly applied, result in data that are
reproducible within acceptable limits of variability, (3) encourage
consistent use of field methods for the purpose of producing
nationally comparabledata, and (4) provide citable documentation for
USGS water-quality data-collection protocols.
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COLLECTION OF WATER SAMPLES—9

The purpose of this chapter of the National Field Manual isto provide
field personnel and other interested parties with a description of the
requirements, recommendations, and guidelines routinely used in USGS
studies involving the collection of water-quality samples from bodies of
surface water and ground water. The information provided covers topics
fundamental to the collection of water samples that are representative of
the ambient environment. The information provided does not attempt to
encompass the entire spectrum of data-collection objectives, site
characteristics, environmental conditions, and technological advances
related to water-quality studies. Also beyond the scope of this chapter is
discussion of procedures to collect samples for analysis of suspended or
biological materials. Collection of data related to onsite measurements
such as pH and alkalinity is addressed in NFM 6, while collection of
biochemical and microbiological datais addressed in NFM 7.

REQUIREMENTS AND RECOMMENDATIONS

Asused in the National Field Manual, the terms required and
recommended have USGS-specific meanings.

Required (require, required, or requirements) pertains to USGS
protocols and indicates that USGS Office of Water Quality policy has
been established on the basis of research and (or) consensus of the
technical staff and has been reviewed by water-quality specialists and
other professionals who have the appropriate expertise. Technical
memorandumsor other documentsthat define the policy pertinent to such
requirements are referenced in this chapter. USGS personnel are
instructed to use required equipment or procedures as described herein.
Departure from or modifications to the stipulated requirements that
might be necessary to accomplishing specific data-quality requirements
or study objectives must be based on referenced research and good field
judgment, and be quality assured and documented.

Recommended (recommend, recommended, recommendation) pertains
to USGS protocols and indicates that, on the basis of research and (or)
consensus, the USGS Office of Water Quality recognizes one or several
acceptable alternatives for selecting equipment or procedures. Specific
data-quality requirements, study objectives, or other constraints might
affect the choice of recommended equipment or procedures. Selection
from among the alternatives must be based on referenced research and
good field judgment, and reasonsfor the sel ection should be documented.
Departure from or modifications to recommended procedures must be
quality assured and documented.

Collection of Water Samples (Version 2.0, 9/2006) Introduction
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FIELD MANUAL REVIEW AND REVISION

Chapters of the National Field Manual are reviewed, revised, and reissued
periodically to correct any errors, incorporate technical advances, and
address additional topics. Comments or corrections can be mailed to
NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or by e-mail to
nfm-owq@usgs.gov). Newly published and revised chapters are posted on
the USGS Web page "National Field Manual for the Collection of
Water-Quality Data." The URL for this pageis:
http://pubs.water.usgs.gov/twri9A/. The page contains links to an errata
page and to the chapters of the National Field Manual. Information
regarding the status and any errata of this or other chapters can be found
near the beginning of the Web page for each chapter. Near the bottom of
each chapter’s Web page are links to archived versions.
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COLLECTION OF A4
WATER SAMPLES

This chapter of the National Field Manual (NFM) describes standard
USGS methods (sampling strategies, techniques, requirements, and
recommendations) for the routine collection of representative water
samples. Sample collection forms a continuum with sample
processing; therefore, the information in this chapter overlaps with
some of the information in NFM 5, Processing of Water Samples.

SAMPLING:
The act of collecting a portion of

material for analytical purposes that
accurately represents the material
being sampled with respect to
stated objectives.

Modified from Standard M ethods, 1060A
(APHA and others, 2001)

Before sample collection begins, field personnel must take steps to
ensure that the samples collected will be representative of the aqueous
system being investigated. A representative sample is one that typifies
(“represents’) in time and space that part of the aqueous system to be
studied, and is delineated by the objectives and scope of the study.
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Obtaining representative samplesis of primary importance for arelevant
description of the environment. In order to collect arepresentative sample
that will yield the information required, (1) study objectives, including

data-quality requirements, must be understood in the context of the
water system to be sampled, and (2) artifacts of the sampling process

must be minimized.? Field personnel must be alert to conditions that
could compromise the quality of a sample.

» Collect arepresentative sample. Use appropriate methods and
quality-assurance measures to ensure that the field sites selected
and the samples collected accurately represent the environment
intended for study and can fulfill data-quality objectives.

» Think contamination! To ensure the integrity of the sample, be
aware of possible sources of contamination. Contamination
introduced during each phase of sample collection (and
processing) is additive and usually is substantially greater than
contamination introduced elsewhere in the sample-handling
and -analysis process. Therefore, collect a sufficient number of
quality-control samples, appropriately distributed in time and
space, to ensurethat data-quality objectives and requirements
are met (section 4.3).

1As used in this report, data-quality requirements refer to that subset of data-quality
objectives pertaining to the analytical detection level for concentrations of target
analytes and the variability allowable to fulfill the scientific objectives of the study.
2 The degree to which a sample can be considered representative of a water body
depends on many interrelated factors including, for example, temporal and spatial
homogeneity of the water body, sample size, and the method and manner of sample
collection.
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4.0

RESPONSIBILITIES, FIELD
PREPARATIONS,

AND PREVENTING
SAMPLE CONTAMINATION

This section of the NFM presents guidelines, requirements, and recom-
mendations for USGS field personnel as they prepare for sample collec-
tion at field sites. Collecting comparable data over the duration of the
sampling effort and among sampling sitesis necessary for avalid analysis
and interpretation of the data. This usually requires consistent use of the
methods and equipment selected and collection of sufficient quality-con-
trol datato verify the quality and comparability of the data collected.

USGS data-collection efforts often take a whol e-system approach,
meaning that the data-collection methods used are designed so that the
entire stream reach or aquifer volume is represented. A modified
approach is needed for studies in which samples are representative of a
specific portion or aspect of an aqueous system; for example, a study of
aguatic ecology may establish nearshore boundaries on the system of
study, and an oil-spill study may target only the surface of awater-table
aguifer.

» What do your datarepresent? Datacollectors need to know what
questions the data being collected are meant to address, and
understand the level of accuracy and precision that are needed in the
datato answer those questions. The data are no better than the
confidencethat can be placed in how well the sample representsthe
agueous system (Horowitz and others, 1994). Therefore,
understand the purpose for which the various types of datawill be
collected and the aqueous system that each sample should
represent.

» Areyour data of appropriate quality? Quality-control samples
yield information by which confidence brackets can be applied to
the environmental data. Field quality control is vital for data
interpretation and assessment and yields different information than
laboratory-performed quality-control checks.
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Data quality begins before the first sample is collected,
by taking care to use proper equipment, being aware of

data-quality requirements, and being alert to potential
sources of sample contamination.

401 RESPONSIBILITIES AND FIELD
PREPARATIONS

Field personnel are responsible for their safety and for the quality of
the work performed.

» Never compromise the safety of field personnel. Be familiar
with the safety requirements and recommendations described in
NFM 9. Get the appropriate training and certification needed if
you will be working at sites designated as hazardous.

» Collect data of known quality. Fundamental to water-quality
sampling is the fact that the quality of the analytical results can
be no better than the quality of the sample on which the analyses
were performed. The sample collector has primary
responsibility for the quality and integrity of the sample up to
the time that the sample is delivered to the analyzing laboratory
or office. Data quality is determined from analysis of quality-
control data.

» Know what you need to do. Before departing for field work,
review the workplan, and plan for the types of measurements
and samples specified.

— Bethoroughly familiar with your study objectives and
requirements. Sampling plans, including quality-assurance
and equipment requirements, need to be prepared and
reviewed in advance. Some programs require a prescribed
format for sampling, quality-assurance, and safety plans.
Some projects require chain-of-custody documentation.

— Review and understand the USGS protocols for collecting
and processing your samples before field work begins.
Obtain and keep current with training and the laboratory
requirements associated with your data-collection activities.
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All details of afield trip need to be planned well in advance (fig. 4-1).
Adequate time must be scheduled in the workplan to review data
reguirements and make field-trip preparations; acommon mistakeisto
put off these activities until the last minute (table 4-1).

» Makereconnaissancetrips before selecting repeat sampling
sites, if possible.

— Note conditions that could affect sampling operations (such
as the seasonal high or low streamflow, flowing or low-flow
wells, or site-access peculiarities).

— Evaluate potential sources of contamination at the site,
based on the ana ytes3 to be targeted in the sample analysis.

» Review sitefilesand field folders (see sections 4.1.1 and
4.2.1). Check the site location, description, and access. Review
any previously collected physical, chemical, and biological
data.

» When selecting field equipment, understand the physical and
chemical limitations of each piece of equipment, in order to
meet data-collection objectives and data-quality requirements
(refer to NFM 2). Verify and test, if possible, the operational
range of the sampling equipment to be used.

S"Target analyte" refers to any chemical or biological substance for which
concentrations in a sample will be determined. Target analyte does not include field-
measured properties such as temperature, specific electrical conductance
(conductivity), dissolved-oxygen concentration, pH, Eh, alkalinity, color, or turbidity.
The Concise Chemical and Technical Dictionary, 4th edition (Bennett, 1986) defines
"analyte" as " Substance being determined in an analysis.”
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» Prepareaworkplan and checklists.

— The workplan delineates study activities and establishes the
timeframe in which the activities are to be completed
(table 4-1).

— Checklists help ensure that equipment and supplies will be
ordered on time, that data-collection activities will be com-
pleted appropriately, and that data-quality requirements will
be met (fig. 4-1). Generic checklist items apply to most stud-
ies, and the checklist customized for specific study require-
ments (for example, special equipment or supplies,
guantities of equipment and supplies, number of batteries,
and types of sample bottles and other equipment).

» Data management. Field personnel also are responsible for
providing the necessary information to establish USGS National
Water Information System (NWIS) site files for each sampling
siteand for checking to seethat the sitefileisfunctional, that the
information it contains is correct, and that updates are made
promptly. NWIS is the hydrol ogic data base for the USGS, and
includes the following subsystems in which study site files are
to be maintained:

— Quality-of-Water Data (QWDATA) —containsfield and
laboratory data.

— Automatic Data Processing System (ADAPS) — contains
time-series information.

— Ground-Water Site Inventory (GWSI) — contains aquifer
and ground-water site information.

PLAN AHEAD! Take adequate time to prepare.
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Table 4-1. Example of work-schedule elements

Work-schedule Examples of items or activities Completed
elements in checklists by
Calendar of planned field Prepare calendars/checklists that include

trips

sampling dates, members of field team,
vehicle(s) to be used.

Presampling activities

Prepare checklists (seefigs. 4-1 and 4-7).
Prepare NWIS site files.

Postsampling activities

Update field folders and compuiter files.

Log in samples (Analytical Services Request
form).

Store and dispose of hazardous materials
properly.

Check that all equipment is clean and
properly stored.

Field equipment and sup-
plies

Prepare lists of equipment/suppliesfor each field
site (see NFM 2).
Prepare alist of itemsto be ordered.

Equipment/supplies main-
tenance and
testing

Prepare a checklist of maintenance/testing for
field-measurement instruments (see NFM 6).

Test sample-collection and processing
equipment.

Charge or replace batteries.

Sample-collection,
-processing,
-shipping, and
-documentation
information and
supplies

Prepare headers on forms (such asfield, chain-
of-custody, and Analytical
Services Request forms); prepare bottle |abels.
Prepare lists of chemical constituents, with
respect to: analytical schedules, methods,
laboratory codes; hottle type and volume;
sample handling, chemical treatment and
preservation procedures; sample
shipment; quality-control samples.

Field-folder contents

Prepare alist of logistical information needed
for each site, such as permission to access site,
keys, maps.

Safety equipment and
information

Keep acopy of NFM 9 for field use and list
special considerations for the site, such as
personal flotation devices.
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FIELD-TRIP PREPARATIONS

PROJECT:
SITES: DATE:
v Prefield activity Comments
Order supplies Ordered 3 cases Ultrex for site #2

Completed on , by

Prepare deionized water (in-house Last change of cartridges, on
system) Last chemical analysison ,

Check prior laboratory analysis by ,

Conductivity checks out , by

Check expiration dates on reagents | Need conductivity standard(s)
Need pH buffer(s)

Clean and test equipment Completed on , by
Problems

Collect equipment blanks Completed on , by
Results reviewed by (Water-quality

specialist or project chief)
Clean sample bottles Completed on , by
Label sample bottles, preparefield Completed on , by
forms
Obtain permission for site access Completed on , by
Check field vehicle for safety equip- | Completed on , by

ment and supplies, such as mate-
rial safety data sheets, flares, and
remote communications system

(NFM 9)
Charge/replace batteries Completed by
Update field folder Completed by
Make travel reservations, arrange- Completed by
ments
Provide supervisor with field-trip Provided on to
and call-in (check-in) schedule
Vehicle maintenance Check fluids, battery, tires, lights, cleanliness.
Other

Figure 4-1. Example of a presampling activities checklist.
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PREVENTING SAMPLE 4.0.2
CONTAMINATION

The USGS prescribes specific protocol s for avoiding contamination of
water samples. In addition, collection of quality-control samples (sec-
tion 4.3) — scaled as appropriate to the objectives of the study and site
conditions — is mandated to check for, address, and measure sample
contamination and any resulting bias to the data. The most common
causes of sample contamination during sample collection include poor
sample-handling techniques, input from atmospheric sources, inade-
quately cleaned equipment, and use of egquipment constructed of mate-
rialsinappropriate for the analytes targeted for study. To prevent or
minimize sample contamination from these sources:

» Implement good field practices, summarized on table 4-2.

» UseClean Hands/Dirty Hands sampling techniques,
summarized on table 4-3.

USGS clean-sampling procedures (sometimes called the parts-per-
billion or ppb protocol) involve (1) using equipment that is
constructed of noncontaminating materials (NFM 2) and that has been
cleaned rigorously beforefield work and between field sites (NFM 3);
(2) handling equipment in a manner that minimizes the chance of
altering ambient sample composition; (3) handling samplesin a
manner that prevents contamination; and (4) routinely collecting
quality-control (QC) samples. Good Field Practices and Clean
Hands/Dirty Hands (CH/DH) are an integral part of routine
USGS water-quality field work.
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The nine major elements that comprise Good Field Practices are listed
on table 4-2. Four of the principles are further clarified below.

Field rinse equipment. Field rinsing of equipment used to col-
lect or process samples should not be confused with the proce-
dures used for equipment cleaning or decontamination;
directions for field rinsing specific types of surface-water and
ground-water equipment are described in sections 4.1.3 and
4.2.2.C, respectively. Collection of equipment blanks and field
blanksis necessary to help identify potential sources of sample
contamination (section 4.3). The same equipment that is used for
collecting and processing environmental samplesis used for col-
lecting and processing blanks and other types of quality-control
samples; however, equipment-cleaning and -rinsing procedures
differ somewhat.

Follow a prescribed sampling order. One dictate of Good Field
Practicesisto follow a prescribed order for collecting samples.
An aspect of thisisthat cross-contamination between sites can be
avoided by planning the order in which field siteswill be sampled.
Sites should be sampled in the order of least to greatest potential
for equipment fouling or contamination, if possible. The cleanest
sites are often — although not always — those that are in pristine
environments, in areas where concentrations of dissolved solids
are low, or upstream or upgradient from known or suspected
sources of contamination.

RULE OF THUMB: Collect samples first at sites

having the least contamination or lowest
chemical concentrations.
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Table 4-2. Good field practices for collection of water-quality samples

[Modified from “Rules for Trace-Metal Sampling” by Howard Taylor, U.S. Geological Survey,
written communication, 1992; NFM, National Field Manual for the Collection of Water-Quality
Data]

« Beaware of and record potential sources of contamination at each field site.

» Wear appropriate disposable, powderless gloves:
- Change gloves before each new step during sample collection (and processing).
- Avoid hand contact with contaminating surfaces (such as equipment, coins, food).
- Gloved as well as ungloved hands must not contact the water sample.

« Use equipment constructed of materials that are relatively inert with respect to the
analytes of interest (NFM 2).

« Use only equipment that has been cleaned according to prescribed procedures (NFM 3).

Field rinse equipment, but only as directed. Some equipment for organic-compound and other
analysis should not be field rinsed.

» Use correct sample-handling procedures:

- Minimize the number of sample-handling steps.

- Use Clean Hands/Dirty Hands techniques (table 4-3) as required for parts-per-billion trace-
element sampling. Adapt Clean Hands/Dirty Hands techniques for other sample types, as
appropriate. Obtain training for and practice field techniques under supervision before
collecting water samples.

Collect (and process) samples in enclosed chambers so as to minimize contamination from
atmospheric sources.

Collect asufficient number of blanks and other types of quality-control samples.

 Follow a prescribed order for collecting samples.
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Table 4-3. Clean Hands/Dirty Hands techniques for water-quality sampling

« Clean Hands/Dirty Hands techniques require two or more people working together.

» Atthefield site, one person is designated as Clean Hands (CH) and a second person as
Dirty Hands (DH). Although specific tasks are assigned at the start to CH or DH, some
tasks overlap and can be handled by either, aslong asthe prescribed careistaken to prevent
contaminating the sample.

» CH and DH wear appropriate disposable, powderless gloves during the entire sampling
operation and change gloves frequently, usually with each change in task. (Wearing
multiple layers of gloves alows rapid glove changes.) Gloves must be appropriate to
withstand any acid, solvent, or other chemical substance that will be used or
contacted.

» CH takes care of all operations involving equipment that contacts the sample; for example,
CH
- Handles the surface-water sampler bottle
- Handles the discharge end of the surface-water or ground-water sample tubing
- Handles the inner protective bag on the churn splitter
- Transfers sample to churn or cone splitter
- Prepares a clean work space (inside vehicle)
- Sets up processing and preservation chambers
- Places equipment inside chambers (for example, sample bottles, filtration and
preservation equipment)
- Works exclusively inside chambers during collection/processing and preservation
- Changes chamber covers, as needed
- Sets up field-cleaning equipment and cleans equipment

» DH takes care of all operationsinvolving contact with potential sources of contamination;
for example, DH

- Works exclusively exterior to processing and preservation chambers

- Prepares and operates sampling equipment, including pumps and discrete samplers,
peristaltic pump switch, pump controller, manifold system

- Operates cranes, tripods, drill rigs, vehicles, or other support equipment

- Handles the compressor or other power supply for samplers

- Handles tools such as hammers, wrenches, keys, locks, and sample-flow manifolds

- Handles single or multiparameter instruments for field measurements

- Handles the churn carrier, including outer protective bags

- Handles stream-gaging or water-level equipment

- Sets up and calibrates field-measurement instruments

- Measures and records water levels and field measurements
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Use Clean Hands/Dirty Hands (CH/DH) sampling procedures.
CH/DH procedures were developed for collecting (and processing)
samples vulnerable to contamination. CH/DH procedures separate
field-duty chores and dedicate one individual (designated as Clean
Hands or CH) to tasks related to direct contact with sample-wetted
equipment and sample containers (table 4-3). Implementation of this
protocol requires hands-on training and field-team coordination.?

» Requirement: CH/DH procedures are reguired when collecting
samples for analysis of metals and other inorganic trace
elements (hereafter referred to collectively astrace elements), as
follows:

— For trace elements with ambient concentrations at or
near 1 pg/L.

— For iron, aluminum, or manganese with ambient concentra-
tions to about 200 pg/L.

» Recommendation: CH/DH procedures are recommended when
collecting samples for analysis of most trace elements with
concentrations to about 100 ug/L.

» Recommendation: CH/DH procedures are recommended when
collecting samplesfor analysis of trace-organic compounds and
major inorganic elements, particularly when the target analyte
could be subject to contamination from field or laboratory
procedures at alevel that could exceed data-quality
requirements.

4A detailed descri ption of Clean Hands/Dirty Hands techniques for surface-water
sampling can be found in Horowitz and others (1994). Clean Hands/Dirty Hands
techniques have been incorporated in the procedures for ground-water sampling
(refer to section 4.2), equipment cleaning (NFM 3), and sample processing (NFM 5).
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Minimize atmospheric contamination. Water bodies that are
isolated from the atmosphere or that have dissolved-oxygen
concentrations that are substantially less than that of air can be found
in surface-water systems (deeper sections of stratified lakes and
reservoirs, for example), but are more common in ground-water
systems. For such sites, exposure of the sample to the atmosphere can
increase dissolved-oxygen concentrations, causing reduced metal
ions to oxidize and precipitate as a hydroxide.

Collection of environmental samples from water bodies for which con-
centrations of dissolved gases differ substantially from atmospheric
concentrations might require special field equipment or procedures.
Equipment and procedures should be selected that minimize contact
with the atmosphere or minimize the effect of pressure changes from
the source of the sample to the point of field measurement or sample
processing. Sampling methods and equipment for preventing contact
of anoxic and suboxic water samples with atmospheric gases are
described in section 4.2.2.C.

TECHNICAL NOTE: Exposure of anoxic or suboxic samples to
atmospheric oxygen can cause reduced metal ions to oxidize and
precipitate as a hydroxide (for example, oxidation of iron species
from ferrous (Fe*2) to ferric (Fe*3) iron). Precipitation of an iron (or
other metal) hydroxide can occur either before or during sample
filtration, thereby lowering concentrations of soluble iron and co-
precipitating metals in the sample. Examples of nonmetal
analytes for which atmospheric exposure can compromise
sample integrity include volatile organic compounds (VOCs), pH,
alkalinity, sulfide, chlorofluorocarbons (CFCs), and some bacteria
species.
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SURFACE-WATER SAMPLING 4.1

The methods used to collect surface-water samples depend not only on
flow characteristics of the surface-water body but also on the following
considerations: safety of field personnel (NFM 9); suitability of the
eguipment with regard to the analytes of interest as well as that of the
anticipated hydraulic conditions (NFM 2); field-measurement profiles
(NFM 6); temporal and spatial heterogeneity; physical setting;
ecological characteristics; weather conditions; fluvial-sediment
transport; point and nonpoint sources of contamination; and study
objectives, including data-quality requirements. Each sampling site
needsto be selected and sampled in amanner that minimizes bias caused
by the collection process and that best represents the intended
environmental conditions at the time of sampling.

» Before beginning field work, USGS study teams should be
thoroughly familiar with procedures and requirements described in
this National Field Manual and in USGS Office of Water Quality

Technical Memorandum 99.02.% Additional referencesthat provide
descriptions of surface-water sampling techniquesinclude: Federal
Interagency Sedimentation Project (1986), Ward and Harr (1990),
and Edwards and Glysson (1999).

» Study requirements for collection of equipment blanks, field
blanks, concurrent samples, and other relevant QC samples must be
prepared for before field work begins (section 4.3). Equipment and
supplies must be selected that are appropriate for the use intended.

» Ensurethat thefield team is staffed and equipped adequately. For
example, additional personnel and equipment are required for
collection of concurrently collected samples (concurrent replicate
samples, section 4.3). Use of safety equipment and proceduresis
mandatory (NFM 9).

» Prior to sample collection, the study team must establish aNWIS
site file and field folder for each sampling location (section 4.1.1).

STheu.s. Geological Survey (USGS) technical and policy memorandums referenced in
this manual are available on the Web; see "Selected References and Documents” for
numbered memorandum titles, dates, and the Web address.
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411 SITE FILES

Field personnel are responsible for establishing and maintaining electronic
and paper site files and ensuring their accuracy and completeness. The infor-
mation required for establishing electronic records in NWIS and for creating
field folders for surface-water sampling sitesis summarized below.

41.1.A NWIS Files

USGS policy requires specific information on surface-water sampling sitesto
be stored in the site file in NWIS (Hubbard, 1992; USGS Water Resources
Policy Memorandum 92.59). Site files should be established as soon as the
sampling site has been selected. The minimum information required for
establishing electronic filesin NWIS for surface water islisted in table 4-4.
Individual studies and USGS Water Science Center offices may have
additional data-storage requirements.

» Results of chemical water analyses are stored in the water-quality file
(QWDATA) of NWIS (Gellenbeck, 2005).

» The Automatic Data Processing System (ADAPS) contains continuous
records of water levels and water quality (Bartholoma, 2003).

Oncethe sitelocation has been established:

» Check the NWIS site file before each field trip.
» Update the files promptly after the field trip.

» Fill ininformation that is needed by, or could be useful to, the study in
addition to the information shown on table 4-4. For guidance, refer to
“Data Elements for Reporting Water Quality Results of: Chemical and
Microbiological Analyses’
(http://wi.water.usgs.gov/methods/tools’'wgde/, accessed July 7, 2006).

» If real-time data are being served on the Web, ensure that current
policies and quality-assurance measures are understood and
implemented (USGS Water Resources Policy Memorandum No. 99.34,

at http://water.usgs.gov/admin/memo/palicy/wrdpolicy99.34.html
(accessed July 7, 2006).
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Before starting field work:
Make sure that the NWIS file has been established.

After field work:
Input updates to NWIS files promptly and have a
second or third party check the input.

Table 4-4. Minimum information required for electronic storage of site and surface-water-
quality data in the U.S. Geological Survey (USGS) National Water Information System (NWIS)
[GWSI, Ground-Weater Site Inventory; QWDATA, Quality of Water Data)
Required information for creation of a surface-water site in NWIS" 2
Component (C) Example
Data description number for data (Description
entry into GWSI of code)
Agency code c4 USGS
Station | dentification Number Cc1 11530500
Station Name C12 Klamath River near
) Klamath, Calif.
Latitude c9 413052
Longitude C10 1235957
USGS Water Science Center /User c6 06 (California)
State
County c7 06 (California)
Agency Use cs 015 (Del Norte)
Station Type C803 A (Active)
C802 SW
Required information for storage of sample analyses in the
water-quality file of NWIS (QWDATA)"
L Alpha parameter Sample data
L] code (Description of code)
Agencycode AGNCY USGS
Station | dentification Number STAID 11530500
Sample Medium MEDIM 9 (surface water)
Sample Type . STYPE 9 (regular sample)
Hydrologic (*Hydro™) Event EVENT 9 (routine sample)
Hydrologic (“Hydro") Condition HSTAT 9 (stable stage)
Date (year/monttvday) _ DATES 20070909
Time (standard 24-hour clock time) TIMES 1530 hrs
Analysis Status ASTAT H (initial entry)
Analysis Source ASRCE 9 (USGS laboratory
and field)
INumerous additional datafields are availablein NWIS that can be useful for data analysis or mandatory
for meeting study objectives; for example, indicating whether a non-USGS agency collected the data.
2Modified from Ground-Water Site Inventory Schedule Form 9-1904-A, Revised June 2004, NWIS 4.4.
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41.1.B Field Folders

Information that is needed for reference while working at a surface-water
siteiskeptinafield folder. Thefield folder istaken along on each sampling
trip. It includes al the information necessary for efficient field operations;
for example, directions to and description of the site, safety precautions
relevant to the site, and the specifics for sample collection and processing
at the site. General contents of the field folder are listed on the field-folder

checklist (fig. 4-2), but the folder should be customized according to study
needs.
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Field-folder checklist: surface-water quality

v Item Comments

Station description:
« Location of gaging station (if oneis present).
« Location of sample-collection sites: high and low streamflows.
 Hydrologic and geologic sections.
« Name of landowner, tenant, or other responsible party.
« Site accessinstructions (for example, call owner or site operator before
arrival at site, obtain key to unlock security gate).
« Photographs to document site conditions.

Mapsto site (State and local)

Profiles of cross section of stream channel at sampling location(s).
« Stream-bottom geometry.
« Physical and chemica measurements.

Safety information (NFM 9):
* Nearest emergency facilities.
« Phone numbers (home) of study chief or supervisor.
« Traffic condition and traffic plan showing where to park,
placement of flags and cones.
« Location of power lines.
» Environmental hazards, such as weather and animals.

Sampling schedule:
« Laboratory analyses to be requested and associated codes.
« When to collect samples (high or low flow).

Bottle types needed for each analytical schedule.

Analytical Services Request form(s) and example of a completed form.

Sampling instructions:
» Cumulative-discharge curves at about 10-, 50-, and 90-percent
duration.
* Velocity cross sections at about 10-, 50-, and 90-percent duration.
 Equipment to use at various flows.
 Flow-duration curve.
« Discharge rating curves and (or) tables.

Shipping instructions:
* Amount of iceto use.
» Mailing labels to and from laboratory.
« Location of nearest post office or shipping agent.

Surface-water field form and an example of completed form.

A tabulation sheet for each type of bacteria enumerated at the site (include
example with date of sample, streamflow, volumes filtered, dilutions,
plate counts).

Plots of field-measured data (last 5-10 years of record); if thereis agood
enough relation to show outliers, include:
» Conductivity versus streamflow.
« Conductivity versus akalinity.
» Temperature versus time.

Statistical summary of historical water data:
» Seasonal, maxi mum-minimum val ues.
« Discharge-related maximum-minimum values.

Specia equipment needed to address site-specific conditions:
» Sampling.
 Sefety.

Figure 4-2. Checklist for contents of a field folder for surface-water sampling.
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41.2 SELECTION OF SURFACE-WATER
SAMPLING SITES

The study team is responsible for selecting sampling sites, including
the specific point(s) or transect(s) at which sampleswill be collected.
The guiding principle for site selection is that data can be collected
that accurately represent the intended conditions (such astime of year
and flow rate or stage) of the aqueous system being studied with
respect to study objectives. Generic guidelines for selecting flowing-
water and still-water sites are described in this section.

» Each body of flowing and still surface water has a unique set of
conditions that needs to be identified and considered in the site-
selection process.

» Field personnel must be trained in the correct and current water-
quality data-collection procedures and must exercise judgment
gained from field experience to make site selections.

» Careful and complete documentation of siteinformation and the
data collected must be input to electronic and paper files.

In most bodies of flowing or still water, asingle sampling site or point
isnot adequate to describe the physical propertiesand the distribution
and abundance of chemical constituents or biological communities.
Location, distribution, and number of sampling sites can affect the
quality and applicability of the resulting data.

When selecting surface-water sampling sites:
» Consider the study objectives, types of data and quality of data
needed, equipment needs, and sampling methods.
» Obtain all available historical information.

» Consider physical characteristics of the area, such as size and
shape, land use, tributary and runoff characteristics, geology,
point and nonpoint sources of contamination, hydraulic
conditions, climate, water depth, and fluvial-sediment transport
characteristics.

» Consider chemical and biological characteristics of the area
(aquatic and terrestrial).

» Note the types of equipment that will be needed.
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41.2.A Flowing-Water Sites

Flowing-water sites can refer to streams (fast or slow, intermittent,
ephemeral, or perennial), canals, ditches, and flumes of all sizes and
shapes, or to any other surface feature in which water moves
unidirectionally. All or parts of reservoirs and estuaries that flow
unidirectionally are considered to be flowing water. Determine
latitude and longitude from maps or by land-survey techniques.
Global-positioning system (GPS) equipment is useful to identify
sampling-site location.

Flowing-water sampling sites optimally are located:

» At or near astreamgaging station, to obtain concurrent surface-
water discharge data required for computing constituent-
transport loads and to determine discharge/constituent-
concentration relations. (M easure discharge at time of sampling
if astreamgaging station isnot at or near the sampling site or if
discharge cannot be rated or estimated with sufficient accuracy.)

» In straight reaches having uniform flow, and having a uniform
and stable bottom contour, and where constituents are well-
mixed along the cross section.

» Far enough above and bel ow confluences of streamflow or point
sources of contamination to avoid sampling a cross section
where flows are poorly mixed or not unidirectional.

» Inreaches upstream from bridges or other structures, to avoid
contamination from the structure or from aroad surface.

» Inunidirectional flow that doesnot include eddies. (If eddiesare
present within the channel, sample only the unidirectional flow.)

» At or near atransect in areach where other data are collected
(such as datafor suspended sediment, bedload, bottom material,
or biological material) and (or) for which historical data are
available.

» At across section where samples can be collected at any stage
throughout the period of study, if possible.
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After atentative selection of a sampling site, develop a preliminary
profile of field measurements® at various locations along the cross
section (section4.1.3.A). Final site selection isbased on acomparison
of field measurements with the data requirements of the study.

TECHNICAL NOTE: The preferred sampling method and number
of verticals to be sampled within the stream cross section that
are needed to obtain a sample that is sufficiently representative
depends on stream homogeneity as indicated by the field-
measurement profile and stream-discharge or other data, as well
as by study objectives. Note that the field-measurement profile
is a useful guideline, but might not be representative of chemical
homogeneity for the analytes of interest. Also, it might be
desirable to move to a sampling site upstream or downstream to
adjust for seasonal variation or extreme flow conditions.

The guidelines used for selecting sampling sites on ephemeral and
intermittent streams are the same as those for perennial streams.
Ephemeral and intermittent stream sites need additional planning and
examination to account, for example, for conditionsrelated to rapidly
changing stage and discharge that can occur as aresult of flash
flooding or urban runoff.

CAUTION: Any stream, including an ephemeral
or intermittent stream, can rapidly become too

deep and swift to wade safely.

5The profile of the cross section usually includes field measurements for specific
electrical conductance (conductivity), pH, temperature, dissolved oxygen, and
turbidity.
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Still-Water Sites 4.1.2.B

Still-water sites refer to al sizes and shapes of lakes, reservoirs,
ponds, swamps, marshes, riverine backwaters, or any other body of
surface water where water generally does not move unidirectionally.
All or parts of reservoirs that do not flow unidirectionally could be
considered to be still water.

When locating still-water sampling sites:
» Useinsitu field measurements to help determine vertical and

spatial distribution of sampling locations.

» Avoid areas hear structures such as harbors, boat ramps, piers,
fuel docks, and moored houseboats (to avoid point sources of
contamination), unless these structures are part of the study.

» Select siteswith arecord of historical data, if possible.

SAMPLING AT FLOWING-WATER  4.1.3
AND STILL-WATER SITES

Flowing streamwater is collected using either isokinetic, depth-
integrating or nonisokinetic sampling methods. At flowing-water
sites, collection of an isokinetic, depth-integrated, discharge-
weighted sampleis standard procedure; however, site characteristics,
sampling-equipment limitations, or study objectives constrain how a
sample isto be collected and could necessitate use of other methods.
If the QC plan callsfor collection of concurrent samples, then the
relevant procedures and equipment needs (section 4.3) must be
reviewed before field work begins.
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» Isokinetic, depth-integrating methods (section 4.1.3.A) are
designed to produce a discharge-weighted (velocity-weighted)
sample; that is, each unit of stream discharge is equally
represented in the sample, either by dividing the stream cross
section into intervals of equal width (EWI) or equal discharge
(EDI) (USGS Office of Water Quality Technical Memorandum
99.02).

— The analyte concentrations determined in a discharge-
weighted sample are multiplied by the stream discharge to
obtain the discharge of the analyte.

— If used correctly and the sampleis collected within the limi-
tations of the sampling device being used, the EWI and EDI
methods result in samples that have identical constituent
concentrations.

» Nonisokinetic sampling methods (section 4.1.3.B), such as
those involving use of an automated point sampler, generally do
not result in a discharge-weighted sample unless the stream is
completely mixed laterally and vertically. Thus, the analytical
results cannot be used to directly compute analyte discharges.

Still-water samples generally also are collected at multiple
locations in the water body and at multiple depths (section
4.1.3.C). The probability is small that any body of still water (Iake,
reservoir, pond, lock, storage pooal) is relatively homogeneous with
regard to any water-quality characteristic. Therefore, asingle
sampling point generally is not adequate to describe the physical and
chemical properties of the water body, or the distribution and
abundance of the inhabiting biological community. The number of
sampling locations selected and the depths where samples will be
collected depend on study objectives and the physical, chemical, and
biological characteristics of the water body (Ward and Harr, 1990).

Document the sampling method used on the

appropriate field form for each sample.
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On-site preparations

When arriving at the field site, take the appropriate measures to avoid sample
contamination, such as fumes from traffic or other sources and proper handling
and care of sampling equipment. The selection and care of equipment employed
for isokinetic and nonisokinetic surface-water sampling are described in NFM 2,
while standard USGS eguipment-cleaning procedures are detailed in NFM 3.
Selection, maintenance, and proper cleaning of sampling equipment are of
paramount importance in preventing sample contamination and these protocols
should be carefully reviewed and consistently implemented. Only clean
eguipment should be transported to the field.

Oncefield work has begun, and before samples are collected, the sample-wetted
portions of most of the collection and processing equipment require afield rinse
with native water. Field rinsing helps to condition, or equilibrate, sampling
eguipment to the sample environment. Rinsing also serves to ensure that all
cleaning-solution residues have been removed.

» The Clean Hands team member is responsible for field rinsing the
equipment whenever CH/DH procedures are used.

» Theuse and field-rinsing procedures are summarized below for sampling
devices and for sample-compositing and sample-splitting equipment.
Samples for bacteria analysis are not to be taken from a churn splitter
unless it has been sterilized as described in NFM 7.1.1, and has no meta
partsin the spigot unit.

— Churn splitter: The 14-L churn can be used to split samples with par-
ticle sizes 250 um and suspended-sediment concentrations 1,000 mg/L;
however, splitting accuracy becomes unacceptable for particle sizes
>250 pm and suspended-sediment concentrations >1,000 mg/L. Sam-
ple volumeslessthan 4 L or greater than 13 L cannot be split for
whole-water subsamples. Churn lid requires a covered opening. To
split a sample into subsamples for nonvolatile organic-compound
analyses, use a Teflon-coated churn.

— Cone splitter: Used to process samples with suspended-sediment con-
centrations from 0 to 10,000 mg/L, and to split samples containing sed-
iment particlesranging in size from very fine clay and silt (1 to 10 um)
to sand-size particles (250 um). Samples as small as 250 mL can be
split into 10 equal subsamples. A Teflon cone splitter can be used to
process samples with volume greater than 13 L and samples to be
analyzed for inorganic constituents and nonvol atile organic compounds.
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1
2.

1
2.

3.

To field rinse a bottle sampler or bag sampler:

Put on appropriate disposable, powderless gloves (gloves).

Partially fill and rinse the sampler with the water to be sampled (rinse
water).

e Avoid getting sand in the rinse water.

e To avoid suspended sand particles, collect water for rinsing at the edge of
the stream in an area of low-flow turbidity.

. Shake or swirl and then drain the rinse water from the sampler through the

nozzle.

. For bag sampler s—the bag must be removed from the sampler to properly

discard the final rinse water.

a.  Fill the bottom of the bag with approximately 100 to 200 mL
of sample.

b. Gently pull the bag into atube-like shape and loosely fold over
the top opening.

c. Slosh the sample water back and forth from the bottom to the
top of the bag.

d. Keeping the bag in atube-like shape, hold it horizontally and
rotate it, making sure that the water flows into all of the folds
of the Teflon® bag.

To field rinse a churn splitter:

Put on gloves.

Pour 2 to 4 L of rinse water from the sampler into the churn splitter (churn)
through the top funnel.

Remove the churn from the churn carrier, leaving the outer plastic bag
inside the carrier. Move the churn disk up and down several times to ensure
that the inside of the churn is thoroughly wetted, then swirl the rinse water
vigorously in the churn.

Pierce a hole through the inner plastic bag to expose the churn spigot and
drain the rinse water through the spigot. If sand is present, swirl water vig-
oroudly in the churn, open the plastic bag, and partially lift the churn cover
to pour the rinse water out of the top of the churn. (Draining the rinse water
through the spigot will not adequately remove sand.)

After draining the rinse water from the churn, rotate the churnin the plastic
bag so that the spigot is not exposed. Place the inner plastic bag holding the
churn into an outer plastic bag and place into the churn carrier.
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To field rinse the cone splitter:

1. Put on gloves.

2. Uncover the splitter reservoir and pour or pump 2 to 4 L of rinse water
into the cone-splitter reservoir, one liter at atime.

3. Lightly tap the splitter to dislodge adhering water drops. Discard rinse
water.

4. Cover the splitter.

Isokinetic, Depth-Integrated Sampling 4.1.3.A
Methods at Flowing-Water Sites

Collection of isokinetic, depth-integrated samples involves using either an
equal-width-increment (EWI) or equal-discharge-increment (EDI) sampling
method. The EWI or EDI methods usually result in a composite sampl e that
represents the discharge-wei ghted concentrations of the stream cross section
being sampled.

The EWI and EDI methods are used to divide a selected cross section of a
stream into increments having a specified width. The term vertical refersto
that location within theincrement at which the sasmpler islowered and raised
through the water column.

» EWI verticals are located at the midpoint of each width increment.

» EDI verticalsarelocated at the centroid, a point within each increment
at which stream discharge is equal on either side of the vertical.

If properly implemented, EDI and EWI methods should yield identical
results. The uses and advantages of each method are summarized below and
in table 4-5. Isokinetic samplers usually are used to obtain a discharge-
weighted sample along the stream cross section. When using an isokinetic
sampler there should be no changein velocity (speed and direction) as
the sample entersthe intake (fig. 4-3).
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increment (EDI) sampling methods

Table 4-5. Uses and advantages of equal-width-increment (EWI) and equal-discharge-

EWI method

Advantages of the EWI method

EWI is used when information required to
determinelocations of sampling verticalsfor
the EDI method is not available, and (or) the
stream cross section has relatively uniform
depth and velocity.

Use EWI whenever:

« Thelocation of EDI sampling verticals
changes at the same discharge from one
sampling time to another. This situation
occurs frequently in streams with sand
channels.

« EWI method is easily learned and
implemented for sampling small streams.

» Generaly, lesstimeisrequired onsite if
the EWI method can be used and the
information required to determine locations
of sampling verticals for the EDI method is
not available.

EDI method

Advantages of the EDI method

EDI is used when information required to
determinelocations of sampling verticalsfor
the EDI method is available.

Use EDI whenever:

« Small, nonhomogeneous increments need
to be sampled separately from the rest of the
cross section. The samples from those
verticals can be analyzed separately or
appropriately composited with therest of the
cross-sectional sample. (Have the sampling
scheme approved.)

or

» Flow velocities are less than the isokinetic
transit-rate range requirement. A discharge-
weighted sample can be obtained, but the
sample will not always be isokinetic.

or

* The EWI sampling method cannot be
used. For example, isokinetic samples
cannot be collected because stream
velocities and depths vary so much that the
isokinetic requirements of the sampler are
not met at several sampling verticals.

or
» Stageischanging rapidly. (EDI requires
less sampling time than EWI, provided the
locations of the sampling verticals can be
determined quickly.)

 Fewer increments are necessary, resulting
in a shortened sampling time (provided the
locations of sampling verticals can be
determined quickly and constituents are
adequately mixed in the increment).

» Sampling during rapidly changing stages
isfacilitated by the shorter sampling time.

 Subsamples making up a sample set may
be analyzed separately or may be
proportionally composited with the rest of
the cross-sectional sample.

* Thecross-sectional variation in constituent
discharge can be determined if subsample
bottles are analyzed individually.

* A greater range in velocity and depths can
be sampled isokinetically at a cross section.

» Thetotal composite volume of the sample
is known and can be adjusted before
sampling begins.
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Direction of flow

<|

A. Isokinetic sampling.
When_\/ =Vn,
Vp Intake nozzle then C=Cs.

/4

y

B. Non-isokinetic sampling.
Vi When_\/ > Vn,
then C < Cs.

/

\f

N

C. Non-isokinetic sampling.
v WhenV < Vp,

n 1Y
then C > GCs.

:

EXPLANATION
V  AMBIENT STREAM VELOCITY
V|, VELOCITY INTO THE SAMPLER NOZZLE
C  SEDIMENT CONCENTRATION IN THE STREAM

Cs SAMPLE SEDIMENT CONCENTRATION

Figure 4-3. Relation between intake velocity and sediment concentration for
isokinetic and nonisokinetic collection of water samples that contain particulates
greater than 0.062 millimeters (modified from Edwards and Glysson, 1999, p. 14).

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9






40—COLLECTION OF WATER SAMPLES

» Collect isokinetic, depth-integrated samples by using a standard
depth- and width-integrating method if analysis of a
representative sample from a cross section of flowing water is
reguired for discharge computations. Appendix A4-A and
Edwards and Glysson (1999, figures 39- 43), provide detailed
information about isokinetic, depth-integrating transit rates for
collecting samples.

» For isokinetic sampling, the mean velocity of the vertical that is
sampled must exceed the minimum-velocity requirement of an
i sokinetic sampler—the minimum vel ocity requirementsare 1.5
ft/sfor a bottle sampler, 2 ft/sfor a 1- or 3-liter bag sampler, or
3 ft/sfor a6-liter bag sampler (Appendix A4-A).

— Thetrangit rate (the rate at which the sampler islowered or
raised) used to collect an isokinetic, depth-integrated sample
ismainly afunction of the nozzle diameter of the sampler,
volume of the sampler container, stream velocity, and sam-
pling depth (Appendix A4-A). The maximum allowable
transit rate for a bag sampler is 0.4 multipied by the mean
stream velocity.

— Anerror in concentrations of suspended particul ates coarser
than 62 mm can be important when the velocity of the sam-
ple entering the nozzle and the stream velocity differ signifi-
cantly. Too fast atransit rate will cause a sampler to
undersample sand-sized particulates (Edwards and Glysson,
1999).

— Thetransit rate must be kept constant during sampler
descent through a vertical and also during sampler ascent
through a vertical.

The number of increments needed in order to get adischarge-weighted
sample at asiteisrelated primarily to data objectives (for example, the
accuracy needed) and how well-mixed or heterogeneous the streamis
with respect to the physical, chemical, and biological characteristics of
the cross section. The recommended number of increments for EWI
and EDI methods are discussed in the sections to follow. Edwards and
Glysson (1999) describe a statistical approach for selecting the number
of increments to be used, based on sampling error and suspended-sedi-
ment characteristics.
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Selecting the number of increments

» Examine the variation in field-measurement values (such as specific
electrical conductance, pH, temperature, and dissolved oxygen) along
the cross section (NFM 6).

» Consider the distribution of streamflow (discharge), suspended-
materials concentration and particle-size distribution, and
concentrations of other targeted analytes along the cross section.
Consider whether the streamflow distribution or analyte concentrations
will change during sample collection.

» Consider thetype of sampler that will be used and the volume of sample
that will have to be collected for the analysis of the target analytes.

» Avoid side-channel eddies. EDI and EWI methods cannot be used at
locations with upstream eddy flow.

& RULE OF THUMB: For isokinetic, depth-integrating sampling, do not
exceed the designated maximum transit rate.

Equal-width-increment (EWI) method
For the EWI sampling method, the stream cross section is divided into a
number of equal-width increments (fig. 4-4). Samples are collected by
lowering and raising asampl er through the water column at the center of each
increment. (This sampling location is referred to as the vertical.) The
combination of the same constant transit rate used to sample at each vertical
and the isokinetic property of the sampler results in a discharge-weighted
sample that is proportional to total streamflow.

» Isokinetic samplingisrequired for the EWI method. Useisokinetic,
depth-integrating sampling equipment (NFM 2.1.1.A).

— Usethe same size sampler container (bottle or bag) and nozzle
at each of the sampling verticals (fig. 4-4).

— Collect samplesusing the sametransit rate at each vertical during
descent and ascent of the sampler. The transit rate must be constant
and within the operational range of the sasmpler (Appendix A4-A).

» Composite the subsamples from al verticalsin a churn splitter or
process subsamples through the cone splitter (NFM 2.2.1 and
NFM 5.1.1).
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Do not use EWI when stream velocities are
less than the minimum velocity required for

the isokinetic sampler selected:
1.5 ft/s for the bottle sampler.

Samples are collected
at the center of
each increment

T

F
F

~sCs
[ )
[ ]

N\

—

EXPLANATION

RT  TRANSIT RATE (transit rate at each
sampling vertical is equal)

W WIDTH (width of each increment
is equal)

V  VOLUME COLLECTED AT EACH VERTICAL
PROPORTIONAL TO THE DISCHARGE
OF EACH INCREMENT

: SAMPLING VERTICAL OF EACH EQUAL-
! WIDTH INCREMENT (SAMPLES
COLLECTED)—The vertical transit rate
relative to sample volume that is proportional
to the stream discharge of each increment

Figure 4-4. Equal-width-increment method for collection of water samples
modified from Edwards and Glysson, 1999).
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Steps for the EWI sampling method

Step 1. Step 2. Select Step 3. Step 4.
Preparefor | — | equal-width | —pm| Select the — Collect
sampling increments transit rate sample
water

| Step5. | | Step 6. Clean |

___>5Pr0055 | - — i equipment |

; samples | (NFM 3) !

, (NFM 5) |

Be sure that the field effort is adequately staffed and equipped. Check QC
reguirements before departing—QC samples require additional equipment
and supplies.

Step 1. Preparefor sampling’

a. Upon arrival at the field site, set out safety equipment such as traffic
cones and signs. Park vehicle in a location and direction so as to
prevent sample contamination from vehicle emissions.

b. Assemble sampling equipment and set up a clean work space.

e Organic compounds. Select equipment with fluorocarbon poly-
mer, glass, or metal components if components will directly con-
tact samples to be analyzed for organic compounds. Do not use
plastics other than fluorocar bon polymers.

e Inorganic constituents. Select equipment with components made
of fluorocarbon polymer or other relatively inert and uncolored
plastics or glassif components will directly contact samplesto be
analyzed for inorganic constituents. Do not use metal or rubber
componentsfor trace-element sampling.

e Microbiological analyses. Collect samples for microbiological
analyses using equipment and techniques described in NFM 7.

"Preparations for water sampling are described in NFM 2 and 3. Consult NFM 5 for
sample processing, NFM 6 for field measurements, NFM 7 for biological indicators,
NFM 8 for bottom-material sampling, and NFM 9 for field safety.
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Step 2. Select the number and width of equal-width increments.

a. Visually inspect the stream from bank to bank and longitudinally,
observing velocity, width, and depth distribution, and apparent
distribution of sediment and aquatic biota along the cross section. Note
and document the location of stagnant water, eddies, backwater, reverse
flows, areas of faster than normal flow, and piers or other features along
the cross section.

b. Determine stream width from a tagline or from distance markings on a
bridge railing or cableway.

c. At siteswith little sampling history, measure and record the cross-
sectional variation of field measurements (such as specific electrical
conductance, pH, temperature, and dissolved oxygen). Review the
magnitude of the variations along the cross section.

d. Determine the width of the increment. To obtain the number of
increments, divide the stream width by the increment width. The
number of increments must be a whole number. Increment width is
based on study objectives, variation in field measurements and flow, and
stream-channel characteristics along the cross section.

e Collect the subsample at the center of each equal-width increment
(the vertical).

e If the subsample does not represent the mean value for that incre-
ment, decrease the increment width until the mean value for the
increment is represented. Thiswill increase the number of incre-
ments sampled.

e. Locatethefirst sampling vertical at adistance of one-half of the selected
increment width from the edge of thewater. Locate all the other verticals
at the center of each remaining equal-width increment along the cross
section.

Example:

e |f astream 56 ft wide has been divided into 14 increments of 4 ft
each, thefirst sampling vertical would be 2 ft from the water’s edge
and subsequent verticals would be at 6, 10, 14 ft from the water’s
edge, and so forth.

e Evenif streamflow isdivided, asin abraided channel, equal-width
increments must beidentical from channel to channel, and the same
constant transit rate must be used at each vertical.

f. Make dight adjustments to sampling locations, if necessary, to avoid
sampling where the flow is affected by a pier or other obstruction.
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TECHNICAL NOTE: Sampling near or downstream from large in-
stream obstructions such as bridges and piers could result in
artificially elevated concentrations of suspended sediments if the
sampler is immersed in an eddy that is caused by the obstruction.
If it is necessary to include an eddy in the cross section to be
sampled, consider treating the eddy as a solid obstruction:
subtract the eddy width from that of the total cross section, and
determine the width of the increments based on the remaining
stream width.

&RULE OF THUMB
When selecting the number of equal-width increments:

* Cross-sectiona width > 5 ft—use a minimum of 10 equal-
width increments

* Cross-sectional width <5 ft—use as many increments as
practical, but equally spaced at a minimum of 3 inches apart.

Equipment limitations also constrain the number of increments
selected; for example:

* When using a 1-L bottle sampler at maximum depth with a
14-L churn splitter, EWI samples can be collected at no more
than 14 to 17 verticals.

« If an 8-L churn splitter is used, samples can be collected at no
more than 10 verticals.

« A cone splitter must be used if the total volume collected will
exceed the recommended volume for the churn splitter.

Step 3. Select thetransit rate.

a. Refer to Appendix A4-A for guidelines for determining the
transit rates for collecting isokinetic, depth-integrated samples.
Unless the mean velocity is actually determined, use the trial-
and-error method to determine the minimum transit rate.

b. Locate the equal-width increment containing the largest
discharge (largest product of depth times velocity) by sounding
for depth and either measuring or estimating velocity. At the
vertical for thisincrement, use of the minimum transit rate results
in the maximum allowable filling of the sampler bottle or bag
during one vertical traverse.
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c. Determinethe minimum transit rate at this vertical for the type of
sampler (bottle or bag), size of sampler nozzle, and the desired
sample volume.

e Approximate the mean velocity of the vertical in feet per
second by timing afloating marker (such as a peanut) as it
travels a known distance. (A known length of flagging tape
tied to the cable where the sampler is attached often is used
to measure the distance.) Divide the distance (in feet) by the
time (in seconds) and multiply by 0.86.

e Makesurethat the transit rate does not exceed the maximum
allowable trangit rate to be used at any of the remaining ver-
ticals along the cross section. This can be determined by
sampling the slowest increment. I f the minimum volume of
sample (relative to depth of the vertical) is not collected
at thisvertical, then the EWI method cannot be used at
this cross section to collect a discharge-weighted sample
(Appendix A4-A).

e Remember that you must keep the transit rate unidirectional,
constant, and within the isokinetic transit range of the sam-
pler when collecting isokinetic samples at each centroid.

Guidelines for selecting the transit rate for EWI sampling

» The descending and ascending transit rate must be constant in each direction and
must be the same for each vertical along the cross section.

» Do not exceed the maximum allowabletransit rateif using EWI. If thetransit
rate must exceed the maximum allowable rate, use EDI instead of EWI.

» Thetransit rate selected must be sufficiently rapid to keep from overfilling the
sampler. The sampler is overfilled when the water surface in the sampler
container is above the bottom edge of the nozzle when the sampler isheld in the
sampling position.

» The same size sampler nozzle and container must be used at all verticals along the
Cross section.

« |f thetotal volume collected will exceed the recommended volume for the churn
splitter, then a cone splitter must be used.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9





COLLECTION OF WATER SAMPLES—47

Step 4. Collect sample water.

The sample-collection procedure is the same whether you are wading
or using the reel-and-cabl e suspension method. When sampling from
a bridge, deploy the sampler from the upstream of the bridge, if
possible, to avoid bridge-related contamination of the sample. Use
CH/DH techniques, asrequired (section 4.0.2). Always follow
safety procedures (NFM 9).

a Moveto thefirst vertical (midpoint of first EWI near edge of
water) and field rinse equipment (section 4.1.3). Collect therinse
water at the edge of the stream in asection of low stream vel ocity
to minimize including suspended sediment.

b. Record start time and gage height.

c. Lower field-rinsed sampler at the predetermined constant transit
rate until slight contact ismade with the streambed. Do not pause
upon contacting the streambed. Rai se the sampler immediately at
the same constant transit rate until sampler completesthe vertical
traverse.

e Take care not to disturb the streambed by bumping the sam-
pler on it; bed material may enter the nozzle, resulting in
erroneous data.

e Do not overfill the sampler container. Overfilling resultsin a
sample that is not isokinetic and that could be enriched with
heavy particul ates because of secondary circulation of water
through the sampler (from nozzle through air exhaust). This
enrichment will result in an artificially increased sediment
concentration and will bias particle-size distribution toward
heavier and larger particulates.

e Do not underfill the sampler container (Appendix A4-A).
Underfilling will result in a sample that is not isokinetically
collected because the maximum transit rate has been
exceeded.

e If the required volume cannot be collected, use the EDI
method to obtain discharge-weighted samples.

d. Inspect each subsample asit is collected, looking for overfilling
or underfilling of the sampler container and (or) the presence of
anomalously large amounts of particulates that might have been
captured because of excessive streambed disturbance during
sample collection. If you note any of these conditions, discard
thesample, making suretherearenoresidual particulates|eft
in the container, and resample.
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e. Move sampling equipment to the next vertical. Maintain the selected
transit rate. The volume of the subsample can vary considerably among
verticals. Subsamples can be collected at several verticals before
emptying the sampler container, as long as the maximum volume of
sample in abottle or bag sampler has not been exceeded. If the
container is overfilled, it is necessary to resample.

TECHNICAL NOTE: The tables in Appendix A4-A apply to the first
complete round-trip transit, starting with an empty sampler container.
These tables cannot be used if the sampler is not emptied between
verticals.

f. Continue to the next vertical until no more samples can be collected
without overfilling the sampler container. Empty the subsampleinto a
field-rinsed churn or cone splitter and repeat sample collection in the
same manner until subsamples have been collected at al the verticals.

If the total volume of the subsamples to be collected will exceed
the operational capacity of the churn, select from the following
options: use asmaller nozzle; or, use a cone splitter; or, usethe
EDI method, if appropriate.

To ensure that all particulates are transferred with the sample,
swirl the subsample gently to keep particul ates suspended and
pour the subsample quickly into the churn or cone splitter.

Sample EWI verticals as many times as necessary to ensure that
an adequate sample volume is collected as required for analysis,
but sample at each vertical an equal number of times. (The
composite cross-sectional samplewill remain proportional to flow
at the time of sampling.)

If flow is stable during sampling, then multiple samples can be
collected at each vertical during asingle traverse along the cross
section. If flow is changing, however, study objectives should
determine whether to collect multiple samples at each vertical
during a single traverse or to collect one sample at each vertical
during multiple traverses along the cross section. Document on
field forms the method used.

g. Record the following information after all samples have been
collected:

Sampling end time.
Ending gage height.

All field observations and any deviations from standard sampling
procedures.
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Step 5. Process Samples = Refer to NFM 5.
Step 6. Clean Equipment = Refer to NFM 3.

e If the sampler will not be reused during afield trip, rinse sam-
pler components with deionized water beforethey dry and place
them into a plastic bag for transporting to the office laboratory
to be cleaned.

e If thesampler will be reused during the field trip, rinse the com-
ponents with DIW while still wet from sampling and then field-
clean while at the sampling site using the prescribed procedures
(NFM 3). Reassembl e the sampler.

e Collect afield blank, if required, after sampling equipment has
been cleaned at the sampling site.

e Placethe cleaned sampler into a plastic bag and seal for trans-
port to the next site.
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Step 1.
Prepare
for -
sampling
-— >

'

Step 2.
Select equal-
discharge
increments

Equal-discharge-increment (EDI) method

The objective of the EDI method is to collect a discharge-weighted
sample that represents the entire flow passing through the cross
section by obtaining a series of samples, each representing equal
volumes of stream discharge. The EDI method requires that flow in
the cross section be divided into increments of equal discharge. Equal-
volume, depth-integrated samples are collected at the centroid of each
of the equal-discharge increments along the cross section (fig. 4-5).
Centroid is defined as that point in the increment at which discharge
isequal on both sides of the point.

Steps for the EDI sampling method

Step 3. Step 4.
Select the Collect
transit sample
rate water

'Step 6. |

{Clean |

 equipment !

{(NFM 3)

Be surethat thefield effort is adequately staffed and equipped. Check
QC requirements before departing—QC samples require additional
equipment and supplies.
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Example: Sampler D95; nozzle size 3/16 inches ID (inside diameter); 1-liter sampler bottle; width, 57 feet; maximum
depth, 12 feet; maximum velocity, 6.1 feet per second (ft/s); width of section containing 20 percent of flow is variable,
5 to 22 feet; 20 percent of flow per section will give 5 sampling verticals; transit rate variable, 0.2 to 0.8 ft/s.

100

80

60

40

CUMULATIVE
PERCENT OF DISCHARGE

20

60

Each bottle 2
should contain
approximately
equal volumes

6.0
10.0

T
1
1
- ]
i '
L5 '
z : -
z ' '
: \\_/E//‘/
g 10 —
1 2 3 4 5
15 —
Sampling Increment Mean Transit rate to
vertical/ centroid from Increment velocity, give 800
bottle Percent left edge of depth, in feet per milliliters, in feet
number discharge water, in feet in feet second per second
1/5 20 14 6 2.5 0.2
2/5 20 28 10 3.0 0.4
3/5 20 38 12 3.1 0.5
4/5 20 45 10 6.1 0.8
5/5 20 51 7 4.8 0.5

Figure 4-5. Equal-discharge-increment method for collection of water samples
(modified from Bruce Ringen, U.S. Geological Survey, written commun., 1978).
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Step 1. Preparefor sampling for inorganic and organic analyte's.8

a. Upon arrival at the field site, set out safety equipment such as
traffic cones and signs. Park vehiclein alocation and direction so
as to prevent sample contamination from vehicle emissions.

b. Assemble equipment needed and set up a clean work space.

e Organic compounds. Select equipment with fluorocarbon
polymer, glass, or metal components if components will
directly contact samples to be analyzed for organic com-
pounds. Do not use plastics other than fluorocarbon poly-
mers.

e Inorganic constituents. Select equipment with components
made of fluorocarbon polymer or other relatively inert and
uncolored plastics or glass if components will directly con-
tact samples to be analyzed for inorganic constituents. Do
not use metal or rubber componentsfor trace-element
sampling.

e Microbiological analyses. Collect samples for microbiol og-
ical analyses using equipment and techniques described in
NFM 7.

Step 2. Select the number and location of equal-discharge
increments.

The number and location of equal-discharge increments should not be
determined arbitrarily. Selection of increments for a sampling siteis
governed by factors described in a, d, and e below.

a. Visually inspect the stream from bank to bank, observing
velocity, width, and depth distribution, as well as apparent
distribution of sediment and aquatic biotaalong the cross section.
Document location of stagnant water, eddies, backwater, reverse
flows, areas of faster than normal flow, and piers or other
obstructions along the cross section.

b. Determine stream width from atagline or from distance markings
on bridge railings or on a cableway.

8Preparationsfor water sampling are described in NFM 2 and 3. Consult NFM 5 for
sample processing, NFM 6 for field measurements, NFM 7 for biological indicators,
NFM 8 for bottom-material sampling, and NFM 9 for field safety.
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c. At siteswith little sampling history—measure, record, and
review the cross-sectional variation of field measurements (for
example, specific electrical conductance, pH, temperature, and
dissolved oxygen).

d. Measure discharge at the cross section to be sampled or use an
existing EDI graph prepared from current or historical discharge
measurements (fig. 4-5) (Edwards and Glysson, 1999). An
existing EDI graph can be one prepared for the site that shows,
for example, cumulative discharge or cumulative percent of
discharge versus stationing.

e. Determine volume of discharge that will be represented in each
EDI, based on data objectives for the study, variation in field
measurements, flow and stream-channel characteristicsalong the
cross section, and volume of sample required for analyses of
target analytes.

f. Divide the cross section into equal-discharge increments.

e When determining the number of increments to be sampled,
keep in mind that the subsample collected at the centroid of
each EDI must represent the mean streamflow measured for
that increment. If mean streamflow for the increment is not
represented, increase the number of increments by decreas-
ing the volume represented by each discharge increment
until the mean streamflow value for the increment is repre-
sented.

e Asaguide, aminimum of 4 sampling increments is recom-
mended; the number of incrementsis usually less than 10.

g. Determine the location of the centroid of flow within each
increment from the discharge measurement by (1) constructing a
curve using cumulative discharge or cumulative percentage of
discharge (fig. 4-5) plotted against cross-section stationing, or (2)
determining EDI locations directly from the discharge
measurement sheet (fig. 4-6; an explanation of this method and
definition of midpoint are described in Edwards and Glysson,
1999). Centroid-of-flow locations al so can be determined from an
EDI graph, as described below and in the TECHNICAL NOTE
that follows the example bel ow.
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Station: 11482500 Redwoed Creek at Orick, CA
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Figure 4-6. Example of discharge-measurement field notes used to determine the equal-
discharge-increment centroid locations based on cumulative discharge and far-midpoint
stationing (from Edwards and Glysson, 1999, p. 45).
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Example:
In this example, each EDI equals 20 percent of discharge.

i. If the stream cross section will be divided into five equal-
discharge increments, divide stream discharge by five to
determine the discharge increment.

ii. Locate the centroid of theinitial EDI where cumulative
discharge equals half the discharge increment (10 percent).
Thisisthe location of the vertical from which the first
subsampleis collected.

iii. Locate each of the remaining centroids (four in this example)
by adding the discharge increment (20 percent) to the
previous centroid discharge (20 + 10 = 30) and determining
where that cumulative discharge occurs along the cross
section.

iv. The EDI centroidswill correspond to locations of 10, 30, 50,
70, and 90 percent of the cumulative discharge along the cross
section. In figure 4-5, these percentages of cumulative
discharges correspond to locations at 14, 28, 38, 45, and 51 ft
from the left edge of the water, whereas in figure 4-6, the
centroid locations of the equal-dischargeincrementsare at 26,
50, 74, 102, and 134 ft.

TECHNICAL NOTE: If the stream channel is stable at the cross
section to be sampled, graphs of cumulative discharge or
percentage cumulative discharge at various stages can be based
on historical discharge measurements. Location of EDI centroids
can be determined from these EDI graphs so that discharge
measurements do not have to be made before each sampling.
Linear interpolation based on discharge can be made between
curves for different discharges on the EDI graphs. EDI graphs
require periodic verification by being compared to recent
discharge measurements.

Step 3. Select the transit rate.

a. Determine the sampling depth and the mean stream velocity at
the centroid of each equal-discharge increment.

b. Determine the transit rate for each centroid that will yield
subsamples with approximately the same volume (within 10
percent) using sampling depth, mean stream velocity, and
information in Appendix A4-A. When compositing subsamples,
the minimum volume for every equal -discharge increment is the
minimum volume for the deepest vertical.
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Guidelines for selecting the transit rate for EDI sampling

* Collect samples of equal volumes at each centroid. Thisisrequired for EDI if the
sample will be composited (fig. 4-5). Generally, transit rates vary from centroid
to centroid in order to collect equal volumes.

» Keep the transit rate unidirectional, constant, and within the isokinetic transit
range of the sampler when collecting isokinetic samples at each centroid.

» Do not exceed the maximum transit rate (Appendix A4-A). The maximum
trangit rate will be exceeded if the minimum sample volume associated with
stream velocity and the selected nozzle and bottle size is not collected.
Exceeding the maximum transit rate will affect the concentration of particulates
> 0.062 millimeters.

>

>

Step 4. Collect sample water.

The procedures are the same whether you are wading or using areel-and-
cable suspension method. Use CH/DH techniques, asrequired (section
4.0.2), and implement safety procedures (NFM 9).

Collect microbiological samples using equipment and techniques
as described in NFM 7.

Collect subsamplesat EDI centroids as many times as hecessary to
ensure collection of sufficient sample volume for analysis. If the
sampleisto be composited, care must be taken to obtain
approximately the same total volume (+ 10 percent) from each EDI
centroid so that the composited cross-sectional sample will be
proportional to flow at the time of sampling.

Stay within the isokinetic transit-rate range of the sampler at each
centroid. If flow velocity is less than the isokinetic transit-rate
range of the sampler, a discharge-weighted sample still can be
obtained by collecting equal volumes at each centroid; however,
this sample will not be isokinetic.

a. Move sampling and support equipment to the centroid of the
first increment to be sampled. Field rinse the sampling
equipment (section 4.1.3). Collect the rinse water at the edge of
the stream in a section of low stream volocity, to minimize
including suspended sediment.

b. Read and record the starting gage height. Record sampling start
time.
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c. Lower the sampler at the predetermined transit rate until slight
contact is made with the streambed.

e Do not pause upon contacting the streambed. Raise the
sampler immediately at a constant transit rate to complete
the vertical traverse. The descending transit rate does not
have to equal the ascending transit rate, but each rate must be
unidirectional, constant, and within the isokinetic transit
range of the sampler.

e Take care not to disturb the streambed with the sampler. Dis-
turbing the streambed could cause bed material to enter the
nozzle, resulting in erroneous data.

e Ensure that the sampler container has not overfilled. Over-
filling will result in enrichment of the sample with heavy
particulates due to secondary circulation of water through
the sampler (from nozzle through air exhaust). This enrich-
ment will result in an artificialy increased sediment concen-
tration and will bias particle-size distribution towards
heavier and larger particulates.

d. Inspect each subsample, looking for overfilling and (or) the
presence of anomal ously large amounts of particul ates that might
have been captured because of excessive streambed disturbance
during sample collection. If you note either or both of these
conditions, discard the sample, making sure there are no residual
particulates left in the container, and resample.

e. Ensure that the sampler container is not underfilled (that the
minimum volume indicated in Appendix A4-A has been
collected). Underfilling will result in a subsample that is not
isokinetically collected—usually because the maximum transit
rate has been exceeded.

f. Depending on study objectives, either process and (or) analyze
the subsample collected at the initial centroid as a separate
sample, composite this subsample with other subsamples
collected along the cross section, or split the subsample for
further processing.

e If thetotal volume of the subsamples that will be collected
will exceed the operational capacity of the churn or cone
splitter, decrease the number of increments or use asmaller
nozzle.

e Ensurethat al particulatesin the sampler bottle or bag are
transferred with the sample by swirling the sample gently to
keep parti culates suspended, and quickly pouring the sample
into the churn or cone splitter.
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g. Move equipment to the next vertical.

e Determinethetransit rate for this vertical. If the subsamples
are composited, the total volume collected at each centroid
must be equal.

e Repeat procedures, steps 4 c-f.

e Repeat this process at the remaining verticals along the cross
section.

h. Record the following information after all samples have been
collected:

e Sampling end time.
e Ending gage height.

e All field observations and any deviations from standard
sampling procedures.

Step 5. Process samples = Refer to NFM 5.

Step 6. Clean equipment — Refer to NFM 3.

e If the sampler will not be reused during afield trip, rinse the
components with deionized water before they dry and place
them into a plastic bag for transport to the office laboratory
to be cleaned.

e If the sampler will be reused during the field trip, rinse the
components with deionized water while still wet from sam-
pling, and then follow the prescribed cleaning procedures
while at the sampling site (NFM 3). Reassembl e the sampler.

e Collect afield blank, if required, after sampling equipment
has been cleaned at the sampling site.

e Place cleaned sampler into a plastic bag and seal for trans-
port to the next site.

Single vertical at centroid-of-flow (VCF) method
Samples may be collected at a single vertical at the centroid of
streamflow if the section is known to be well mixed laterally and
vertically with respect to concentrations of target analytes.

The VCF method for collecting water samplesisidentical to the EDI
method except that there is one centroid of flow for the stream cross
section and therefore only one vertical is sampled.
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EDI and EWI methods are preferred for most USGS field
applications. Do not use VCF unless you know your stream

section to be well mixed with respect to your
target analytes.

Guidelines for using the VCF method:

1. Measure discharge along the cross section where sampling is to be
done. (This is not necessary if the section is stable and accurate
historical discharge measurements are available.)

2. Locate the centroid of flow from the discharge measurement.

e Either (a) construct an EDI graph using cumulative discharge
or cumulative percentage of discharge plotted against cross-
section stationing (for example, in fig. 4-5, the centroid loca-
tion is station 38, which corresponds to 50 percent of cumula-
tive flow), or (b) determine centroid location directly from the
discharge measurement sheet (for example, in fig. 4-6, the cen-
troid location is station 74).

e EDI graphs of cumulative discharge at various stages can be
based on historical discharge measurements if the stream
channel is stable at the cross section to be sampled. The loca-
tion of centroids can be determined from these EDI graphs so
that discharge measurements do not have to be made before
each sampling. EDI graphsrequire periodic verification.

3. Examine the cross section for uniformity of appearance.

4. Measure the cross-sectional variation of field measurements (such
as specific electrical conductance, pH, temperature, and dissolved
oxygen) at sites with little sampling history. Record and review
variations along the cross section.

5. Evaluate data from steps 14 to decide if the VCF method is
appropriate. Use either the EDI or the EWI sampling method if
streamflow, field-measurement, or chemical-analysis data do not
confirm that the stream section is well mixed vertically and
laterally.

6. If the VCF method is used, follow steps 3 and 4 of the instructions
for the EDI method for selecting transit rate and collecting samples.

7. Process samples = Refer to NFM 5.

8. Clean equipment = Refer to NFM 3, and to the information under
Step 6 in either the preceding EDI or EWI methods.
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4.1.3.B Nonisokinetic (Dip, Discrete, and
Pump) Sampling Methods at Flowing-
Water Sites

Most nonisokinetic samplers cannot be used to collect representative
discharge-weighted samples from streams transporting sand-size or
larger particulates. These samplers have important uses for unattended
stream sampling and for sampling to determine constituent occurrence
and distribution, but they have limited value for collecting samples
used to calculate constituent discharge.

Guidelines for nonisokinetic sampling methods

Use nonisokinetic sampling methods when:

 Velocity of flow is so high that an isokinetic sampler cannot be lowered through
the vertical properly and safely.

» Extremelow-flow conditions render use of an isokinetic sampler impractical. For
example, when water depth is equal to or less than that of the unsampled zone or
when stream velocity is |ess than the minimum velocity requirement for an
isokinetic sampler (1.5 ft/s for bottle samplers, 2 ft/s for bag samplers).

« Automatic pumping samplers are needed for specific situations; for example,
time-dependent regulatory monitoring, sampling at remote sites, or sampling of
floods or urban runoff when dischargeis rapidly changing and alarge number of
samples are needed from severa locations within arelatively short time.

« Periods of extreme cold cause the nozzle or air-exhaust vent to freeze, rendering
isokinetic, depth-integrating samplers inoperable.

« Study objectives dictate use of nonisokinetic sampling methods.

Three nonisokinetic sampling methods most commonly used are the
dip (weighted-bottle), discrete, and pump methods. Ward and Harr
(1990) and Edwards and Glysson (1999) provide detailed information
on these sampling methods. General instructions are provided below.
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» Dip sampling method. Dip sampling involves either (1) dipping a
narrow-mouthed bottle into a water body, or (2) using either the
DH-81 or D-95 sampler as described below. To use a DH-81 or D-
95 sampler in a stream with velocity less than 1.5 ft/s, remove the
nozzle from the sampler and proceed to sample the entire vertical.
Thisis especially useful at adeep-water site. When sampling with
ahand-held bottle, stand downstream of the bottle whileit isbeing
filled. Dip sampling is not recommended for discharge-weighted
sampling whenit is possibleto obtain adepth-integrated, i sokinetic
sample. Theerror introduced by dip sampling can be
substantial if the target analytes are sorbed onto suspended
materialsthat are not uniformly distributed along the cross
section. Care must be taken to avoid collecting particulatesthat are
resuspended as the result of wading or bumping the sampler on the
streambed.

— Tocollect adip samplein water that istoo shallow to submerge
an isokinetic, depth-integrating sampler, wade to where the
sample(s) will be collected and immerse a hand-held, narrow-
mouth bottle at the centroid of flow or at multiple locations
along a cross section.

— To collect adip sample where water is too deep to wade and
volocity istoo great for use of an isokinetic sampler: lower a
weighted-bottle sampler at the centroid of flow or at multiple
locations along a cross section.

— Caollecting samplesfor biochemical oxygen demand (BOD) and
volatile organic compounds (VOCs) are special cases of dip
sampling that require special equipment. Instructions for BOD
sampling can be found in NFM 7.0. Instructionsfor VOC
sampling are described at the end of this section 4.1.3.B
under " Instructionsfor collecting VOC samples at flowing-
water sites.”

» Discrete sampling method. Discrete (point) sampling involves
either (1) lowering a sampler to a specified depth and collecting a
sample by first opening, then closing the sampler, or (2) using a
single-stage sampler, which fills when stream stage risesto a
predetermined height.

— Thief-type samplers are the most common point samplers used
for collecting water-quality samples (NFM 2.1.1.B). Although
these samplers are designed primarily to sample still waters,
they can be adapted for slow-flowing water by attaching them
to aweighted line. Samples can be collected at the centroid of
flow or at multiple verticals and at selected depths along the
Cross section.
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— Isokinetic point samplers (for example, the P-61 and P-63
described in Edwards and Glysson, 1999) are available for col-
lecting samples for suspended-sediment concentration and parti-
cle-size determination, and for selected chemical constituents.
The P-61 and P-63 samplersare not suitable for collecting
samplesfor organic-compound or traceinorganic-constitu-
ent analyses.

— Single-stage samplers, such as the U-59 (NFM 2.1.1.B) and
U-73 are useful for collecting samples for analysis of sediment
and selected chemical constituents at stations located on streams
or other locations susceptible to flash floods or where it is other-
wise difficult to reach a station to manually collect samples
(Edwards and Glysson, 1999). Before single-stage samplers can
be installed, some knowledge of the seasonal stage characteris-
tics of the stream is needed so that an appropriate sequence of
samples can be obtained for a given storm season. The stream-
stage and flow-velacity characteristics not only affect the design
with respect to the vertical spacing of the samplers but also the
support necessary for the samplers (Inter-Agency Committee on
Water Resources, Subcommittee on Sedimentation, 1961, "The
Single Stage Sampler for Suspended Sediment,” St. Anthony
Falls Hydraulic Laboratory Report 13). These samplers have not
been certified as appropriate for collection of uncontaminated
trace-element or trace-organic samples.

» Pump-sampling method. Pump sampling involves either suction-
lift or submersible pump systems designed to collect water-quality
samples (NFM 2.1.1.B). Pump systems can be portable or can be
permanently installed and automated for sampling (see
TECHNICAL NOTE below).

— Pump samplers generally are not used to collect isokinetic sam-
ples because of the difficulty in controlling the sample velocity
through the sampler intake relative to the flow rate and direction
of suspended particulatesin the stream.

— Portable-pump samplers generally are used to collect a point
sample by lowering the pump to a selected depth. A suction
pump, such as a peristaltic pump, has a maximum lift of 30 ft or
less. Refer to the manufacturer’s instructions for the lift capaci-
ties of other types of pump samplers.

— A portable pump also can be used to collect a nonisokinetic,
depth-integrated sample by continuous pumping at a constant
rate as the intake is being lowered through the vertical.
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Collection of useful data, especially with the use of automated
pumping samplers, requiresintensive planning and quality assurance,
including careful site selection, selection of the type and construction
material of the sampler, areview of historical hydrologic information,
and collection of an adequate number and types of quality-control
samples. The physical, chemical, and biological characteristics of the
cross section, study objectives, and pump limitations must be
considered when determining how and where to collect samples.

TECHNICAL NOTE: The selection, deployment, use, and
maintenance of automated samplers (auto samplers), such as
those manufactured by ISCO, require training and detailed
instructions that have not been incorporated into this manual;
follow the manufacturer's instructions. Some tips for collecting
autosampler samples appear in the steps below.

Steps for nonisokinetic sampling methods

Srep 1 . Step 2. Step 3.
eparetor > Select > Collect
sampling sampling sample
locations water
| Stepd. | |Step5.
- ; Process | i Clean

. samples | | equipment
\ (NFM 5) { (NFM 3)

Be surethat thefield effort is adequately staffed and equipped. Check
QC requirements before departing—QC samples require additional
equipment and supplies.

Step 1. Prepare for sampling for inorganic and organic analytes.®

a. Upon arrival at the field site, set out safety equipment such as
traffic cones and signs. Park vehiclein alocation and direction so
as to prevent sample contamination from vehicle emissions.

9Preparati ons for water sampling are described in NFM 2 and 3. Consult NFM 5 for
sample processing, NFM 6 for field measurements, NFM 7 for biological indicators,
NFM 8 for bottom-material sampling, and NFM 9 for field safety.
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b. Assemble equipment and set up a clean work space.

e Organic compounds. Select equipment with fluorocarbon
polymer, glass, or metal components if components will
directly contact samples to be analyzed for organic com-
pounds. Do not use plastics unless they are fluorocarbon
polymers.

e Inorganic constituents. Select equipment with components
made of fluorocarbon polymer or other relatively inert and
uncolored plastics or glassif components will directly con-
tact samples to be analyzed for inorganic constituents. Do
not use metal or rubber componentsfor trace-element
sampling.

e Collect samplesto be analyzed for sediment concentration
and (or) particle-size distribution using a separate set of
clean sample bottles. Sediment samples generally are not
field composited.

e Collect samplesfor microbiological analyses using equip-
ment and techniques described in NFM 7.

e Cadlibrate field instruments as described in NFM 6.

Step 2. Select sampling locations.

Review data objectives to ensure they will be met at the sampling
location(s) selected. If discharge-weighted samples are needed and
the stream section iswell mixed with respect to target analytes, locate
multiple sampling points along the cross section using the EDI
method.

a. Measure discharge at the cross section where samples will be
collected.

b. At siteswith very little sampling history, measure the variation
within each field measurement (specific electrical conductance,
pH, temperature, and dissolved oxygen) along the cross section
and review these data.

c. Locate the centroid of flow if distribution of streamflow and the
field-measurement data indicate that the section iswell mixed
(refer to the description of the VCF sampling method at the end
of this section (4.1.3.A)).
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Step 3. Collect sample water.

By applying EDI sampling methods and collecting equal-volume
sampl es at the centroid of each equal-dischargeincrement, asample can
be collected that is discharge-weighted although it is not isokinetic.
Using CH/DH techniques, as required (section 4.0.2):

a. Move sampling and support equipment to the first sampling
location. Field rinse equipment (section 4.1.3).

b. Record starting gage height and sampling start time.
c. To collect anonisokinetic sample with adip or pump sampler:

e If adiscrete sampleisto be collected, lower the dip sampler to
the desired depth, then sample.

e |If avertical traverse is made to collect the sample, do not
pause when contact with the streambed occurs, but raise
the dip sampler immediately until the traverse is compl eted.
Take care not to disturb the streambed with the sampler, as bed
material entering the sampler resultsin erroneous data.

e If apumpisusedto collect asample, lower the pump intake to
the desired depth and pump about three sample-tubing vol-
umes to field rinse sample tubing and then collect the sample.

d. Movetothenext vertical (if morethan onevertical will be sampled
along the cross section).

i. Record the time and repeat sample collection as described in
step 3c above.

ii. Inspect each sample, looking for anomalously large amounts of
parti cul ates that might have been captured because of excessive
streambed disturbance during sample collection. If such a
condition is observed, discard the sample, making sure there
areno residual particulates |eft in the container, and resample.

iili. Depending on data objectives, either composite the samples
collected or set aside each sample to be independently
processed and analyzed.

o |f pumped samples will be composited, pump the samples
directly into the churn splitter.

« |f transferring the subsample to a churn or cone splitter,
ensure that all particulates in the sampler are transferred with
the sample by swirling the sample gently to keep particulates
suspended and pouring the sample quickly into a sample
splitter.
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e. After all the samples have been collected:

Record sampling end time and gage height.

For automated samplers: record beginning and ending dates
and times for the sampling period. Retrieve samples from
automated pumping samplers at the earliest possible timeto
reduce the chance of chemical or biological ateration of the
sample. (Automatic samplerswith refrigeration are available
to help maintain sample integrity.) Samples collected by
automatic samplers often are combined as a composite sam-
ple.

Document all field observations and any deviations from
standard sampling procedures.

Step 4. Process samples = Refer to NFM 5.

Step 5. Clean equipment = Refer to NFM 3.

If the sampler will not be reused during afield trip, rinse the
sampler components with deionized water before they dry
and place them in aplastic bag for transport to the office lab-
oratory to be cleaned.

If the sampler will be reused during the field trip, rinse the
components with DIW while still wet from sampling and
then field-clean while at the sampling site using the pre-
scribed procedures. Reassemble the sampler.

Collect afield blank, if required, after sampling equipment
has been cleaned at the sampling site.

Place the cleaned sampler into a plastic bag and seal for
transport to the next site.

Instructions for collecting VOC samples at flowing-water sites:

Samples for analysis of volatile organic compounds (VOCs) are
collected as asingle-vertical point sample in aflowing stream. The
VOC sampler should be deployed where the stream velocity
representsthe average flow, which typically isnear mid-channel inthe
cross section. When collecting samples for VOC analyses, special
care must be taken to avoid contamination from any oily film and
debris floating on the stream surface.
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1. VOC samples are collected directly into laboratory-
supplied prebaked 40-mL amber-glass vials. If the
stream is deep enough, use the VOC sampler described
inNFM 2.1.1.B (fig. 2-2). If the sampler will not be used,
skip to step 7.

a. Do not clean or field rinsethe glass VOC vials - these are
supplied by the laboratory ready to use.

b. The VOC sampler must be cleaned after each use and field
rinsed before use. To field rinse the sampler, either
submergeit in the stream for several minutes or dowse it
threetimeswith native water beforeinserting the VOC
vials.

2. Change gloves. In an area protected from any direct
source of contamination (preferably within a sample-
processing chamber), uncap four 40-mL unlabeled VOC
vials and place them into the VOC sampler. Secure and
lock the sampler top in position. Store the vial capsin a
clean, protected area.

3. Lower the sampler into the stream near mid-channel to
about one half of the total depth at that vertical. Add
weights to the sampler if the stream velocity is great
enough to pull the sampler downstream. Use weights
made of steel or other noncontaminating material; do not
use lead weights.

4. Hold the sampler in one position until the sampler isfull.
Air bubbles will rise to the surface while the sampler is
being filled, but may be difficult to see. This takes about
3 to 4 minutes. The sample will be retained in the vials
during the last 15 to 20 seconds of sampling.

5. Remove the sampler when bubbles are no longer present
or after about 5 minutes, and return it to the sample-
processing chamber or other protected area.

6. Open the sampler carefully. Using metal tongs, slowly
lift each vial from the sampler reservoir. Do this
carefully to avoid losing the convex meniscus on each
vial.
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7. To collect a VOC sample without the sampler:
Wearing gloves, submerge a capped VOC vial into the
stream section; remove the cap underwater, let the vial
fill to overflowing, and then firmly recap the vial
underwater. Repeat thisfor each of the VOC vials. Check
each vial for bubbles, as described in step 8.

8. Quickly cap the vial, then shake it. Invert, and check
carefully for air bubbles. Discard the entire vial if
bubbles are present. Three vialsfrom the sampler set are
required for one complete sample. Resample if two or
more of the vials have air bubbles. If the sampleisto be
preserved with chemical treatment, refer to the
procedure described in NFM 5.

9. Dry and label the sample vias. Place each via into a
foam sleeve, and store on ice for transport to the
laboratory.

10. Clean the sampler and store it properly (see 4.0.2,
"Preventing sample contamination™).

4.1.3.C Guidelines for Sampling at
Still-Water Sites

In still water, samples generally are collected at multiple sites and at
multiple depths. The number of sampling sites and the depths where
samples will be collected should be dictated by study objectives and
the physical, chemical, and biological characteristics of the water
body (Ward and Harr, 1990).

Thief-type samplers usually are used to collect still-water samples;
however, pumping samplers also can be used. A disadvantage of
collecting a sample by pumping is that if athin stratum of water is
being sampled, water can move radially from unknown depths and
distances into the pump.

» Samples must be collected at a known depth.

» Sampleintegrity must be maintained to the degree possible
while samples are being brought to the surface for further
processing.
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Steps for sampling at still-water sites

Step 1. Step 2. Step 3. Step 4.
Prepare Locate Select Collect
for sampling ’ sampling ’ sample
sampling site depths water
| Step5. | (Step6. |
_ _ i Process | _ _ _p iClean
} samples | | equipment |
| (NFM 5) | {(NFM 3) |

..........................

Be sure that the field effort is adequately staffed and equipped. Check QC
requirements before departing—QC sampl es require additional equipment
and supplies.

Step 1. Prepare for sampling of inorganic and organic analytes.'©

a. Upon arrival at the field site, set out safety equipment such as traffic
cones and signs. Park vehicle so as to prevent sample contamination
from emissions.

b. Assemble equipment and set up a clean work space.

e Organic compounds. Select equipment with fluorocarbon poly-
mer, glass, or metal components if components will directly con-
tact samples to be analyzed for organic compounds. Do not use
plastics other than fluorocarbon polymers.

e Inorganic constituents. Select equipment with components
made of fluorocarbon polymer or other relatively inert and uncol-
ored plastics or glassif components will directly contact samples
to be analyzed for inorganic constituents. Do not use metal or
rubber componentsfor trace-element sampling.

e Microbiological analyses. Collect microbiological samplesusing
equipment and techniques described in NFM 7.

Step 2. Locate sampling site.

a. Locate the first sampling point and maintain a sampling platform
position at the site.

b. Record depth to bottom.

1Opreparationsfor water sampling are described in NFM 2 and 3. Consult NFM 5 for sample
processing, NFM 6 for field measurements, NFM 7 for biological indicators, NFM 8 for
bottom-material sampling, and NFM 9 for field safety.
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Step 3. Select sampling depths.

a. Make field measurements (such as specific electrical conductance, pH,
temperature, and dissolved oxygen) in situ to obtain a vertical profile
of field-measurement variation.

b. Measure light penetration (if applicable).

c. Select and record sampling depth(s) based on study objectives and the
variation in field measurements for the vertical.

Step 4. Collect samples.

Field rinse sampling equipment first (section 4.1.3). Collect samples by
using the procedures listed below under Step 4A for a thief-type sampler
and under Step 4B for a pump sampler.

Step 4A. Thief-type sampler.

The instructions listed below are for samplers that operate with an
open/close mechanism. If the sampler operates as a point-source
bailer, follow steps aand ¢ through g below. Pulling the bailer up will
trigger the upper check valve to seal off the sample from the water
overlying the targeted depth.

a. Lower opened sampler to the desired depth while minimizing
disturbance of the water column.

b. Isolate the sample by activating the mechanism that closes the
sampler.
c. Raisethe sampler from the water body.

d. Dispense sample to sample bottle or compositing/splitting device
using CH/DH techniques.

e If using abailer, drain sample through the bottom-emptying
device.

e If sample compositing and (or) splitting is required, ensure that
all particulatesin the sampler are transferred with the sample by
swirling the sample gently to keep particulates suspended and
pouring the sample quickly into the churn or cone splitter.

e. Repeat steps athrough d if more sample is needed from the same
depth for that vertical section.
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f. Repeat stepsathrough e for each depth to be sampled in that
vertical section. If a second sample from a different depth or
vertical section will be composited, either (1) clean and field
rinse the splitter after processing the first sample and before
collecting the second sample, or (2) use another clean splitter.

g. Moveto the next site if another vertical section will be
sampled. Repeat steps athrough f.

Step 4B. Pump sampler.

a. Lower the pump or pump-sample tubing (attached to a
weighted line) to the desired sampling depth.

b. Turn on the pump and pump about three sample-tubing
volumes to field rinse the pump, tubing, and other sample-
collection or -processing equipment. Discard rinse water.

c. Direct sample flow into collection container(s) until
sufficient sample volume has been collected.

d. Repeat Step 4B, steps athrough c, if another depth and (or)
vertical section isto be sampled. If a second sample from a
different depth or vertical section will be composited, either
() clean and field rinse the splitter after processing the first
sample and before collecting the second sample, or (2) use
another clean splitter.

Step 5. Process samples = Refer to NFM 5.

Step 6. Clean equipment = Refer to NFM 3.

e If thesampler will not be reused during afield trip, rinse the
sampler components with deionized water (DIW) before
they dry and place them in a plastic bag for transporting
back to the office laboratory to be cleaned.

e |f the sampler will be reused during the field trip, rinse the
components with DIW while still wet from sampling and
then field-clean while at the sampling site using the pre-
scribed procedures. Reassemble the sampler.

e Coallect afield blank, if required, after sampling equipment
has been cleaned at the sampling site.

e Place the cleaned sampler into a plastic bag and seal for
transport to the next site.
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GROUND-WATER SAMPLING 4.2

Collecting samples of ground water that accurately represent aquifer
conditions requires sampling at appropriate wells and using
equipment and methods that maintain the integrity of the sample with
respect to the physical, chemical, and biological characteristics of
interest. This section provides guidance and protocols for (a) site
reconnaissance and establishing site files, (b) avoiding collection of
bad data, and (c) ground-water withdrawal up to the point of bottling
or processing the sample. USGS procedures for collecting raw or
filtered ground-water samples into bottles, sample preservation, and
other sample-processing and handling activities are addressed in
Chapter A5 (NFM 5), “Processing of Water Samples.” Because
ground-water sample collection is a continuous process, the
information in this chapter overlaps somewhat with that of NFM 5.

For USGS studies, ground-water samples typically are collected either
at monitor wells or at public or domestic water-supply wells.'?

» Monitor wells are observation wells'? that are installed
principally for the collection of water samples to assess the
physical, chemical, and biological characteristics of formation
(aguifer) water. Samplesfrom monitor wellsare collected either
with portable, low-capacity pumps or with other types of
sampling devices designed for water-quality work. Sampling
devices can be dedicated for use at a given well or can be
installed in the well for the duration of the monitoring effort.
(The terms “monitor well” and “monitoring well” are used
interchangeably in this field manual.)

1 Ground-water samples collected using passive or natural -gradient methods or direct-
push or cone penetrometer systems are not addressed in this chapter.

20pservation wells are wells or piezometers that are installed (usually without a
dedicated pump) for the purpose of collecting hydrologic data. The term generally has
been applied to wellsinstalled to observe and determine hydrologic characteristics of
an aquifer (Lapham and others, 1997).
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» Water-supply wells are wellsthat are installed primarily for
supply of public, domestic, irrigation, commercial, or industrial
water and usually are equipped with a dedicated high-capacity
pump. Pumpsinstalled in supply wells generally deliver alarge
volume of water that is subsampled for water quality. (Although
the guidance in this manual focuses on sampling at public or
domestic supply wells, similar principles and procedures apply
when sampling at irrigation, commercial, or industrial wells,
with the caveat that additional safety precautions need to be
identified and implemented and equipment requirements
reviewed.) Note that supply-well construction materials and
methods and the pumps installed can have long-lasting effects
on the chemistry of water entering the well from the aquifer
(Lapham and others, 1997).

421 SITE INVENTORY AND SITE FILES

Information about the well and field site is compiled in the office and
during site-reconnaissance visits. The information compiled is used
by study personnel to help determine site suitability for conducting
sampling activities. Site files are then established in the USGS
National Water Information System (NWIS) electronic data base!®
and the information compiled is entered into NWIS and is used to
create afilefor usein thefield.

I3NWISiis the public portal to USGS water resources data (Hubbard, 1992; USGS
Water Resources policy memorandum 92.59). NWISWeb displays real-time water-
level data (http://waterdata.usgs.gov/nwis/gw), and real-time water-quality data for
selected wells (http://waterdata.usgs.gov/nwis/qw) (website accessed June 2, 2006).
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Siteinventory — In an office inventory, the study team identifies
existing wells or candidate sites at which to install wells, examines
well-construction records, and compiles additional background
information and site or well records. The field evaluation, or site
reconnaissance, is used to verify well location, select or reject
candidate well(s), determine the suitability of the site to meet study
objectives, and become aware of equipment or other requirements
needed to address specific site conditions (table 4-6). Site-
reconnaissance visits also are used to identify areas of ground-water
recharge and discharge; test field equipment; test well-purging and
sampling procedures; conduct aquifer tests, make preliminary field
measurements (see NFM 6); and identify the presence of target
analytes, sources of contamination, and potential matrix
interferences.

When conducting siteinventories:
» Befamiliar with study objectives and requirements for data

collection and quality.

» Befamiliar with the considerations for well selection and (or)
installation (table 4-6).

» Beadlert to changes over time that might affect the suitability of
the well to meet study needs.

» Keepin mind the primary criteriafor all water-quality studies:

— The sample must represent the system, in time and space,
intended for study.

— Sampleintegrity must be maintained.

Review safety plans and procedures

before leaving for the field (NFM 9).
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Table 4-6. Example of ground-water site-inventory activities

Before the site visit

Review considerations for well selection and installation (section 4.2.2; Lapham and others,
1997).

Review background information collected.

Obtain permission to gain access to the site and to collect samples from the well.

Update well files: record changes in ownership and land use.

Contact utility companies (gas, water, and electric) before digging or drilling.

Determine whether the pump may or may not be removed from the well by field personnel
(removal is not recommended, as personal safety could be compromised). The owner’s per-
mission isrequired to remove a pump—you could be liable for damage to pump or well.

Be sure that you get information needed about the site that could interfere with or interrupt sam-
pling. For example,
« Hours of pump operation and scheduled downtime.
* Pumping rate or rates.
« Holding tanks or chemical treatments.
« Electrical serviceto the site.
« Scheduled maintenance for pumps or related equipment.
« Scheduled site maintenance, such as painting, construction, and defoliation.
« Seasona water-level declines that make the well unusable.
« Times of denied access; for example, no access while the owner is out of town.
* Special site-access needs; for example, clearance with asite owner or site operator, keysto
unlock accessto the site, animals.
* Restrictions on the location.

Before and during the site visit

Record conditions that could compromise study objectives, including potential point or non-
point sources of contamination. For example,

« Nearby wells that could affect well hydraulics.

« Condition of well—for example, rusting or punctured casing, poor surface seal.

« Has the well been adequately developed? Could well-devel opment artifacts compromise
sample integrity?

« Land use and land cover or changesin land use and land cover.

» Application of salt on nearby roads during winter, or application or use of herbicides and
pesticides.

« Landfills or other waste-management facilities.

« Industrial, commercial, and agricultural complexes and discharges.

During the site visit

Measure water level in each well. Record water-level measurements on the appropriate field
form(s), and into the Ground-Weater Site Inventory (GWSI) and Quality of Water Data
(QWDATA) data bases.

Identify potential difficulties with the type of equipment and sample-collection methodology to
be used. (Note that sampling plans will have to be modified accordingly.)

Update field folders.
« Note site conditions that could affect the quality of data collected from that well.
* Note change(s) in land use.

Verify well identification number and make sure that it is clearly and permanently labeled.
 Check that identification corresponds with what isin the field folder and on site and
location maps.
« Correct any mistakes or uncertainty about well identification and well location.
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Table 4-6. Example of ground-water site-inventory activities—Continued

During the site visit—Continued

Verify type of pump, well diameter, and use of holding tanks, pressure tanks, chemical treat-
ments.
* Check whether oil is floating on the water column in awell equipped with an oil-
lubricated pump.
» Make sure that the downhole treatment system is turned off before collecting water
samples.
* Determine if the intended sampling deviceis suitable for use.
Establish optimum pumping rate(s) for purging and sample collection and decide where to route
excess discharge.
 Adjust pumping rate to ensure adeguate purging of the well without entrainment of atmo-
spheric gases due to excessive drawdown.
 Route water away from the well to prevent (1) creating muddy and slippery conditions and
(2) damage to or defacement of the property to which you were granted access.

Check that well structure isintact.
» Wells used for ground-water studies should be "sounded" annually to check whether depth

to bottom corresponds with well-construction information or whether the well isfilling
with loose materials (U.S. Geological Survey, 1980; Lapham and others, 1997). A
decrease in depth to bottom could indicate that the well casing is collapsing, or that
there is abreach or corrosion of well screen or casing, or that the well isimproperly
designed to retain aquifer materials.

« Borehole caliper and downhole-camera video logs can identify a damaged or broken well
casing. A downhole camera can identify a plugged screen or accumulation of sediment
in the well.

» Aquifer tests, such as slug tests, can be used to check the hydraulic connection between the
well and the aquifer. Aquifer tests, however, are generally beyond the scope of site
reconnai ssance.

* The surface seal of a USGS monitoring well should be intact and the well should be

ped. Concrete pad should be repaired if cracked or separated from outer casing. A
tight-fitting well cap should have a small ventilation hole.

Check well access for sample-collection points.

» Sample-collection points need to be near the wellhead, ahead of where water enters pres-
sure tanks, holding tanks, or treatment systems.

» At wells where an access point close to the well is not available, it might be possible to
install ahose bibb or tap at the wellhead. Becauseit usually is not possible to control the
pumping rate of a supply well, the field person may need to set up a hose-and-valve sys-
tem to control the rate at which water is sampled and to reduce the likelihood of back-

flow of water stored in plumbing lines.

Check well access for water-level measurements. The construction of some supply wells makes
water-level measurements difficult or impossible.

« Although it is often possible to slip aweighted steel or electric well tape below the pump
to get a water-level measurement, the pump can be damaged if the weight or tape
becomes entangled in the pump. The weight should be attached so that it will snap off of
the tape under stress.

» Water levels can be estimated through the air line on some wells.

» Sometimes field personnel are permitted to remove the pump from the well to get a mea-
surement; however, pump removal can be difficult and time consuming, is potentially
unsafe, and could damage the pump.

* A note should be made in the well fileif there is no access for a depth measurement.
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NWI S files— USGS policy requires that specific information collected for
each ground-water sampling site and event will be stored in one or more sub-
systems of NWIS (USGS Office of Water Quality (OWQ)/Office of Ground
Water (OGW) Technical Memorandum 2006.01). In addition, paper docu-
ments (such as agreements between the well owner and the USGS for well
use, access, or construction), field forms and logs, and any ancillary informa-
tion that is collected are stored in well files and field folders (USGS Office of
Ground Water Technical Memorandum 2003.03). Much of the information
needed to set up files for existing wells can be obtained from well owners,
drillers, records from state or local jurisdictions, and well-construction logs.
Information needed to set up well files for new wellsis compiled by field per-
sonnel as part of their responsibilities associated with well installation
(Lapham and others, 1997).

» NWIS—Within the NWIS system, well information, ground-water
levels, and water-quality data are stored in three subsystems: the
Ground-Water Site Inventory (GWSI), Quality of Water Data
(QWDATA), and the Automatic Data Processing System (ADAPS).
Individual studies and USGS Water Science Center offices may have
additional data-storage requirements.

— GWS primarily contains (1) descriptive information about the site
and well, (2) construction information, and (3) noncontinuous
water-level data. A GWSI sitefile (table 4-7) must be established
for each well at which water-level and other data are collected
(table 4-7) (Hoopes, 2004; USGS OWQ/OGW Technical
Memorandum 2006.01). When creating or updating a GWSI site-
file record, field personnel should fill in as much information asis
available in addition to the required information. For example, the
GUNIT (geologic unit) code provides important information for
interpretation of ground-water data.

— QWNDATA contains (1) results of field and laboratory water-quality
sample analyses and measurements, (2) non-continuous water-level
data, and (3) other datarelated to water-quality samples or sample
analyses (Gellenbeck, 2005). A subset of the information entered
into GWSI is entered into QWDATA, as appropriate to meet the
needs of the study (USGS OWQ/OGW Technical Memorandum
2006.01).

— ADAPS contains continuous records of water levels and water
quality (Bartholoma, 2003).
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» Field Folder — Thefield folder contains information that is
necessary or useful to have onsite during the field effort, and
includes awell file for the well at which data will be collected
(fig. 4-7).

— A wdl fileis established for each well selected or installed
for the study. The well file is the repository of the informa-
tion compiled for the well, and it should contain documenta
tion for site selection, well inventory, well installation, and
sample collection.

— Thefield folder (fig. 4-8) istaken along on each site visit
and includes site-location maps and a site sketch (fig. 4-9).
Files taken to the field should not contain original data
records.

To prepare location maps and site sketches:

1. Locatethe ground-water sitein thefield on an aerial photo-
graph, or atown plat/lot number map. Transfer thelocation
of the site to a USGS 7.5 minute topographic quadrangle
map.

2. Determine the ground-water site latitude and longitude to
the nearest second using a USGS 7.5 minute latitude-
longitude scale or adigitizer or Global Positioning System
(GPS), and record the latitude and longitude accuracy as
one second.

3. Prepare adetailed sketch map. Orient the ground-water site
on the sketch map relative to north using a compass. The
sketch map should contain enough detail so that the site
can be found again by a person who has never visited it.
All distances should be made in feet from permanent land-
marks, such as buildings, bridges, culverts, road centerline,
and road intersection.

©RULE OF THUMB:
* Before starting field work make surethe sitefileis established
in NWIS.
» Keep field files current.
* After field work, update NWIS promptly.
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Table 4-7. Minimum information required for electronic storage of site and ground-water-
quality data in the U.S. Geological Survey National Water Information System
[NWIS, National Water Information System; GWSI, Ground-Water Site Inventory; USGS,
U.S. Geological Survey; QWDATA, Quality of Water Data]
Required information for creation of a ground-water
site in NWIS'- 2 (GWSI)
Component (C) Example
Data description number for (Description
data entry into GWSI of code)
Agency code c4 USGS
Station Identification Number C1 394224075340501
(L atitude/longitude/sequence no.)
Station Name C12 KE Be61
Latitude C9 394224
Longitude C10 0753405
Country C41 us
Lat/Long Accuracy c11 S (seconds)
Lat/Long Method C35 M (Map)
Lat/Long Datum C36 NADS83
Time Zone C813 EST
Daylight Savings Time Flag C814 Y (Yes)
USGS Water Science Center/User C6 24 (Maryland)
State c7 10 (Delaware)
County C8 003 (Sussex)
Station Type C802 6 (Well)
Data Reliability C3 C (Field Checked)
Site Type c2 W (Well)
Useof site Cc23 O (Observation)
Required information for storage of sample analyses in the
water-quality subsystem (QWDATA)'
_n Alpha parameter Sample data
patalescuption code (Description of code)
Agency code AGNCY USGS
Station Identification Number STAID 394224075340501
Sample Medium MEDIM 6 (ground water)
Sample Type STYPE 2 (blank sample)
Hydrologic (“Hydro”) Event EVENT 9 (routine sample)
Hydrologic (“Hydro”) Condition HSTAT A (not determined)
Date (year/month/day) DATES 20060909
Time (standard 24-hour clock time) TIMES 1530 hrs
Analysis Status ASTAT H (initial entry)
Analysis Source ASRCE 9 (USGS laboratory
and field)
INumerous additional datafields are availablein GWSI and QWDATA that can be useful for
data analysis or mandatory for meeting study objectives; for example, indicating whether an
agency other than the U.S. Geologica Survey collected the data.
2From GWSI Schedule Form 9-1904-A, revised June 2004, NWIS 4.4.
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WELL-FILE CHECKLIST, Page 1 of 2

Project name and identification number:

Latitude-longitude: Sequence number:
Other site or well ID: Station name:
Indicate use of water/site:  Public Supply Irrigation
Domestic Observation
Commercial Monitoring
Industrial Other
Itemin well file Date item filed

Criteriafor well selection or installation

Station Analysis

Station Description

ADR (Automatic Data Recorder) Manuscript

Ground-Water Site Inventory (GWSI) data entered into
National Water Information System (NWIS)

Paper copy of GWSI form (9-1904-A)

Copies of agreement to complete activity (drilling, sampling,
etc.)

List agreements

Copies of field forms and logs:

Well-drilling record

Driller'slog

Lithologic log: Cuttings
Cores

Aquifer tests: (list types)

Geophysical logs: (list types)

Weéll-construction record
Well-development record
Well-maintenance checks: (list types)

Well-location information:

Latitude-longitude, datum, method of determination, and any changes
Well-location map(s)
Site-sketch map
Written description of location
Well-casing elevation (elevation, and method and date of
determination)
Photographs of well and vicinity (with measuring/sampling
points identified)
Land use/land cover form (Lapham and others, 1997)

Figure 4-7. Example of a checklist for a well file.
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WELL-FILE CHECKLIST, Page 2 of 2

Item in well file Dateitem filed

Water-quality records for each sampling event (for example,
purging, field measurements, field forms, sampling history)
and copies of laboratory analyses requested

Water-level measurements - current:

Water-level measurements - historical:

Record of well leveling (survey)

Datum corrections

Pumping schedul e/history

Type of pump in well and location of intake

Description of measuring point for water levels:

Description of collection point for samples from
Supply wells

Monitoring wells
Other information (for example, geologic unit, aguifer name):

Figure 4-7. Example of a checklist for a well file—Continued.
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Field-folder checklist: ground-water quality

v Item Comments

Forms (new forms and (or) examples of completed forms):
 Permission forms—must be signed by proper authority.
« Analytical Services Request form(s).
» Ground-water field form and well-inventory form.

Equipment and supplies checklists.

Field-techniques manuals.

Safety information:
» Nearest emergency facilities; home phone number of supervisor.
« Diagram of where to park, placement of flags and cones.
« Traffic conditions; location of power lines.
 Environmental hazards such as weather and animals.

Site location and description:

» Maps showing location and identification number of well(s).

« Name of landowner, tenant, or other responsible party.

« Site access instructions (call owner; get keys or tools needed for
security gate, well house, well protective casing).

« Photographs and land use/land cover form to document site
conditions.

* Well dimensions and construction logs.

Sampling schedule and instructions:
« Laboratory analyses, codes, and hottle types.
* Preservation requirements, including chilled samples.
« Quality-control samples.
« Location of sampler intake during sample collection.
» Pumping rate for purging and sampling.

Purging instructions:
* Number of well volumes.
« Rate of pumping; containment and discharge of purge water.
« Location of sampler intake during purging.
* Field measurements and stability protocols.
« Previous field-measurement and purge-volume records.
« Discharge of purge water.

Water-level measurements:
« Location of measuring point.
* Previous records from well.

Ancillary information:
» Geologic section(s).
 Hydrologic section(s).
« Borehole geophysical 1ogs.

Shipping instructions:
« Mailing labels; location of nearest post office or shipping agent.
« Ice and holding time requirements.

Figure 4-8. Checklist for contents of a field folder for ground-water sampling.
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Figure 4-9. Example of (4) site- and well-location maps and
(B) well-site sketch.
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B. Example of well-site sketch (with well-site information).

'\ To Locust Grove N
Pennsylvania Railroad
| N [N AN (NN N U "IN N S NN [N N NN (NN N (Y TR T TR M S N N R |
LN N B B | 1 11+ +—&+ &t 11717 1§+7§rr—r—r
House
O |:|House
o Pivot Arm
g — O
S 0 o—
Farm Pivot
Houses Arm
House

peoy

J O Telephone pole and
identification number REA/20/25

OHouse

Example well-location description and information:

Well KEBe61 (latitude: 39°18'03", longitude: 75°55'52") is located
in the Galena 7.5-min quadrangle about 2 miles south of Locust
Grove, MD on Locust Grove/Centerville Road.The well is the
most southern of the three-well cluster on the west side of
Locust Grove Road, just southwest of telephone pole REA/20/25.
This USGS well was installed on 5/5/85, is constructed of 2-inch
diameter PVC, is 50.5 ft deep, and has a steel protective casing
with a USGS lock. Contact property owner at

( )_-__ oneday before sampling.

Figure 4-9. Example of (A) site- and well-location maps and (B) well-site sketch—Continued.
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42.2 CONSIDERATIONS FORCOLLECTING
REPRESENTATIVE SAMPLES AT
WELLS

The study team must ensure that the wells to be sampled will yield sam-
ples that accurately represent the water chemistry of the hydrogeol ogic
system targeted for study. To help prevent data biases that could compro-
mise study objectives, field personnel must be aware of how specific well
characteristics and field activities can affect sample chemistry. These con-
siderations are addressed as follows:

» Table 4-8 summarizes factors that can compromise sample
integrity and general strategies for maintaining the integrity of
ground-water samples. Table 4-9 lists considerations for selection
or installation of wells at which water-quality will be monitored
that relate to the quality or representativeness of the samplesto be
collected.

» Section 4.2.2.A discusses adverse effects on sample chemistry
from introducing air and other fluidsinto the borehole during well
construction, and theimportance of monitoring the communication
of the well with the aquifer for signs of deterioration.

» Section 4.2.2.B describes the effect of pumping rates, well yield,
and aquifer heterogeneity and anisotropy on the sampling effort
and how these factors can limit the types of sample analysesto be
performed.

» Section 4.2.2.C focuses on the vulnerability of ground-water
samples to contamination from atmospheric gases, standing fluids
and bottom detritus in the borehole, and equipment use.
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Some wells might not be suitable for water-quality monitoring. The
ultimate decision asto when and if awell should be sampled restswith
the study or program personnel and depends on the specific sampling
and data-quality requirements of the study. Field personnel need to be
alert to the conditions that might cause a change in the suitability of
the well over time, whether because of well characteristics, land-use
conditions, or other factors. In general, avoid sampling:

» Wellsthat cannot produce a continuously pumped sample or
wells at which water-level recovery takes longer than 24 hours
after being pumped.

» Wellsat which purging will stir up bottom detritus that can bias
analytical results. This often isthe case in wells having 5 ft or
less of water. Any reported interpretations of chemical analyses
when sampling under such conditions must be clearly qualified
and the well conditions documented.

» Wellsat which field measurements have not met stabilization
criteria (section 4.2.3), unless the study sampling and (or)
quality-assurance plans provide for alternative protocols.

» Wellsinwhich thewater column within the sampling interval is
in contact with and mixes with atmospheric gases, unless the
analytes of concern will not be affected.

» Wellsat which the water withdrawn must pass through holding
tanks or chemical treatments.
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Table 4-8. Considerations for maintaining the integrity of ground-water samples

Factors that can compromise sample integrity

» Time. Chemical and microbial reactions that affect target-analyte concentration can be
rapid.

* Loss of pressure. Pressure in ground water can be much greater than atmospheric pressure.
Asthe sampleis brought to land surface, depressurization of the sample can cause changes
in sample chemistry.

« Leaching or sorption. Chemical substances can be leached from or sorbed by the equip-
ment that contacts the sample.

« Exposureto the atmosphere. Atmospheric gases and particul ates that enter the sample can
affect the water chemistry.

» Temperature. Ground-water temperature is often lower than the atmospheric temperature
at land surface. Asthe sampleis brought to land surface, an increase in temperature can
increase chemical reaction rates and microbial activity and cause degassing.

Strategies to maintain sample integrity

 Plan sampling at sitesin a sequence that avoids contamination. Start with pristine sites
or those least contaminated or with lowest concentrations of dissolved solids or target ana-
lytes. End at the site with the highest concentrations of target analytes.

« Clean equipment. Sample only with decontaminated equipment and quality assure the effi-
cacy of the cleaning procedures (collect equipment blanks).

 Purgethewell of standing water. Purge the well to reduce artifacts from well installation
or sampler deployment. If possible, pump at arate that does not overly stress the aquifer,
creating drawdown and mobilizing particulates. Protocols for purging and pumping rate
can depend on well type and study objectives.

« | solate the sample. For example, use packers downhole and processing and preservation
chambers at land surface.

« Avoid temperature changes. Keep sample tubing as short as possible and shaded from
direct sunlight.

« Avoid sample aeration. Filter in-line; use thick, nonpermeable sample tubing; completely
fill filtration assemblies and sample tubing with sample; fill sample bottles from bottom up
to overflowing whenever appropriate; handle anoxic water under an inert gas atmosphere,
if necessary (section 4.2.2.C).

« Collect quality-control samples. Review the analytical results and adjust field procedures,
if necessary, before the next sampling.
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Table 4-9. Considerations for well selection and well installation
[Modified from Lapham and others, 1997]

Well location

« Location conforms to the study’s network design for areal and depth distribution.

* Land-use/land-cover characteristics, if relevant, are consistent with study objectives.
« Siteis accessible for equipment needed for well installation and sample collection.

» Well elevation has been determined.

Hydrogeologic unit(s)

 Hydrogeologic unit(s) that contribute water to the well can be identified.
« Depth and thickness of targeted hydrogeologic unit(s) are known or can be determined.

« Yield of water is adequate for sampling (typically, aminimum of 1 gallon (3.785 liters) per
minute).

Well records, description, design, materials, and structure

« Available records (for example, logs of well drilling, completion, and development) have
sufficient information to meet the criteria established by the study.

* Borehole or casing/screen diameter is adequate for equipment.

* Depth to top and bottom of sample-collection (open or screened) interval is known (to
determine area contributing water to well); well depth and other well-construction and well-
development information is available.

« Length of well screen is proportional to the vertical and areal scale of investigation.

» Well has only one screened or open interval, if possible. (Packers can be used to isolate the
interval of interest, but packers might not completely isolate zones in unconsolidated or
highly fractured aquifers. If packers are used, materials of construction must be compatible
with analytesto be studied.)

« Top of well screen is several feet below mean annual low-water table to reduce chances of
well going dry and to avoid sampling from unsaturated intervals.

* Filter pack is of areasonable length (along interval compared with length of screened or
open interval usually resultsin uncertainty as to location of the source of water to well).

» Well-construction materials do not leach or sorb substances that could alter ambient target-
analyte concentrations.

» Well-structure integrity and communication with the aquifer are sound. (Checks include
annual depth-to-bottom measurements, borehole caliper and downhole-camera video logs,
and aquifer tests.)

Pump type, materials, performance, and location of sampler intake

« Supply wells have water-lubricated turbine pumps rather than oil-lubricated turbine pumps.
(Avoid suction-lift, jet, or gas-contact pumps, especially for analytes affected by pressure
changes, exposure to oxygen, or that partition to a gas phase.)

» Pump and riser-pipe materials do not affect target-analyte concentrations.
« Effects of pumping rate on measurements and analyses have been or will be evaluated.

» Sampler intake is ahead of where water enters treatment systems, pressure tanks, or holding
tanks.
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4.2.2.A Well Construction and Structural Integrity

Lapham and others (1997) describe common well-drilling, well-completion, and
well-devel opment methods and the importance of checking the structural integrity
of thewell periodically. Study personnel should be aware of the effects that well
installation and the potential failure of the well structure can have on the data
being collected.

Effects of well construction

Well-drilling, well-completion, and well-devel opment methods can have long-
range effects on sample chemistry (Lapham and others, 1997). Field personnel
should review the well-construction methods and materials used, in addition to
the length and diameter of the well screen and casing and how the well was
compl eted.

» Circulation in the borehole of air and fluids such as water, bentonite, and
biochemical slurries can infiltrate the aquifer, thereby altering water
chemistry or biochemistry. For example, studies indicate that samples
collected for chlorofluorocarbon (CFC) and sulfur hexafluoride (SFg)

analyses at monitor wellsdrilled in fractured-rock aguifers using air-rotary
methods can be biased for those analyses 12 months or longer after being
drilled (L.N. Plummer, U.S. Geological Survey, written commun., 2006),
although a three-well-volume purge protocol is used (section 4.2.3). Well
development by air injection alsoislikely to bias CFC and SFg analyses and

produce faulty interpretations with respect to ground-water ages (Shapiro,
2002). High-capacity, high-yielding, or frequently pumped supply wellsare
less likely to be affected. Claassen (1982) discusses how mud-rotary
drilling, grouting, and other well-construction practices also can have a
relatively long-lasting effect on major-ion compositions and chemical
properties of ground water, and provides methods by which to analyze these
effects.

» Mixing of waters with different quality can occur in wells with long or
multiple screens because of well-bore flow. On the other hand, wells with
short screens relative to the total thickness of an aquifer might be screened
at intervals that miss major zones of interest, such as zones with high
transmissivity or contamination.
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Selection of the appropriate well design depends on study objectives. For
example, if samples withdrawn from an unconfined aquifer will be analyzed for
volatile organic compounds, dissolved gases, or trace metals, the top of the
screened or open interval should be located far enough below the lowest
anticipated position of the water table (3 ft (~1 m) or more) so that the screened
interval will not be intersected by the water table during drawdown. The purpose
of this design isto avoid gaseous diffusion into the sample from a partially
saturated or open interval. On the other hand, the well might be designed
specifically to screen across the water table to better assess the thickness of oil or
other light non-aqueous phase liquids (LNAPL) floating on the water surface.

Deterioration of the well structure

Theintegrity of the well’s construction can deteriorate or the well can “silt in”
over time. The structural integrity of monitor wells and their hydraulic connection
with the aguifer should be checked at least annually or as described below. Check-
ing well integrity should be scheduled to occur during a nonsampling site visit, if
possible. If the well integrity will be checked during a sampling field trip, do this
only after completing sample collection to avoid stirring up particul ates that could
enter the sample and cause abiasin analysis of trace metals, polychlorobiphenyls
(PCBs), or other analytes that tend to associate with particulate matter.

» Inspect the integrity of the surface casing and seal routinely when visiting
the well.

» Inspect the subsurface casing (this can be done using a borehole
televiewer).

» Note any changes in depth to the bottom of the well; this measurement
should be made annually at wells with recurring water-level or water-
quality data collection. In addition, the well should be tested for hydraulic
connection to the aquifer every 3to 5 years.

» Purge well water laden with particulates until turbidity values return to
background or near-background levels; that is, the final turbidity value
recorded after the well has been properly devel oped. Typically, theturbidity
value measured at a properly constructed and developed well is about 10
turbidity units, although it is common for background turbidity in ground
water to be 5 turbidity units (the threshold for visible turbidity). Turbidity
values that cannot be improved to less than about 25 units after purging or
well redevel opment can indicate failure of thewell structure or that the well
was improperly constructed. If possible, adifferent well should be selected
or anew well installed.
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4.2.2.B Well-Hydraulic and Aquifer
Characteristics

Hydraulic characteristics of the well and the structural and material
properties of the aquifer can impose specific constraints on the sampling
effort and achieving resultsthat can beinterpreted within adefined measure
of quality. These considerations affect the selection of the equipment and
sampling methodsto be used, and ultimately may result in determining that
awell is unsuitable for the intended data-collection effort.

Pumping rate

The pumping-rate capability of a given well-and-pump system isrelated to
well capacity. Compared with pumping ratesat supply wells, pumping rates
at domestic wells are low. Advantages and disadvantages associated with
low- and high-capacity wells are described in Lapham and others (1997).
When reviewing study objectives, consider the effect of the proposed
pumping rate on the aquifer with respect to what the water quality of the
samples to be collected will represent.

» Pumping afew tens of gallons per minute can induce substantial
leakage from confining beds if drawdown is rapid (formation
materials are low-yielding). By contrast, pumping at arate of
thousands of gallons per minute from high-yielding materialsis not
likely to induce such leakage.

» Pumping at a high rate can cause turbulence and thus turbidity in the
water column, resulting in biased data.

» Pumping at alow rate (for example, 1 to 4 gal/min, or 3.8 to about
15 L/min) in deep wells might result in the sample taking several
hoursto reach land surface. A long residence time of water within the
sample tubing may compromise sample integrity.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9





COLLECTION OF WATER SAMPLES—93

» Beawarethat pumping at any rate draws water preferentially
from the most transmissive intervals, whether in fractured rock
or unconsolidated media. Since the wellbore has a much higher
hydraulic conductivity than the formation, the sample collected
represents a flux-weighted average of the various inflow
locations and the location of the pump intake does not affect this
result (A.M. Shapiro, U.S. Geological Survey, written commun.,
2006; Gibs and others, 2000; Reilly and LeBlanc, 1998; Gibs
and others, 1993; Reilly and Gibs, 1993).

» Therate of pumping during purging should remain constant and
be maintained as the pumping rate for sample withdrawal and
collection. Fluctuations in pumping rate affect sample quality
(Gibs and others, 2000).

Low-yield wells

Avyieldof at least 1 gal (3.75 L) per minute without causing drawdown
of about 2 ft or more below the top of the open or screened interval is
recommended for adequate sampling at monitor wells with a diameter
of 2in. or greater (Lapham and others, 1997). Wellsthat yield lessthan
100 mL/min frequently incur substantial drawdown during well purg-
ing. Low-yielding wells, especially those that exhibit slow recovery
or are pumped dry, are not recommended for water-quality sam-
pling. Situations may occur, however, that necessitate use of such
wells.

» Low yield may be afunction of poor well construction. Try to
improve the well yield by redevel oping the well. Mechanical
surging methods commonly produce the best results and avoid
introduction of contaminating fluids; however, such methods
must be employed in a manner to avoid damage to the structure
of the well (Lapham and others, 1997). Pumping or over-
pumping methods usually are not as effective for increasing the
well yield. It is advisable to consult with an experienced and
reputable well driller

» When drawdown occurs acrossthe openinterval, contamination
from atmospheric gases or other inputs can affect subsequent
water chemistry; for example, VOC loss, contamination of
ambient CFC and SFg concentrations, and increase in turbidity.
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» Wellsmust be purged before sampling (see section 4.2.3). After
purging, the water level in the well should recover to
approximately 90 percent of its starting level before sampling
should commence. Inlow-yield wellsthis can take several hours
or longer, requiring potentially multi-day visitsto complete a
three-well-volume purge. The longer the recovery time, the
lower the confidence that the sample to be collected can be
considered representative of ambient aquifer water composition.
Theactual volume of well water purged needsto be documented
if it isless than the standard three-volume protocol.

&RULE OF THUMB:
Do not sample wells at which recovery of water level after
purging to 90 percent exceeds 24 hours.

» Consider whether packers can be used to seal off the interval to
be sampled; in this case, only the isolated interval needs to be
purged. This assumes that the interval selected is sufficiently
transmissive to yield the volume needed of formation water.
CAUTION: installing packerswithin awell screen canresultin
drawing in water from above or (and) below the packed-off
interval through the filter pack in the annular space.

» Weigh several factors when selecting the sampler to withdraw
water from alow-yield well. If possible use alow-volume
submersible pump (for example, a Bennett pump).

— Bailersmay stir up particulate matter and compromise spe-
cific analyses of interest.

— Suction-lift pumps, such as peristaltic pumps, can operate at
avery low pumping rate; however, using negative pressure
to lift the sample can result in loss of volatile analytes.

— Operating variable-speed, electrical submersible pumps at
low flow rates may result in heating of the sample asit flows
around and through the pump; this also can result in sample
degassing and VOC loss, in addition to changes in other
temperature-sensitive analytes.
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Aquifer media with defined paths of preferential
flow

In order to make a relevant interpretation of the sample chemistry, it
is necessary to take into account the aquifer interval or intervals that
yield substantial contributions of water to the well and understand the
hydraulic conditions within the well that result from (a) ambient flow
in the aquifer to the well, and (b) the conditions induced by sampling
(Shapiro, 2002).

» Regardless of the pumpingrate or location of the pump
intake, water will bewithdrawn first from the borehole and only
later in time from the aquifer. The heterogeneity and anisotropy
within the (consolidated or unconsolidated) aquifer interval
being sampled dictates the paths of permeability through which
formation water enters the well.

» Flow dynamicswithin the well must be understood to
determineif and when the water being withdrawn
represents fresh formation water. Differencesin head (from
contributing paths of flow within the aquifer) and differencesin
solution density from these contributing areas of flow will result
in flow within the borehole.
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4.2.2.C Vulnerability of Ground-Water Samples
to Contamination

Because guidance cannot account for every potential threat to data
quality, the responsibility lies with the field personnel to (a) be aware of
the factors that can compromise the quality of the ground-water samples
collected (table 4-8), and (b) use appropriate techniques and strategiesto
minimize and account for biasin the resulting data (section 4.3). The
most common sources of sample contamination result from improperly
cleaned equipment; contact or random particulate input from the
atmosphere; and sample-water contact with hands, fumes, or other
extraneous matter during sample-handling activities (Horowitz and
others, 1994).

» Implement “good field practices’ and collect quality-control
samples (section 4.0).

» Use Clean Hands/Dirty Hands sampling techniques (table 4-3).

» Use equipment-selection and equipment-cleaning procedures that
are described in NFM 2 and NFM 3, respectively.

» Withdraw samplewater in amanner that avoids turbulence, contact
with the atmosphere, and changes in temperature and pressure.

» Avoid sampling at wellsthat have lessthan 5 ft of water column, to
prevent inclusion of detritus from the bottom of the well.

» Asarule, collect, process, and preserve samples within clean,
enclosed chambers.

» Review the results of equipment blanks, field blanks, and other
guality-control (QC) information well in advance of sampling. Use
this information to adjust sampling plans and procedures, or to
otherwise prepare for field work.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9





COLLECTION OF WATER SAMPLES—97

Standing borehole water

The chemical composition of standing water in aboreholeis affected
by well-construction practices, as described above, by contact with
theinitial and overlying air within the borehole, by geochemical and
biochemical processes occurring in the borehole water, and by the
vertical aswell as horizontal borehole flow. Boreholeflow ispartially
afunction of hydraulic head differences within zones of preferential
flow in the aquifer; consequently, water can move up or down
vertically aswell asinto and out of the aguifer horizontally (Shapiro,
2002).

Formation water that is stored in afilter (gravel) pack within the
annular space between the well casing (screen) and aquifer is not
necessarily representative of formation-water chemistry, but can take
onthe mineral signature of gravel materials and can cause achangein
pH values. Assuming that the well has been appropriately devel oped,
the well also should be purged of standing water each time before
samples are withdrawn (see section 4.2.3).

Atmospheric and dissolved gases

Exposure of anoxic or suboxic samplesto the atmosphere can increase
dissolved-oxygen (DO) concentrations to a well above ambient
concentrations, causing bias not only in the DO data but aso in the
results of analyses for particulate and dissolved metals, sulfide,
VOCs, CFCs, SFg, microorganisms, and measurements of pH and
alkalinity. Minimize or isolate the sample from atmospheric contact,
using the following procedures, as appropriate.

» |If pumping, only use pumps that can deliver a smooth,
nonturbulent flow in-line to the sample collection/processing
chamber (NFM 2.1.2). The same pumping technique appliesfor
making field-measurement determinations (NFM 6.2), whether
pumping while using a multi-parameter instrument for in situ
measurements or to deliver the sample to a flowthrough
chamber.
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» Avoid sampling at monitor wellsin which the sampler intakeis
drawing in water that has mixed with the overlying air column.
If sampling at such wells cannot be avoided, samples should not
be collected for analysis of dissolved gases such as VOCs,
CFCs, and SFg. The accuracy of trace-element data from such

samples also may be in question. Check the list of analytes and
data-quality requirements to determine if samples of the
appropriate quality can be acquired.

» Usetransparent sample-delivery tubing. Avoid entraining
bubblesin the tubing by filling it to capacity; if bubbles form,
tap the tubing with a blunt object to dislodge them and move
them out.

» Fill sample containers within a processing chamber.

— An effective bottle-filling method is to insert the discharge
end of clean sample tubing to the bottom of the bottle so that
the sample fills the container from the bottom up to over-
flowing. Cap the bottle quickly. This method is not practical
for every sample type.

— Atmospheric oxygen can be completely removed from the
processing chamber (or glove box) by filling it with a clean,
inert gas, especially one that is heavier than air, such as
argon. Alternatively, good results have been documented by
passing inert gas over the sample bottle opening whilefilling
the bottle or by filling the bottle (and capsulefilter, if used)
with the inert gas beforehand.

To fill a chamber with inert gas:

1. Insert adesiccant pack in-line between the gas tank and
the processing chamber.

2. If using aprocessing chamber, add a“ T” fitting at thetop
to secure the small-diameter gas delivery hose, whichis
then inserted through the chamber cover.

3. Seal the chamber cover closed by twisting and tightly
clipping it or using some other sealing method.

4, Start the flow of inert gas into the chamber.

5. Cut dlits through the top (thisis not needed if using a
glove box) to allow access with gloved hands. Note that

theentry of gasdrivesair out of the chamber through the
dlits.
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Ground-water samples with ambient concentrations of dissolved
gases (for example, methane) should be collected so as to avoid
degassing. Degassing can occur from an increase in water temperature
as the sample is brought to the surface, or because of leaksin the
sampling and pressure system.

» Effervescent waters or samples collected for dissolved-gas
analysis should use a Kemmerer or other sampling device
designed to maintain ambient pressure. Collect CFCs and SFg
samples using the procedures described on the USGS Reston
Chlorofluorocarbon website, http://water.usgs.gov/lab/
(accessed July, 2006).

» Check that all equipment connections and fittings are airtight.

Use of sampling equipment

The type of equipment used for well purging and sample withdrawal
can affect the quality of the sample and how the data are interpreted.
Samples of ground water from monitor wells generally are withdrawn
using a submersible pump, a peristaltic or valveless metering pump,
or a point sampler such as a bailer, thief sampler, or syringe; supply-
well pumps generally are permanently installed and should not be
removed unless absol utely necessary and with the owner’s permission
(NFM 2). Equipment to be used for sampling — the material's of
construction and the manner of operation — must be checked against
thelist of target analytes and the characteristics of the well in order to
determine whether the equipment is appropriate to meet study
requirements. Select and prepare equipment using the guidelines and
protocols described in NFM 2, 3, and 614 and shown on figure 4-10.

» The sample-wetted parts of the equipment must be constructed
of materialsthat will not contaminate the samplewith respect to
target analytes (NFM 2). Collect an equipment blank before
field activities begin to test the suitability of the equipment for
its intended use.

NFM 2, “Equipment selection for water sampling;” NFM 3, “Equipment cleaning
for water sampling;” NFM 6, “Field measurements.”
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All sampling equipment must be cleaned and the efficacy of the
cleaning or decontamination procedures should be confirmed
with analysesfrom quality-control samples (NFM 3). Document
in field notes the cleaning and quality-assurance procedures
used, along with the analytical results for equipment-blank
samples collected to test cleaning procedures.

A flow-splitting manifold (fig. 4-10) constructed of
noncontaminating materials is recommended for directing the
pumped-sample flow to the point of sample collection (usually
a sample-collection or sample—processing chamber).

When setting up a pump system that requires a hydrocarbon-
fueled generator, take note of the wind direction and locate the
generator downwind from the sampling operation.

Pump tubing should be kept as short as possible (to avoid
changes in sample temperature) and should extend directly into
a processing chamber or glove box to avoid sample
contamination from the atmosphere. Set up sample chambers
before beginning sample collection (a flowthrough chamber, if
used for field measurements (NFM 6); and processing and
preservation chambers for sample collection and filtration, and
preservation, respectively).

The sampling device should be conditioned with the well water
before being used to collect samples.
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To condition or field rinse a ground-water sampler:

1. Wearing disposabl e gloves, gently lower the sampler through
the water column in the well to the selected sampling depth
interval. Take care to minimize disturbance in the water
column and minimize disturbance of sediments at the bottom
of the well.

e |If using a pump sampler, field rinsing is accomplished
withwell purging, provided that the well will be purged
with the same equipment to be used for sample with-
drawal. Water should be pumped through the sample
tubing to achieve the equivalent volume of three equip-
ment rinses.

e If using apoint sampler, fill the sasmpler partially with
the water to be sampled; shake or swirl it to cover all
interior parts of the sampler. Drain the rinse water
through the nozzle or bottom-emptying device. Repeat
this procedure three times.

2. Discard or contain the well-water rinsate (including purge
water) as appropriate, to comply with waste-disposal
regulations; thisisespecialy critical if the water isknown
or suspected to contain toxic levels of chemical
substances.

Well-hottom detritus

Incorporating sediment or other detritus from the bottom of the well
into the sample can result in data that do not represent the composition
of native aguifer water. To avoid this:

» Lower the pump or other sampler slowly and smoothly to the
desired point of sample intake; that is, without creating
turbulence and without stirring up bottom detritus.

» Keepthesampler intakefar enough above the bottom of the well
to avoid drawing in bottom detritus.

» Maintain apumping rate that is not so high asto draw in bottom
detritus.
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From the portable pump tubing used for a monitoring
well, or from the garden-hose-threaded connections
for a water-supply well

Extension
line

Sample-collection
chamber

(optional)

-

Manifold J
system

Flowthrough
chamber

RIGID-WALL TEFLON™
TUBING

E QUICK CONNECTION
FIELD SENSORS—
° (flow through chamber):

po Dissolved-oxygen
sensor

T Temperature sensor
pH pH sensor
SC Specific electrical
conductance sensor
@ ANTIBACKSIPHON

THREE-WAY TEFLON™
FLOW VALVE

(modified from Koterba and others, 1995).

é, .

EXPLANATION

(]

Extension
line

To waste-water
drainage

@

To waste-water drainage

FLOW-REGULATING
NEEDLE VALVE
Keep valve either
full on or full off;
do not use valve to
adjust the proportion or
rate of flow.

» FLOW DIRECTION AT

DIFFERENT TIMES:

(1) During initial purge stage

(@) During intermediate

and final stages

(2a) To obtain most field

TBY Turbidity sensor, if available

measurements

(2b) To obtain turbidity samples if sensor

is not available, and at end of purge to
route flow to chamber for collection

Figure 4-10. Example of a manifold used for well purging and sample collection
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WELL PURGING 4.23

Well purging removes standing water from the borehole. The purpose
of purging is to reduce chemical and biochemical artifacts caused by
the materials and practices used for well installation, well
construction, and well development, and by reactions occurring
within an open borehole or annular space between awell casing and
borehole wall.1® Purging also serves to condition the sampling
equipment with well water. The purging process forms a continuum
with that of sample withdrawal. Sample withdrawal is the process by
which sample water istransported for collection and processing, after
the well has been purged.

Standard purge procedure 4.23.A

Asaruleof thumb, the standard USGS purge procedure removes
three or morewell volumes of standing water while monitoringthe
water level and the stabilization of routinefield measurementsasa
function of time, pumping rate, and the volume of water being
removed (figs. 4-11 and 4-12). Routine field meaurementsinclude pH,
temperature, specific electrical conductance, dissolved oxygen, and
turbidity. Inherent in the purge procedure is an assumption that stabili-
zation of field properties indicates that the discharge water represents
ambient formation water. Field personnel should examine this assump-
tion for each well, using their knowledge of the well and aquifer
hydraulics. Review of the purging history, including physical and
chemical data monitored, can save time and help determine how the
well should be purged.

15passive sampling methods may not require purging of the well prior to sample
collection (Vroblesky, 2001; Powell and Puls, 1993; and Ronen and others, 1987).

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9





104

—COLLECTION OF WATER SAMPLES

» When calculating a purge volume for a cased well:

— Include an estimate for the volume of water stored in the
annular space between the casing and borehole wall, using
knowledge of the borehole diameter. It is mandatory to evac-
uate at least one borehole volume (that is, casing volume
plusthat of the annular space), whether that space has been
backfilled with formation materials or with agravel pack.

— Make the calculation of casing volume using the height of
the water column to the bottom of the well, instead of the
water column height to the top of the screen.

» The number of well volumes to be evacuated relies on

confirming the time over which field measurements stabilize,
using knowledge of the well and aquifer hydraulics.

— Tothe extent practical, field personnel should apply an
understanding of the borehole and aquifer hydraulicsfor the
well to determine when the water being withdrawn from the
borehole will likely be dominated by formation water
(Shapiro, 2002; Claassen, 1982).

— Valuesfor field properties are recorded sequentially and at
regular timeintervals. The frequency of these measurements
depends on the purging rate, which in turn is a function of
well depth and diameter, and aquifer transmissivity. Field-
property stabilization should be plotted as a function of a
logarithmic time scale rather than alinear time scale, to best
determine the point at which the contribution of aquifer
water dominates pump discharge (see Shapiro, 2002). Field-
measurement procedures are detailed in NFM 6.

Purging should not cause substantial drawdown in monitor or
supply wellswhen pumping at arateof at least 1 gal (3.75L) per
minute. Ideally, drawdown will be at a steady state, with the
water level remaining above the top of the open or screened
interval.

Use of a borehole packer system or well liner is recommended
for wellsin fractured or low-yield media, to isolate zones of
highest hydraulic conductivity or of particular interest.
Transducers should be installed above and below the packersto
monitor head differences.
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Well volume =V = 0.0408 HD? =___gallons, Well Gallons per
where casing foot of
V isvolume of water in the well, in gallons, diameter (D) casing
D isinside diameter of well, in inches, and (in inches)
H isheight of water column, in feet 10 0.04
15 .09
Purge volume = (n)(V) = gallons, 20 16
where 30 37
n is number of well volumes to be removed 4.0 -gg
i i 45 :
during purging oo s
. . 6.0 147
Q = estimated pumping rate = gallons 8.0 261
per minute 10.0 4.08
12.0 5.88
Approximate purge time = (purge volume)/Q = 24.0 220
pp ae St%g (purg )/Q 0 290
Explanation:

Well volume: Volume of water in a borehole or cased well.

Well volumes: For cased wells, the actual number of well volumes should account for
evacuation of at least one volume of water stored in the annular space between the
casing and borehole wall. This can be estimated from knowledge of the drilled well
diameter.

Approximate purge time: Actual purge time depends also on field-measurement
stabilization (usefig. 4-12).

Figure 4-11. Estimation of purge volume and purge time.
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Date: By:

RECORD OF WELL PURGING

HEIGHT OF WATER COLUMN

SITEID STATION NAME

DEPTH OF WELL

PUMP INTAKE (ft or m below MP): Start End

WELL-PURGING METHOD AND PUMP TY PE (describe):

WATER APPROX.
TIME LEVEL | DRAW- | TEMPER- |CONDUC- oH DISSOLVED | TURBID- PUMPING
below DOWN ATURE TIVITY OXYGEN ITY RATE
*MP LS
HR:MIN | *ftorm *ftorm | ©°Celsius uS/cm standard mg/L el *gpm or
units L/min

L/min, liters per minute.

**Select the appropriate turbidity unit from http://water.usgs.gov/owq/turbidity_codes.xIs.

*Circle the unit used; MP, measuring point; LS, land surface; HR:MIN, hour and minutes; ft, feet; m,
meter; uS/cm, microsiemens per centimeter at 25°C; mg/L, miligrams per liter; gpm, gallons per minute;

in feet; n = number of well volumesto purge.

Well volume =V = 0.0408 HD? = gdlons. Purgevolume= (n)(V) = gdlons.
V = volume of water in well, in gallons; D = inside well diameter, in inches; H = height of water column,

Well volume is 0.16 gallons per foot for a 2-in. casing diameter.

FIELD MEASUREMENT

STABILITY CRITERIA'

pH + 0.1 standard units

Temperature (T) (in degrees Celsius)

+ 0.2°C (thermistor thermometer)
+ 0.5°C (liquid-in-glass thermometer)

Specific electrical conductance (SC) + 5%, for SC < 100 uS/cm
+ 3%, for SC > 100 uS/cm

Dissolved-oxygen concentration (DO) + 0.3 mg/L

Turbidity (TBY)2 + 10%, for turbidity < 100

TAllowable variation between 5 or more sequential field-measurement values.
2Select appropriate TBY unit from http://water.usgs.gov/owg/turbidity _codes.xls

Figure 4-12. Example of a field log for well purging.
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Exceptions to the Standard Purge  4.2.3.B
Procedure

Site characteristics, well characteristics, or study objectives could
reguire modification of the standard purge procedure by changing the
number of well volumes removed or by changing or adding types of
field measurements and analyses. Any modification to the standard
well-purging procedure must be documented. When standard purge
volumes cannot be removed, (1) sufficient water must be withdrawn
from the well to evacuate at least one borehole volume and to field
rinse the sampler and sample tubing—alternatively, flush the pump
and tubing system with the equivalent of three tubing volumes of DIW
and purge the DIW from the tubing with clean nitrogen gas; and (2)
field measurements should be determined before collecting samples, if
possible. A lesser purge volume or other procedures may be modified,
for example, when:

» A supply well to be sampled is being pumped continuously or
daily at regular interval s and long enough to have removed three
casing volumes of water—go directly to monitoring field
properties.

» The sample-collection interval is sealed with packers (the
interval to be sampled should be purged of three volumes).

» Water-level recovery from drawdown to approximately
90 percent of the original volumein the well cannot be achieved
within a reasonable timeframe (not to exceed 24 hours; see the
previous discussion on low-yield wells).

» The study will customize the protocol for field-determined
properties or constituent analyses to address specific study
objectives; however, the routine suite of field-measurement
values should be determined.

TECHNICAL NOTE: Target or indicator analytes may be added to
the purge criteria to address study objectives. The analysis can
be performed onsite using portable analytical equipment or a
mobile laboratory. The acceptable variability in analyte
measurements to define stabilization and minimum number of
readings is defined by the study (ASTM International, 2005).
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» One or more field measurement keeps drifting, and sampling at
that well cannot be avoided—NFM 6 provides suggestions for
poor field-measurement stabilization, including extending the
purge time and purge volume. Field personnel must make a
decision based on their understanding of study objectives
whether to extend purge time. Such decisions should be
documented in field notes.

» Useof low-flow purging techniques is a stipulated study
requirement: for a detailed description of the low-flow purge
technique, refer to ASTM standard procedure D6452-99
(ASTM International, 2005).

TECHNICAL NOTE: Low-flow purging procedures are
designed to minimize the volume of purge water and disturbance
of the water column and maximize the contribution of formation
water from a given interval of interest (Puls and Barcelona, 1996;
Unwin and Huis, 1983). Minimizing purge volume is especially
useful when regulating authorities mandate containment of
purge water.

Low-flow purging is based on the theory that water moving
through the well intake is representative of formation water
surrounding the intake, and assumes that pumping at a low flow
rate isolates the column of standing water so that only formation
water is drawn into the intake. The typical flow rates for this
method are on the order of 0.1 to 0.5 L/min; however, in
formations of coarse-grained materials the flow rate may be as
high as 1 L/min (ASTM International, 2005).

Select a low-flow purge-and-sampling technique with
caution and with an understanding of aquifer and well
hydraulics. The assumption should not be made that water
withdrawn using a low-flow procedure represents ambient
aquifer water at the targeted (intake) interval (Varljen and others,
2006), because the conductivity of well-bore flow within the
specified interval is greater than that of the aquifer (Shapiro,
2002). Even where well-bore flow does not occur, aquifer
heterogeneity over the length of the specified interval results in
water being drawn preferentially through zones of highest
permeability.
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STEPS FOR SAMPLING AT WELLS 4.24

Develop a systematic agendawell in advance of the field effort that
follows the sampling plan and quality-assurance protocols. Offsite
preparations in addition to the steps needed to carry out onsite
activities need to be included in planning for field work. Review the
requirements and recommendationsfor siteinventory (reconnaissance)
and site file setup (section 4.2.1)

Field-trip preparations. Adequate time must be scheduled to plan
sampling activities, review data requirements, and make field-trip prep-
arations. Prepare a checklist of equipment and supplies that will be
needed, and order what is needed well before the field effort

(fig. 4-13). Refer to NFM 2, Section 2.4, for lists of equipment and sup-
plies commonly used for ground-water field activities. Review elec-
tronic and paper site files and make sure that they are kept up to date.

Before selecting and implementing purging methods, review table 4-8
to determine how maintaining sample integrity applies to the study and
site.

» Consider whether modifications of standard USGS methods
might be needed to address issues specific to the field site or
program or study objectives. Document any deviation from the
standard protocols.

» Review thetypesof quality-control (QC) samplesplanned for the
study. Certain types of blank samples are required for all USGS
studies. Review the most recent analyses of blank samples
collected through the equipment to be used for sampling before
field work begins.

» Determineif water level and well yield are sufficient to produce
arepresentative sample.

» Decide how to determine or constrain the interval (s) from which
the sample should be collected. Consider whether packerswill be
used and whether screen lengths are sufficiently short or long to
meet the sampling objective. Determine the major sources of
flow contribution to the well, if sampling in fractured or
anisotropic formation materials.
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Before leaving for the field site, review reconnaissance notes from the
site inventory (table 4-6), and determine the number and types of envi-
ronmental and QC samples to be collected (Appendix A4-C).

» Preparethefield formsthat will be needed (for example, water-
level, purging, field-measurement, analytical services request,
and chain-of-custody forms). Fill out as much information as
possible, including the equipment to be used and numbers and
types of samples to be collected.

» Check equipment requirements (NFM 2). When assembling the
equipment, test that equipment is in good working condition.
Take backup equipment, as appropriate.

— Organic-compound samples. Use fluorocarbon polymer
(Teflon), glass, or metal for equipment components that will
be in contact with samplesto be analyzed for organic com-
pounds. Exception: if collecting CFC samples, do not use
Teflon sampler components or Teflon tubing (NFM 5).

— Inorganic-constituent samples. Use fluorocarbon polymer
or other relatively inert and uncolored plastics or glass for
any equipment components that will be in contact with sam-
plesto be analyzed for inorganic constituents. Do not use
metal or rubber components for trace-element sampling.
Stainless-steel sheathed pumps are generally acceptable, but
can leach low concentrations of chromium, molybdenum,
nickel, and vanadium to the sample. Collect an equipment
blank to be analyzed before sampling begins, to demon-
strate the acceptability of the data to be collected.

» Set up aclean workspace (usually in the water-quality field
vehicle) and the sample-processing and -preservation chambers.
Place the filter unit and other necessary supplies for sample
collection and processing into the processing chamber. The
generator and gastanks must not be stored or transported
in the water-quality field vehicle.

Plan ahead. Take adequate time for site recon, and to

prepare sampling plans, order supplies, test equipment,
and get the training needed.
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v Checklist for ground-water site
setup and well-sampling preparations1

Antibacksiphon device (one-way or check valve)

Chemical reagents (for sample preservation and field analyses) and ice

Deionized water and blank water

Disposable, powderless, laboratory-grade gloves

Equipment cleaning, decontamination, and disinfectant supplies

Field forms (for example, ground-water-quality, water-level, and chain-of-
custody forms) - electronic or paper; indelible ballpoint pen (black or
blue ink)

Field manual, sampling and quality-control plan(s)

Filtration units and supplies

Flow-regulating valve (needle valve or pinch clamps)

Flow-splitting valve(s) for manifold system

Flowthrough cell or chamber and field-measurement instrument(s) (single
parameter or multiparameter); standard and buffer solutions; Kimwipes
(see NFM 6)

Keys (for locked facilities)

Microbiota sampling supplies (see NFM 7)

Photoionization detector (PID or sniffer)

Sample processing and preservation chambers in which samples are bottled
and treated, respectively, and associated supplies

Safety equipment

Sample containers (precleaned)

Sampling device(s) (precleaned, portable equipment or other, as
appropriate) and power supply (if needed); spare batteries

Sample tubing (precleaned, several lengths)

Shipping containers and supplies

Stopwatch and calibrated bucket to measure pumping rate

Tarp or plastic sheeting to place around well

Threaded fittings, male/female, such as hose-type connectors (precl eaned)

Tools (such as wrenches to remove well cap)

Tubing to direct waste discharge offsite or into sample container

Water-level measurement equipment

1See NFM 2.4 for more detailed examples of equipment and supply checklists for
sampling.

Figure 4-13. Example of checklist of equipment and supplies to prepare for
sampling ground water at wells.
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Stepsfor sampling. The standard USGS procedure for collecting
ground-water samples consists of the following six basic steps and the
activities needed to carry them out. The procedures needed for supply
wells differ somewhat from those used for monitor wells. Steps 1
through 4 are detailed in this section. Steps 5 and 6 are described in
NFM 5 (“Processing of Water Samples’) and NFM 3 (“ Cleaning of
Equipment for Water Sampling”), respectively.

Step 1. Implement safety precautions and site prepar ations

Act with common sense. Be aware of existing and impending environ-
mental conditions and hazards. Field personnel must be familiar with
the guidance and protocols provided in NFM 9, “ Safety in Field Activ-
ities” Organized and orderly procedures for setting up a site for sam-
pling should be routine and helps to prevent mistakes that could
compromise personnel safety as well as sample integrity.

Step 2. Measurewater level

Procedures for water-level measurement can differ for supply wells
and monitor wells. Detailed procedures for various methods of mea-
suring water levels are documented by the U.S. Geological Survey
(1980, p. 2-8), and additional information can be obtained from the
USGS Office of Ground Water (http://water.usgs.gov/ogw). Refer to
Appendix A4-B for a summary of water-level-measurement methods.

» Procedures and equipment for water-level measurement can
differ, depending on the type, construction, and design of awell.

» Clean well tapes after each use at awell as described in
NFM 3.3.8. Document in field notes if oil isfloating on the
water table. Review equipment-cleaning and sample-collection
strategies and revise as needed if oil is present, to prevent
contamination of samples. A dual-phase sonde can be used to
determine the thickness of the oil layer, as well as the depth to
water.

» Record discrete water-level measurementson field formsand in
GWSI (USGS Office of Water Quality Technical
Memorandum 2006.01).
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Step 3. Purgethewell and monitor field measurements

Asdiscussed in Section 4.2.3, purging the well of standing water is gener-
ally required to ensure that the sample water will be withdrawn directly
from the aquifer. Exceptionsto the well-purging protocol may apply more
commonly to water-supply wells, athough exceptions for some monitor
wells also have been described in the previous section. Regardless of the
purge procedure followed, enough water must be withdrawn from the
well to field rinse sampling equipment and to make measurements of field
properties (field measurements). Purging and field-measurement informa-
tion must be recorded, either on electronic or paper field forms (fig. 4-
12). Specific guidance for use of field-measurement instrumentsis
described in detail in NFM 6.

Step 4. Withdraw the sample

Asarule, pumping is the preferred method for withdrawal of ground-
water samples. In this case, purging and sample withdrawal form a
continuous process. Field measurements are monitored during purging
with sample collection following immediately after final field
measurements have been recorded. Equipment is selected that channels
flow in-lineto afield-measurement chamber and then, without stopping,
to asample collection/processing chamber; the sampleis never exposed
to the atmosphere during this process (fig. 4-10).

Depending on field conditions and study objectives, samples may be
withdrawn using athief-type sampler. Lower and raise the sampler
smoothly at a constant rate, keeping the suspension line clean and off the
ground. A bailer or other thief-type sampler generally is not
recommended for trace-element or volatile organic compound (VOC)
sampling. Bailing can mobilize particulates and, unless designed for
VOC sampling, can allow VOCs to escape.

» Measurements at a monitoring well

— The standard purging procedure usually is appropriate
(section 4.2.3.A). Exceptionsto the standard purging procedure
are described in section 4.2.3.B.

— Either adownhole or a flowthrough-chamber system can be
used for field measurements (NFM 6). If samples will be col-
lected, use the flowthrough chamber instead of the downhole
systemin order to avoid bias of chemical analyses from sample
contact with downhole instruments.
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» Measurements at a supply well

— The standard purging procedure may not be appropriate (see
section 4.2.3.B).

— ldentify well-construction materials and any equipment
permanently installed in the well (such as a pump) that can
affect the logistics and quality of the field measurement or
sample.

— Use aflowthrough-chamber type of field-measurement
system (NFM 6).

— Connect the field-measurement system to the wellhead at a
point before the sample would pass through holding tanks,
backflow pressure tanks, flow meters, or chemical treatment
systems.

If more than one well will be sampled during afield trip, each siteand
(or) afield vehicle must be set up for onsite cleaning of the sampling
equipment. Field personnel should design the most efficient field-
cleaning system, appropriate for the sites to be sampled and in
accordance with the equipment-cleaning guidelines described in
NFM 3.

Step 5. Processthe sample

Sample processing involves, in part, sample filtration, sample
collection into appropriate containers, and sample preservation.
Standard USGS procedures for sample processing are described in
general and according to analyte typein NFM 5.

Step 6. Clean the equipment

Standard USGS proceduresfor cleaning (or decontamination) and QC
of specific types of equipment used for collecting and processing
organic and inorganic analytesare detailed in NFM 3. Field personnel
should design the most efficient field-cleaning system, appropriatefor
the sites to be sampled and in accordance with wastewater disposal
regulations.

Practice safe sampling.
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Supply Wells 4.2.4.A

Collection of samples from water-supply wells with permanently
installed pumps requires specific considerations, preparations, and
precautions. Refer to NFM 9 for safety precautions. Field personnel
should be aware of the potential sources of contamination to samples
withdrawn from supply wells (table 4-10).

» Do not samplethewell if itisnot possibleto bypass any holding
tank or chemical treatment system.

» Document all field observations and any deviations from
standard sampling procedures.

» Obtain permission for access to and collection of samples and
data from the well.

Table 4-10. Advantages and disadvantages of collecting water samples from supply wells with
permanently installed pumps

Advantages

Cost of well and pump installation is not a factor.

Samples from domestic and municipal wells (for studies of the quality of potable water

supplies) are collected directly from the resource being studied.

Pumps are dedicated to the site; therefore,

- cross-contamination of other wells from pumping equipment is not a problem, and

- field time and effort otherwise expended in operating and cleaning portable pumps can be
allocated to other tasks.

In-service supply wells generally require a minimal amount of purging at the time of
sampling.

Disadvantages

The well and the open or screened intervals might not isolate the aquifer zone where water-
quality information is needed.

Materials of well and pump construction may affect concentrations of the analytes targeted
for study.

Pumps with high capacities can alter the water chemistry of a sample if the pumpis
lubricated with oil. The water chemistry of a sample also can be altered by aeration and
degassing caused by high-velocity pumping, suction lift, and cavitation.

Access for water-level measurements might be unavailable; or, access might be indirect
(through an air line), thus yielding |ess accurate measurements.
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Steps for sampling from water-supply wells

Step 1. Step 2. Step 3. Step 4.
Sefety pre- Measure p | PUIGe the p| Withdraw
cautions, | —| water well and sample
Site prepa- level monitor water
rations field
measure-
ments
| Step5. |
! Process | Step 6.
! ' » Clean !
___>:andbottle;__ ; ; :
} samples | | équipment
| (NFM5) | (MM

_____________

Ensure that the field effort is adequately staffed and equipped. Check
QC requirements before departing—QC samples require additional
equipment and supplies. Implement good field practices and CH/DH
techniques, as applicable (dutiestypically performed by Clean Hands
(CH) and Dirty Hands (DH) are indicated in the steps that follow).
Check that you have the correct site and well folders, and a document
(preferably signed) granting site access and well sampling and
purging permission.

Step 1. Supply-well sampling: Safety and site preparations.

a. Upon arrival, set out safety equipment such as traffic cones and
signs, as needed. Park vehicle in a position to prevent sample
contamination from vehicle and traffic emissions and the
prevailing wind.

e Check the well identification number and compare it with the
number in the well file and in field notes (section 4.2.1).
e Assign CH/DH tasks.

b. Describe well and site conditionsin field notes and on field
forms, as appropriate (DH).

c. Check site for hazardous conditions (NFM 9) (DH).

e Test for toxic fumesif thewell isin an enclosed structure or if
there is reason to suspect the presence of organic vapors.

e Examinethe areafor evidence of animal infestation and other
potential safety hazards.

d. Prepare an areato be used for field cleaning of equipment (DH).
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e. Set up equipment and instruments for field measurements and
ground-water withdrawl! (DH).

e Cdlibrate field-measurement instruments (DH). Refer to
NFM 6 for calibration information and instructions.

e Wearing disposable gloves, set up the sample-processing and
sample-preservation chambers (usually in the water-quality
field vehicle). Change gloves. Place the filter unit and other
suppliesthat will be needed for the first sample into their
respective chambers (CH).

f. Spread clean plastic sheeting (polypropylene tarp, for example)
on the ground around the well to keep sampling equipment, the
well tape, and sampl e tubing off of the ground. Prepare areato be
used for field cleaning of equipment (DH). Take care not to
trample on the sheeting.

g. Determinethe location and method of tubing hookup to the well.
Connect sample tubing as close as possible to the wellhead (DH).

i. There must be no water-storage tanks, holding or
pressurization tanks, or chemical disinfection or water-
softening systems connected in-line between the pump and
tap/faucet to which sample tubing will be connected. Obtain
written permission to install atap if it is necessary for
bypassing a holding tank or treatment system.

ii. Select afaucet without an aerator or obtain written permission
to remove the aerator (replace it after sampling). Use
connectors and sampl e tubing that will not contaminate the
sample with respect to target analytes.

 Use only precleaned sample-contacting connectors and
tubing.

« Check that you have the correct size and configuration of
connector fittings, as compatibility varies amont types of
plumbing.

« At highly contaminated sites, sample-contacting equipment
either should be dedicated for that site or should be
disposable.

iii. Connect a short length of sample tubing (2 to 3 feet) between
the tap/faucet fitting and the antibacksiphon valve (DH).
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iv. Connect sample tubing from the antibacksiphon valve to the
manifold; and from manifold to the flowthrough chamber, the
sample-processing chamber, and the waste outlet.

* Select transparent, nonporous sample tubing and tubing to
the flowthrough chamber for field measurements to be able
to check for bubbles or sediment entrained in the sample
flow. Sample tubing must be clean and of the appropriate
material with respect to study objectives; flowthrough-
chamber tubing can be of any material if used only in
connection with field measurements. Keep the discharge
end of the sample tubing sealed until use.

« Tubing used solely to discharge purge water to waste can be
of any material (garden hose, for example), but must belong
enough to transport wastewater away from the work area.

Step 2. Measure water level (DH).

Procedures and equipment for water-level measurement depend on
well type and construction and the presence of nonagueous liquid
phases. Important considerations and method limitations are
described in Appendix A4-B.

a. Put on glovesif chalking a steel tape. Using a weighted steel or
electric tape in a nonpumping well, measure water level to the
nearest 0.01 ft (for wells <200 ft to water), starting at the
permanent measuring (reference) point. Repeat the measurement
until precision iswithin 0.02 ft (U.S. Geological Survey, 1980).
At wells deeper than 200 ft, cal culate the compensation factor to
account for streching of the tape.

e Do not alow the well tape to contact the ground before insert-
ing it into the well.

e Care must be taken not to entangle the well tape in the pump
discharge pipe or intake.

e Do not use lead weights; use stainless steel or other noncon-
taminating material. An unweighted tape might be necessary
if the weight cannot fit past the pump apparatus.

e At some supply wells, the water level only can be estimated
using the less accurate air-line method. As alast resort if no
water-level measurement can be made, use the measurement
recorded on the driller’swell log in order to calculate an esti-
mated purge volume.
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b. Water-level measurements must be recorded on field form(s) and
in GWSI forms. On the field form, note any deviations from
standard water-level measuring procedures. It is useful also to
record water level in QWDATA (USGS Office of Water Quality
Technical Memorandum 2006.01).

c. Clean the tape after each use to avoid cross-contamination of
wells (see NFM 3.3.8).

Step 3. Purgethewell and monitor field measurements (DH).

a. Calculate or estimate the well volume (the depth to the bottom of
the well and the inside casing diameter must be known):
V =0.0408 x HD?
where,
V isvolume, in gallons
H is height of water column
D? istheinside well diameter squared, in inches.

b. Begin pumping to purge the well according to study objectives.
Discharge the initial well water through the waste line until
sediment is cleared from the flow.

o Supply-well pumps commonly are either on or off, with no
variable-speed capability. To regulate the flow, use a mani-
forld with a needle valve, if possible.

e Open any additional valves or taps/faucets to ensure that the
pump will operate continuously and reduce the possibility of
backflow stored in ancillary plumbing lines; keep these open
throughout purging and sample withdrawal.

e The pump should produce a smooth, solid stream of water
with no air or gas bubbles and without pump cavitation during
field measurements and sample withdrawal.

e Do not halt or suddenly change the pumping or flow rate
during thefinal phase of purging or while sampling.

e Contain and dispose purge waters according to Federal, State,
or local regulations. Do not discharge purge water from one
well into another without proper authorization. Discharge
purge water far enough away from the well or well cluster so
as not to enter or affect water quality in the well, and to pre-
vent muddy and slippery work conditions.
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TECHNICAL NOTE: A supply well that is in regular service and
that is pumping continuously or that has been operating long
enough to have removed three casing volumes of water within
several hours of sample collection does not require removal of
three well volumes. Before withdrawing sample in this case,
flush sample water through the tubing and monitor
measurements.

e Field personnel could request a site operator or
homeowner to start pumping the well before personnel
arrive onsite.

e |f the pump has been turned off but three well volumes
were removed within 24 hours before sampling and
samples only will be analyzed for nutrient or major-ion
concentrations, additional purging is not necessary.

e Purging immediately before sampling is recommended
if samples for trace elements and volatile organic
compounds will be collected.

c. When the water runs clear, divert flow to the flowthrough
chamber for field measurements (unlessadownholeinstrument is
in use). Once the flow is constant (see instructions in step b),
begin monitoring field measurements (refer to NFM 6 for
detailed instructions); in addition, record the number of well
volumes being discharged, the start and end times of purging, the
pumping rate, water level, and location of the pump intake
(fig. 4-12).

e To control the flow rate from the maniford, use a flow-
regulating valve, such as afaucet or needle valve.

o Keep three-way valves either completely open or closed (par-
tially open three-way valves can create a vacuum or air bub-
bles, and can draw in contaminating water). Do not use a two-
or three-way valvetoregulatethe flow.

e Recommended: To ensure arepresentative sample, maintain
the water level in the well above the screened or open interval.
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d. Asthefinal well volume (commonly the third well volume) is
purged, calculate the final pumping rate and record onfield forms
at least five sets of field measurements determined at regularly
spaced intervals while pumping at this rate. Referring to the
instructions provided in NFM 6, check the field-measurement
data against the measurement-stability criteria (fig. 4-12).

e To record the pumping rate of water flowing through more
than one conduit, sum the rate of flow through each conduit.

e Routine field measurements for USGS studies include water
temperature, conductivity, pH, dissolved oxygen, and turbid-
ity.

e Thefinal pumping rate, used during the final five sets of field
measurements, also should be used during sample collection.

Step 4. Withdraw ground water (CH).

Maintain the samerate of pumping throughout samplewithdrawal and
collection as the rate used during withdrawal of the final purge
volume.

a. Put on disposable gloves. Check that the sasmple tubing is
properly secured within the sample-processing chamber.

b. Direct sample flow through the sample tubing to the processing
chamber and channel two tubing volumes of the water to waste.

e |f sampleswill be collected for organic carbon analysis
through equipment and tubing that previously was
methanol-rinsed, flush at least five tubing volumes of sam-
plewater through thetubing (or collect the organic-
carbon sample using a separ ate, non-methanol-rinsed
sampler) before proceeding to Step 5.

e Usethe needle valve at the maniford to adjust sample flow as
appropriate for the target analysis. Depending on the site-spe-
cific logistics, a second needle valve can be installed after the
outlet end of the maniford and close to the sample-processing
chamber. Avoid splashing or pooling water inside the chamber
while processing sample and filling sample bottles.

Flow should be constant and uninterrupted

while purging and sampling.
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Step 5. Collect and process the sample = Refer to NFM 5,
Processing of Water Samples, for instructions regarding the field
rinse of sample bottles, sample filtration, and the collection and
preservation of wholewater and filtered samples.

& RULE OF THUMB: Therate of flow for filling sample bottles
should not exceed
- 500 mL/min for bottles 250 mL or greater in volume,
or
- 150 mL/min for 40-mL VOC vials.

Step 6. Clean equipment — Refer to NFM 3, Cleaning of Equipment
for Water Sampling. Sampling equipment must be cleaned as
instructed in NFM 3 before leaving the field site.

At sites at which the level of contamination is suspected or known to
exceed drinking-water standards or health advisories, use sample
tubing that is disposable or dedicated to that sitein order to minimize
the risk of cross contamination between wells. Wear gloves while
cleaning and handling sampling equipment.

e Rinse sampling equipment with deionized water before the
equipment dries.

e Clean equipment to be used at another well during the same
field trip after rinsing it and before moving to the next site.

e Coallect field blanks to assess equipment-cleaning procedures
directly after the sampling equipment has been cleaned in the
field or after moving to the next site and before sampling, as
dictated by the data-quality requirements of the study
(section 4.3).
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Monitor Wells 4.2.4.B

When selecting purging equipment for monitor wells, site conditions
need to be considered. In general, aportable, submersible nonaerating
pump that also will be used for sampling is recommended. The
specific equipment and well-purging method selected, however, can
depend on depth to water, length of the open interval, well
construction, and site contamination. For example, to reduce the
volume and time required for purging, especially in deep wellsor in
wells for which purge water is contaminated and must be contained,
inflatable packers can be used to isolate the aquifer interval of interest.

In addition:

» When the water table is deeper than 250 ft and (or) alarge
volume of water must be purged, a dual-pump system can be
used: position, in series, a submersible pump downhole and a
centrifugal pump at the surface.

— Water discharging from the slow-pumping submersible
pump is used for field measurements and sample collection,
whereas the centrifugal pump removes the required volume
of purge water at afaster rate. Changes in pumping rate
might increase turbidity.

— Dissolved-oxygen concentration, Eh, or turbidity should not
be measured while using a dual-pumping system. Record
measurements while operating only the submersible pump.

» When the water table isless than 25 to 30 ft from land surface,
a peristaltic pump can be used for small-diameter wells. A
peristaltic pump or other comparable suction device can affect
dissolved-oxygen concentrations and Eh measurements unless
low gaseous-diffusion tubing such as Tygon® isused (NFM 2).

» Aninflatable packer sometimesis set above and below the
screened/open interval, with a pump intake located within the
screened/open interval.

— Packers sometimes fail to form a complete seal between
aquifer intervals, and should be used with pressure transduc-
ers located directly above and below the isolated interval to
indicate whether water isleaking past the packers or short
circuiting in the aquifer.

— Thematerials of which the packer is made also might affect
sample chemistry by leaching or sorbing target analytes.
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» A bailer isnot recommended for purging. The plunging action of the
bailer can release or stir up particul atesthat are not ambient in ground-
water flow, resulting in biased measurements and analyses.

Steps for sampling at monitoring wells

Step 1. Step 2. Step 3. Step 4.
Purge the i
Safe_ty pre- Measure » g ) Withdraw
cautions, water well and sample
sampling > | level monitor water
preparations field
measure-
ments
| Step5. | |Step6. |
! Process | i Clean :
- — - [ sample | - — ! equipment |
i (NFM 5) {(NFM 3)

Step 1. Monitor-well sampling: safety and site preparations.

a. Upon arrival, set out safety equipment such astraffic conesand signs,
as needed. Park vehiclein a position to prevent sample contamination
from vehicle and traffic emissions and prevailing wind.

e Check well-identification number (this should beindelibly marked
on the well casing) and compare it with the well file and field
notes (section 4.2.1).

e Assign CH/DH tasks.

e If agasoline-powered generator is used, locate it downwind of
sample collection or elsewhere to avoid sample contamination
from fumes.

e Prepare an areato be used for field cleaning of equipment (DH)
b. Describewell and site conditionson field forms, as appropriate (DH).

c. Check site for hazardous conditions (NFM 9) (DH).

e Test for toxic fumesif the well isin an enclosed structure or if
there is reason to suspect the presence of organic vapors.

e Examinethe areafor evidence of animal infestation and other
potential safety hazards.

d. Spread a clean plastic sheeting (polypropylene tarp, for example) on
the ground around the well to keep sampling equi pment, thewell tape,
and sample tubing clean (DH). Take care not to trample on the
sheeting.
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e. Set up eguipment and instruments for field measurements and
ground-water withdrawal (DH). Locate a power supply source, if
needed.

e Set up the pump and generator (if needed) in alocation to avoid
sampl e contamination from generator fumes.

e Calibrate field-measurement instruments (DH). (Refer to
NFM 6 for calibration information and instructions.)

e Wearing disposable gloves, set up the sample-processing and
-preservation chambers (usually in the water-quality field vehi-
cle). Keep sample tubing as short asis practical and shaded from
direct sunlight (to minimize changes in the temperature of the
sample). Change gloves. Place the filter unit and other supplies
that will be needed for the first sampleinto their respective cham-
bers (CH).

f. Remove the well cap. Verify clear access downhole by lowering a
section of blank pipe through the depth interval to be sampled and
raising it slowly. Take care not to drop the pipe or otherwise stir
up particulatesin the process of lowering and raising the pipe
(DH).

i. Connect the antibacksiphon valve in-line between pump and
manifold (the antibacksiphon valve is a standard component of
some submersible pumps).

ii. Use connectors and sample tubing that will not contaminate the
sample with respect to target analytes.

» Use only precleaned sample-contacting connectors and tubing.

* At contaminated sites, sample-contacting equipment either
should be dedicated for that site or should be disposable.

iii. From the manifold, connect the appropriate tubing to the
flowthrough chamber, the sample-processing chamber, and the
waste outlet.

* Select transparent, nonporous sample tubing and tubing to the
flowthrough chamber for field measurements to be able to
check for bubbles or sediment entrained in the sample flow.

* Tubing that transfers sampl e to the processing chamber must be
clean and of honcontaminating material. Keep the discharge
end of the sample tubing sealed until use.

 Flowthrough-chamber tubing can be of any material if used
only in connection with field measurements.

* Tubing used solely to discharge purged water to waste can be
of any material (garden hose, for example), but must be long
enough to transport wastewater away from the work area.
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Step 2. Measure water level (DH).

Procedures and equipment for water-level measurement depend on well type
and construction and the presence of nonagueous liquid phases. Important
considerations and method limitations are described in Appendix A4-B-3, 4,
and 5. Each well must have a designated measuring point that is indicated
permanently on the well (Appendix A4-B-1).

a. Put on gloves before chalking a steel tape. Using a weighted steel or
electric tape in a nonpumping well, record two or more consecutive
water-level measurements to the nearest 0.01 ft (for wells of < 200 ft to
water), starting at the permanent measuring (reference) point. Repeat
the measurement until precision iswithin 0.02 ft (U.S. Geological
Survey, 1980).

e Do not allow the well tape to contact the ground before inserting it
into the well. After measuring the water level, clean the tape
(NFM 3.3.8) to avoid cross contaminating the next well.

e Do not use lead weights, but weight the tape with stainless steel or
another relatively noncontaminating material.

e At wellsdeeper than 200 ft, cal culate the compensation factor to
account for stretching of the tape.

b. Record water-level measurement on field forms and in GWSI (USGS
Office of Water Quality Technical Memorandum No. 2006.01). Note
any deviations from standard water-level measuring procedureson field
forms (fig. 4-12). It is useful also to record water-level datainto
QWDATA.

c. Set up asystem to measure water levels throughout purging. Electrical
tapes or submersible pressure transducers are recommended—repeated
measurements with a steel tape can be cumbersome and can generate
turbidity inthe water column. If apacker system isused, install pressure
transducers above and below the packer.

d. Clean the tape after each use to avoid cross contamination of wells
(NFM 3.3.8).

& RULE OF THUMB: Theinitial water-column height should be
greater than 4 ft plusthelength of the sampling device.
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Step 3. Purgethewell and monitor field measurements (DH).

Purge monitor wells, preferably using avariable-speed pump (see the
TECHNICAL NOTES listed at the end of step 6). Operate the pump
in a manner that avoids or minimizes turbidity. Do not use a bailer
for purging unless the well characteristics or other constraints
exclude alternatives and the turbidity during and after bailing is at the
background level. Recommendation: Measure water levels
throughout purging to document drawdown and the location of the
water level with respect to the screened/open interval and the pump
intake.

» Use the same pumping equipment for purging that will be used
to collect samples, if possible.

» Avoid refueling or changing equipment, and do not stop the
pump during the final phase of purging and sample
collection. Beaware of study objectivesand potential sources of
contamination. For example, avoid fueling the generator on the
same day that samples are collected for VOC analysis. Do not
transport a generator or gas tanks in the water-quality field
vehicle.

» Adjust theflow rate at the pump if using avariable-speed pump.
If a constant-speed pump is used, adjust the flow rate using a
needle valve.

— Pump at arate that does not substantially lower the water
level. Idedlly, well yield should be sufficient so that the
water level is maintained above the screened or open
interval.

— How should not be halted or the flow rate changed suddenly
during the final phases of purging and sampling.
a. Calculate the well volume. For a cased well, the depth to the
bottom of the well and the inside casing diameter must be known:

V=0.0408 x HD2

where,

V isvolume, in gallons

H is height of water column

D2 isthe inside well diameter squared, in inches

Note that for a cased well, the volume of water stored within the
annular space between the well screen and borehole well also
should be evacuated at |east once.
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b. Lower a submersible pump, followed by awater-level sensor, to
the desired location of the pump intake. (The pump position is
fixed if the monitoring well has apermanently installed sampling
system.) Move the equipment slowly and smoothly through the
water column to avoid stirring up particulates. The intake can be
either lowered continually while purging to the final depth
desired or placed immediately at itsfinal position. Note that the
final pump intake position alwaysis at the point of sample
collection.

e Position the pump intake about 3 ft (about 0.9 m) below static
water surface and a minimum distance above the top of the
screened/open interval of 7 to 10 times the well diameter (for
example, 14 to 20 in. for a2-in. well diameter), if the sample
isto represent the entire screened or open interval of aquifer.
The location of the intake might be different if the study
objective requires collecting the sample from a point within
the screened/open interval or from wells in which packers are
installed.

e Place water-level sensor (electric tapes) a maximum of 1 ft
(about 0.3 m) below the water surface.

c. Position the pump intake.

e If final intake position is above the screened or open inter-
val, do not exceed 1 ft (about 0.3 m) of drawdown.

e If final intake position iswithin the screened or open inter-
val, do not exceed 0.5 ft (about 0.15 m) of drawdown. The
final pumping rate should be as slow as necessary to avoid
causing turbidity.

d. Start the pump, channeling initial discharge to waste. Discharge
the initial well water through the waste line until sediment is
cleared from the flow.

e Gradualy increase and (or) adjust the pumping rate to limit
drawdown to between 0.5 and 1 ft (about 0.15 to 0.3 m), if
possible.

e If using a variable-speed pump, adjust therate of flow at
the pump. If using a constant-speed pump, control the flow
rate using a needle valve (fig. 4-10).
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e Do not useathree-way valve or flow-splitting valve to
adjust flow rate. It is necessary to keep the two- or three-way
valves either completely open or completely closed (partially
open three-way valves can create avacuum or air bubbles, and
can draw in contaminating water).

e Contain and dispose of purgewater saccordingto Federal,
State, or local regulations. Do not discharge purge water
from one well into another without proper authorization. Dis-
charge purge water far enough away from the well or well
cluster so as not to enter or affect water quality inthewell, and
to prevent muddy and slippery work conditions.

e. Whenthewater runsclear, divert flow through the manifold to the
flowthrough chamber (unless a downhole instrument is being
used for field measurements.

e Theflow should beasmooth, solid stream of water with no
air or gas bubbles and without pump cavitation during
field measurements and sample withdrawal. Adjust the pump-
ing rateto eliminate air or gas bubbles or cavitation, but do not
halt or suddenly change the flow rate.

e Record the start time of purging, the pumping rate(s),
water level(s), and final location of the pump intake
(fig. 4-12). If water is flowing through more than one conduit
(such as valve and manifold lines), calculate the flow rate by
summing the flow rate through each conduit.

e Begin monitoring field measurements (refer to NFM 6 for
instructions) once flow to field-measurement instrumentsis
constant (see instructions above).

e Do not movethe pump or changetherate of pumping dur-
ing field measurements or sample collection after setting
theintakeat itsfinal depth location.
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f. Purge a minimum of three well volumes or the purge volume
dictated by study objectives. (Check exceptions to the three-
well-volume procedure described in section 4.2.3.B).

e Record water levels and field measurements at regular time
intervals (fig. 4-12; NFM 6). Routine field measurements for
USGS studies include water temperature, conductivity, pH,
dissolved-oxygen concentration, and turbidity. Check for spe-
cial instructions regarding field-measurement or field-analysis
requirements based on study objectives.

e Asthefina well volume (commonly the third well volume) is
purged, check the field-measurement data against the measure-
ment-stability criteria (fig. 4-12). Record at least five sets of
field measurements determined at regularly spaced intervals,
which indicate that measurement values are relatively constant
(have "stabilized") or that stabilization cannot be achieved in
the given timeinterval (NFM 6).

Step 4. Withdraw the sample (CH).
Pumped samples—

Maintain the same rate of pumping throughout sample collection as
the rate used during withdrawal of the final purge volume.

a. Put on disposablegloves. Check that the sampletubingisproperly
secured within the sample-processing chamber.

b. Direct sample flow through the sample tubing to the processing
chamber and channel two tubing volumes of the water to waste.
Use the needle valve at the maniford (fig. 4-10) to adjust sample
flow as appropriate for the target analysis.

e Depending on the site-specific logistics, a second needle valve
can beinstalled after the outlet end of the maniford and close
to the sample-processing chamber.

e Theflow should be smooth and non-turbulent. Avoid splash-
ing or pooling water inside the chamber while processing sam-
ple and filling sample bottles.

e If sampleswill be collected for organic carbon analysis
through equipment and tubing that previously was
methanol-rinsed, flush at least five tubing volumes of
sample water through the tubing (or collect the organic-
carbon sample using a separ ate, non-methanol-rinsed
sampler) before proceeding to step 5.
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Remember, flow should be constant and

uninterrupted while purging and sampling.

& RULE OF THUMB: When using a pump, therate of flow for filling
sample bottles should not exceed
- 500 mL/min for bottles 250 mL or greater in volume,
or
- 150 mL/min for 40-mL VOC vials.

Nonpumped samples—

a. Field rinse the sampler (typically, a bailer) and sampler
emptying device (and compositing device, if used) threetimes
before collecting the sample. Deploy the sampler so asto
minimize disturbance to the water column and aquifer
materials.

i. Useareel to keep sampler line clean and untangled.

ii. Lower sampler smoothly, entering water with as little
disturbance as possible.

iii. Allow sampler to fill, then withdraw sampler smoothly.

iv. Shake water in sampler vigorously to rinse all interior
surfaces.

v. Attach sample-delivery tube or bottom-emptying device to
sampler and drain the rinse water through the sampler.

vi. Repeat rinse procedure at least twice.
b. Repeat steps (a) i-iii to withdraw ground water for the sample.

TECHNICAL NOTE: When a device is lowered and raised
through the water column, the disturbance to the water
column can result in outgassing or degassing of ambient
dissolved gases and an increase in concentrations of
suspended particulates. Repeated movement of the device
through the water column exacerbates these effects and can
result in substantial modification of the ambient water
composition and chemistry.

c. Set up the bailer in an enclosed or protected space.
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Step 5. Process/collect the sample = Refer to NFM 5, Processing of
Water Samples, for instructions regarding the field rinse of sample bot-
tles, sample filtration, and the collection and preservation of whole-
water and filtered samples.

Step 6. Clean equipment = Refer to NFM 3, Cleaning of Equipment
for Water Sampling. Sampling equipment must be cleaned as
instructed in NFM 3 before leaving the field site.

At contaminated sites, use sample tubing that is disposable or
dedicated to that site in order to minimize the risk of cross
contamination between wells. Wear gloves while cleaning and
handling sampling equipment.

e Rinse sampling equipment with deionized water before the
eguipment dries.

e Clean equipment to be used at another well during the same
field trip after rinsing it and before moving to the next site.

e Collect field blanks to assess equi pment-cleaning procedures
directly after the sampling equipment has been cleaned in the
field or after moving to the next site and before sampling, as
dictated by the data-quality requirements of the study (section
4.3).
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QUALITYCONTROL 43

Collection and analysis of quality-control (QC) samples are mandated
components of USGS water-quality field studies. The goal of QC sam-
pling isto identify, quantify, and document bias and variability in data
that result from the collection, processing, shipping, and handling of
samples. The biasand variability associated with environmental
data must be known for the data to beinterpreted properly and be
scientifically defensible (Horowitz and others, 1994; Koterba and oth-
ers, 1995; Mueller and others, 1997). This section addresses quality
control for agueous samples to be analyzed for inorganic and organic
analytes (see NFM 7 for quality control of microbiological sampling
and analysis). Quality-assurance terminology in general, and quality-
control terminology in particular, can differ within and among organi-
zations; see “ Conversion Factors, Selected Terms, and Abbreviations”
for aglossary of definitions as used in this report.

Bias: systematic, directional error measured by the use of
blank, spike, or reference-material samples.

Variability: random error measured by the use of
environmental or QC sample replicates.

The types of QC samplesto be collected and their temporal and spatial
frequency and distribution depend on study objectives, data-quality
requirements, site conditions, and management or regulatory policy.
QC sampling is part of an overall strategy for quality assurance of the
data collected and generally is described in the Quality Assurance Plan
(QAP) or Sampling and Analysis Plan (SAP). QC samples of various
types can be used to measure environmental data quality (for example,
assign error barsto measurement sets), identify data-quality problems,
and locate the sources or causes of data-quality problems. Field per-
sonnel need to understand the pur pose for each QC sampletype
(Appendix A4-C) and how the resulting QC data will be used so
they can account for and accommodate QC needsthat arise from
unforeseen site conditions.
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Basic QC samples are collected routinely to document the
quality of the environmental data and to identify whether data-
quality problems exist. They are designed to measure most
sources of error that affect environmental samples. Basic QC
samples include field blanks, field matrix spikes, and field
replicates.

Topical QC samples address specific QC needs or topics and
commonly are designed to (1) help determine when sampling
should commence; (2) locate the cause and source of data-
quality problems; and (3) assess comparability among field
methods. Topical QC samplesinclude all the QC sample types
not specifically designated “basic” QC samples.

Good science requires consideration of measurement

errors — such as bias and variability — in data analysis.

The field team or person collecting samples should be involved in
assessing the analytical results of the QC samples collected, because
only they have al of the information about the site conditions and
procedures that were followed. This knowledge could be crucial in
understanding QC sample results. For any water-quality sampling
event, USGS field personnel must:

Be knowledgeable about and alert to potential sources of
contamination (table 4-11). When in doubt, it usually iswisest to
collect additional QC samples and decide later whether to have
them analyzed.

Collect field QC samples at approximately the same time as
environmental samples are collected, using the same equipment.

Document in the field log as complete a description of the
sampling event as possible. Include how, when, where, and why
the QC sample was collected, and observations about site or
sampling conditions.

Implement the prescribed proceduresfor equipment cleaning and
QC sample collection and processing.

Collection of Water Samples, Version 2.0 (9/2006)
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» Usechemical preservativesfrom the samelot number for agiven
set of environmental and associated QC samples. Record the
preservative lot number on field forms and in field notes.

» Store QC datain an electronic data base devoted to QC data. For
USGS studies, this should be a QC-designated data base within
NWIS.

Use Good Field Practices (table 4-2) and Clean Hands/Dirty

Hands techniques (table 4-3) when collecting and
processing QC samples.

Table 4-11. Common sources of contamination related to field activities

[SPMDs, semi-permeable membrane devices; DIW, deionized/distilled water of ASTM grade one or
better; DEET, N,N-diethyl-meta-toluamide (the active ingredient commonly used in insect repellents)]

Contaminant source
type

Examples

Sampling environment

Airborne particulates; precipitation; dust, soil, solid particles; fumes
from engine exhaust, chemical preservatives, upwind industrial
emissions.

Sample-collection

Pumps, isokinetic samplers, bailers, sample tubing, SPMDs.

equipment

Sample-processing Filtration devices, churn splitter, cone splitter, bottles, water (DIW,
equipment tap, blank).

Sample-cleaning Cleaning equipment (basins, brushes); carryover from cleaning
processes solutions or tainted water; methanol carryover; insufficient

decontamination or rinsing.

Transport and shipping

Field vehicles; coolers or other shipping containers; improperly
closed or protected sample bottles.

Storage Warehousg; refrigerator; field vehicle; office laboratory; office
storage space.
Personnel Dirty hands; sweat; sunscreen; DEET; nicotine, caffeine, and a cohol

(breath); dirty gloves; gloved or ungloved contact with the sample
to be analyzed; shedding clothing; hair and dandruff.

How, when, where, and why a QC sample was collected

must be known to understand the sources of error measured.
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431 BLANK SAMPLES

The primary purpose of a blank sample (“blank™) is to measure the
magnitude of contaminant concentration (for analyte(s) of specific
interest) that might have been introduced into the sample as aresult of
sampling-related activities (table 4-11 and Appendix A4-C). Varioustypes
of blanks can be used or customized to identify the source of sample
contamination (table 4-12 and Appendix A4-C). Appendix A4-D provides
examples for estimating the volume of blank solution needed.

It is necessary to obtain blank water of the quality and type appropriate for
the chemical analysisto be performed on the sample. Blank water isstrictly
defined within the USGS as specially prepared distilled/deionized water
(DIW) that islaboratory produced, quality-controlled, and that carries a
certificate of analyte concentrations for each grade and lot of water
produced. USGS water-quality projects obtain quality-assured blank water
through the One-Stop Shopping system of the National Water-Quality
Laboratory (NWQL).

» Inorganic-gradeblank water (IBW) isrequired for blanksthat will
be analyzed for inorganic constituents (major and minor ions
including nutrients, trace elements) and suspended sediments.

» Pesticide-grade (PBW) isrequired for blanks that will be analyzed
for pesticide compounds and organic carbon.

» VOC/Pesticide-grade (VPBW) has been purged with nitrogen gas
(N,) and isrequired for blanks that will be analyzed for volatile

organic compounds. VPBW is appropriate as a blank sample for
analysis of pesticides, organic carbon, and suspended sediments.

Before collecting blank samples, the laboratory certification of
concentration for each analyte in the blank water should be compared with
the expected concentration in the environmental samples and with the
detection limit of the laboratory method to be used for sample analysis.
Thelaboratory certificate of analysisfor each lot of blank water
should be kept on filewith project records, and thelot number (s) used
for each sample should be recorded on field forms.
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Wear clean, powderless, disposable gloves
and conform meticulously to other

Clean-Hands practices when working

with blank solutions.

Table 4-12. Common types of blank samples and the questions they address
[QC, quality control; IBW, inorganic-grade blank water; PBW, pesticide-grade blank
water; VPBW, volatile-organic-compound and pesticide-grade blank water]

Type Targeted Source(s) of Bias'

Field Sample-collection, -processing, -transport process

blank Basic QC sample: Was my sample contaminated as a result of
field activities and exposure?

Equip- Sample-collection and processing equipment system

ment Topical QC sample: Does an initial equipment assessment? con-

blank firm the suitability of the equipment to provide samples within
my data-quality requirements?
Topical QC sample: |s my equipment-cleaning protocol ade-
quate?

Sampler Sampling device (for example, the D-95 sampler, Fultz pump, or

blank peristaltic-pump tubing)
Topical QC sample: Is my sampling device the source of con-
tamination?

Filter Filtration device (for example, the capsule filter, in-line filter

blank holder, aluminum plate filter)
Topical QC sample: Is my filtration device the source of con-
tamination?

Ambient Exposure to atmospheric outfall or other conditions

blank Topical QC sample: Was sample exposure to the atmosphere a
contaminant source?

Source- The blank water used (for example, IBW, PBW, or VPBW)

solution Topical QC sample: Was my blank water tainted with respect to

blank my analyte(s) of interest?

IThe bias and variabil ity measured includes that from laboratory handling,
processing, and analysis of the sample in addition to the targeted source listed.
2An equipment blank is required for U.S. Geological Survey investigations to
determine the equipment suitability to provide the analyte data needed to meet
study objectives.
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To prepare for processing blank samples:

1. Label the capped, precleaned sample bottle with the site identifica-
tion number, laboratory sample designation code (NFM 5), date
and time, or affix the proper bar-code label to the sample con-
tainer, as appropriate. Record this information on field forms.

2. Put on gloves. Place each stock container of the blank solution to
be used (IBW, PBW, and VPBW) into a clean plastic bag. If
pumping blank water from a standpipe, change gloves and then
rinse the precleaned standpipe three times using a small volume of
blank solution of the type selected. Keep standpipe covered until
use.

3. Change gloves. Place precleaned, labeled sample bottle(s) and the
stock of blank solutionsto be used into processing chamber (or
standpipe).

e |IBW blanks—Discard the deionized water that half fills the
precleaned polyethylene sample bottle. Rinse the sample
bottle with a small quantity of blank solution and discard rin-
sate before filling with IBW.

e PBW or VPBW blanks—Do not prerinse the sample bottle.
Use glass bottles or vials as received precleaned from the
|aboratory.

Do not substitute DIW for IBW.
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Pre-Field Blanks 4.3.1.A

The source-solution and initial equipment blanks are common types
of blank samplesthat are collected by the study field team in
preparation for environmental sampling. Collection of an equipment
blank is mandated by USGS policy befor e the sampling phase of
the study begins, to determine if the sample-wetted components of
the equipment proposed for use could be a source of contamination by
introducing the study’s target analytes to a blank or environmental
sample. Collection of pre-field equipment blanks is recommended
annually, or as appropriate for the sampling schedule of the study.

» Source-solution blank. Collect in adesignated clean, draft-free
area of the office laboratory, such as under alaminar-flow hood
or laminar-flow bench. Do not collect the source-solution blank
in afume hood. Submit the sample for analysis along with or
after the equipment blank and field-collected samples,
depending on study objectives and the data resulting from other
blank samples.

» Equipment blank (pre-field). Collect in a designated clean
area of the office laboratory at least 4 weeks before using the
equipment in the field to allow enough time for sample analysis
and review of the resulting data.

A variety of other types of blank samples that are collected in the
controlled office-laboratory environment can be designed to test some
aspect of sample handling not related to the field environment.
Examples of these types of blanks include the refrigerator blank, the
shelf blank, and the preservation blank (Appendix A4-C).
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4.31.B Field Blanks

Field blanks are collected and processed at the field site in the same
manner and using the same equipment as the environmental
sample(s). Equipment must be cleaned meticulously before field
blanks are collected (NFM 3).

» A singlefield blank isa“basic” QC sample that represents the
entiresampling system. Thefield blank iscollected routinely for
basic quality control of the sampling process, rather than
identifying the specific source of the contamination. The field
blank consists of an aliquot of blank water processed
sequentially through each component of the sampling system
(fig. 4-14 and Appendix A4-C). Thefield blank provides a
measure of the total contamination (bias) present in the sample.

» To addresstopical quality-control questions, blanks can be
collected onsite that represent components of the sampling
system; for example, the sampler blank (surface water), splitter
blank, filter blank, or pump or bailer blank (ground water). Such
topical field blanks can be used to trace the specific source of
contamination.

» When collecting field blanks for inorganic and organic analyses
after sampling at a site, use the following sequence and the
protocols described in NFM 3 and shown in NFM 3, fig. 3-1 for
eguipment cleaning.

1. Clean equipment for inorganic-constituent sampling:
detergent — tapwater/DIW — acid, if needed = DIW.
2. Rinse equipment with IBW at least three times.

3. Collect the IBW blank sample for analysis of inorganic con-
stituents.

4. Resume equipment cleaning for organic-compound sampling:
methanoal, if needed — air-dry exposed surfaces = 1BW or
PBW, as appropriate. Remove methanol from pumps, tubing,
and other equipment, as described in NFM 3.

5. Rinse equipment at |least three times with the appropriate
organic-grade blank water (VPBW or PBW).

6. Collect the VPBW (or PBW) blank sample for analysis of
organic compounds.
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The process of producing afield blank can be designed to collect
simultaneously blanks for each component of the sampling system
(fig. 4-14). If laboratory analysis of the analytes being quality con-
trolled is not time dependent, the sequential blank samples represent-
ing components of the sampling system, as well as any associated
source-solution and ambient blanks, normally can be stored for up to 6
months.

» If the field-blank data indicate constituent concentrations at
acceptable levels, then the associated set of sequential blanks
can be discarded. (Be sure to use appropriate means for
disposing of chemically treated solutions.)

» If laboratory data indicate greater than acceptable
concentrations:

— Submit the source-solution blank, ambient blank(s), and
equi pment-component blank(s) (the sampler blank, splitter
blank, pump blank, and so forth) to the laboratory for
analysis.

— Usethe data from equipment-component blank samplesto
identify the source(s) of contamination detected in the field
blank.

» Once the source of contamination has been identified, take the
measures needed to mitigate or eliminate the contamination for
future sampling efforts.

Prevent contamination of the source-solution
and blank sample by capping the respective

bottles immediately after decanting the
volume of blank solution needed.
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EXAMPLE OF FIELD-BLANK SAMPLE COLLECTION

A set of blanks can be generated that is associated with the field blank to help determine which equipment
component in the system could be a source of contamination. The field blank isthe final sample that represents
all equipment components of the sampling system. After each blank sampleis collected, preserve and store sample
asrequired.
— Surface-water field blank: follow steps 1 through 4. In this example, the equipment used includes a
US D-95 sampler, 8-liter (L) churn splitter, peristaltic pump, and filter assembly.
— Ground-water field blank: follow steps 1 and 2. In this example, the equipment used includes a
submersible pump and afilter assembly.

Surface-water field blank

- (3) Pump (4) Filter Field blank
(1) Sampler @ ?JT;Etl(er blank blfink (sampler +
blank | gl (splitter +| — (pump + (filter + | —3|  splitter +
(sampler) sampler) splitter + splitter + pump +
sampler) sampler) filter)

l— Ground-water field blank —|

(2) Filter Field blank
@ Pume blank (pump +
(pump) —p (filter+ |[—r  filter)
pump)

Sampler Blank. Using the blank water selected, rinse and then fill the sampler; attach sampler cap and nozzle;
pour the required volume through nozzle into sample bottle.

Splitter Blank.! Rinse churn splitter with blank water. Pour the blank water remaining in the sampler through the
sampler nozzle and into the 8-L churn splitter. Refill sampler, repeat until churn contains3to 5 L of blank
water. Process the required blank-sample volume through the churn spigot into the splitter-blank bottle. (If a
cone splitter is used instead of a churn splitter, the blank sample is processed through the exit port tubes.)

Pump Blank.!

» Surface-water example: Using the peristaltic pump, thread the intake end of clean tubing into churn
splitter through the funnel, and cap the funnel 1oosely. Insert the discharge end of the pump tubing into
aprocessing chamber and pump blank water through the tubing for an initial rinse, discharging rinse
water to waste. After the rinse, pump the required volume of blank water from the churn splitter into
the pump-blank bottle.

¢ Ground-water example: Rinse a precleaned, noncontaminating standpipe with blank water and
discard rinse water. Place submersible pump into the standpipe and pour in blank water—keep water
level above the pump intake. Insert discharge end of pump tubing into a processing chamber. Circulate
blank water through pump and tubing to rinse, discharging rinse water to waste. Pump the required
volume of blank water from the standpipe into the pump-blank bottle.

Field Blank. Thefield blank in this exampleisidentical to thefilter blank® because the filter assembly isthe
final component of the equipment system through which the blank is processed. Working in the processing
chamber, precondition the filter with blank water (NFM 5).

» Surface-water example: Pump therequired volume of blank water from the churn splitter through the
prerinsed filter assembly into the field-blank bottle.

*  Ground-water example: Pump the required volume of blank water from the standpipe through the
prerinsed filter assembly into the field-blank bottle.

IThese are special cases of a splitter blank, pump blank, and filter blank, respectively, because the equipment
component named is the final component but not the only component contacting the blank sample.

Figure 4-14. Example procedure for collecting a field-blank quality-control sample.
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REPLICATE SAMPLES 4.3.2

The primary purpose of replicate samplesisto identify and (or) quantify the
variability in al or part of the sasmpling and analysis system. Replicates—
environmental samples collected in duplicate, triplicate, or greater
multiples—are considered identical or nearly identical in composition and
are analyzed for the same chemical properties. Common types of replicates
are described below and summarized in Appendix A4-C. Field personnel
should be careful to keep detailed notes on exactly how the replicate samples
were collected and processed, to help distinguish the sources of variability
that affected the samples.

Replicate samples are collected simultaneously or
close in time with the associated environmental

sample, using identical procedures.

Concurrent Replicates 4.3.2.A

Concurrent replicates are two or more samplesof environmental water that are
collected simultaneously or at approximately the same time. Concurrent
replicates provide basic QC datafor surface-water sampling and incorporate,
for example, the total variability introduced from collection, processing, and
shipping of the sample; the variability inherent in the agueous system across
a short distance in space and time; and the variability inherent in laboratory
handling and analysis of the samples.

Depending on study objectives, duplicate samples can be collected
concurrently by using two sampling devices of the same type or by filling
separate sample-compositing containers using the same sampling device.

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9





144

—COLLECTION OF WATER SAMPLES

Thefollowing procedure, adapted from Horowitzand others (1994), isused
at surface-water sitesto fill two or more sample-compositing containers
(usually churn splitters):

1. Complete equipment field-rinsing procedures (surface water,
section 4.1.3; ground water, section 4.2.2.C), using two clean churn
splitters. Label the sample bottles appropriately. Change gloves.

2. Atthefirst vertical of an EWI or EDI section, collect a sample and
pour it into the churn splitter 1 (section 4.1).

3. Usingidentical technique, resample at the first vertical and pour the
sampleinto churn splitter 2.

4. Moveto the second vertical, collect the sample, and pour it into churn
splitter 2.

5. Usingtheidentical technique, resample at the second vertical and pour
the sampleinto churn splitter 1.

6. Collect and pour samplesinto each churn splitter in this manner for
each of the remaining verticals, alternating churn splitters as
described in steps 2 to 5 above.

7. Usingidentical technique, process and preserve a sample from churn
splitter 1 and then from churn splitter 2.

4.3.2.B Sequential Replicates

Sequential replicates are samples of environmental water — commonly
ground water —that are collected consecutively (one after the other) from the
same sampling site and that are subjected to identical laboratory analysis.
The sequential replicate can be collected, for example, as a sample pumped
from awell or stream. Sequential replicates are used to assess variability
among samples that result from field activities (collection, processing, and
shipping procedures). Because sequential replicates are not collected
simultaneously, inhomogeneities in the water resource are incorporated into
the variability measured. Also included is the variability inherent in
laboratory handling and analysis of the samples.
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When collecting sequential replicates for whole-water samples:

1. Useidentical sampling procedures and supplies, collecting the sample for
each analysis one after the other.

2. Preservethe replicate-sample set in the same order as the order in which
the samples were collected.

When collecting sequential replicates for filtered samples, use the procedure
that best fits study objectives:

1. Trace-element samples or sample set for inorganic and nutrient analyses
that includes trace metals:
a. For each replicate prepare a capsulefilter unit as described in NFM 3
and NFM 5.2. Two replicates, for example, require two precleaned
capsule filters.

b. Install “Filter A” and follow filtration procedures and analyte
sequence described in NFM 5.2. Trace-element (FA) samples are
filtered first, passing no more than 200 mL of sample water through
the capsule filter.

c. Remove and discard Filter A. Change gloves.

d. Install “Filter B.” Useidentical procedures and sampling sequence as
were used for the “Filter A” sample set.

e. Continue with this procedure for each additional replicate. This
procedure hel ps assess the variability in sample chemistry over the
time period of sample collection that results from sampling and
laboratory procedures, including a potential effect from using
different capsule filters. Potential effects from using different filter
unitsis considered insignificant compared to those from particulate
loading of the filter (Horowitz and others, 1994; USGS Office of
Water Quality Technical Memorandums 92.13 and 93.05).

2. Pesticides and other filtered organic-compound samples:

e If thereis minor or no visible loading of particulate matter on the filter,
then replicate samples can be collected one after another without
changing filters.

e If filter loading is observed, using a different filter in the manner
described above for trace-element samples is recommended. The deci-
sion, however, depends on the data-quality requirements of the study
and professional judgment.

16This method fulfills the objective to maintain the operational pore-size definition of the filtered-
samplefor trace-element analysis; onefilter unit isdesignated per trace-element sample set in order
to maintain comparable particulate loading on the filter.
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4.3.2.C Split Replicates

Split replicates are samples obtained by dividing one sample that is designated
for a specific laboratory analysisinto two or more subsamples (replicates), each
of which is submitted to one or more laboratories for identical analysis. Split
replicates can be collected for different purposes, depending on the procedures
employed and whether the purpose is to determine variability from field plus
laboratory processes (the field-replicate split sample) or from laboratory
procedures (the lab-replicate split sample).

When collecting split replicates, sample bottles must be labeled carefully, and
the sequence of procedures used must be recor ded.

» Lab-replicate split sample. A sample collected in asingle bottle that is
split into two or morereplicates after having been processed and preserved
is used to answer the question: “What is the variability associated with
laboratory handling and analysis of the sample?’ Thistype of split replicate
sample typicaly is prepared from filtered samples; it is not appropriate,
generally, for whole-water sampl es containing noticeabl e concentrations of
suspended material.

To collect alab-replicate split sample (adapted from Horowitzand others,
1994):

1

Wearing disposable, powderless gloves and working inside a processing
chamber, start with afull bottle of sample! to which the appropriate
chemical treatment has been added. Shake the sample thoroughly to mix.

e For inorganic samples only, use abottle rinsed at least twice with
IBW and then field rinse the bottle with a small volume of processed
sample.

e Do not prerinse bottles for organic samples.

Transfer the entire contents of the first bottle to the second bottle. Cap
and shake the second bottle.

Uncap the second bottle and pour its entire contents back into the first
bottle. Cap and shake.

Uncap the bottles and pour one-half of the sample from the first bottle
into the second bottle. Cap both bottles tightly.

1The volume of sample collected and that of the split replicates depends on the volume of sample
reguired by the laboratory for the analysis desired.
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» Field-replicatesplit sample. A sample split into subsamples by
use of achurn splitter, cone splitter, or T-valve (such asthat used on a
ground-water manifold device, fig. 4-10), for example, can be used to
answer the question, “What isthe variability associated with the entire
sampling (including any sample collection, processing, preservation,
shipping, and laboratory handling and analysis) processes?’ Bottles
of the replicate samples must be |abeled appropriately, and the
sequence of procedures used must be recorded. To split concurrent
replicate samples that were processed through separate compositing
devices (such as churn splitters), follow the procedure shown in steps
1-4 above and label the samples as follows:

To collect a field-replicate split sample (adapted from Horowitz and
others, 1994).

Churn splitter 1: first bottle "Site (X), Sample 1, Split A"
"Site (X), Sample 1, Split B"

Churn splitter 2: first bottle "Site (X), Sample 2, Split A"
"Site (X), Sample 2, Split B"
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43.3 SPIKE SAMPLES

A “spike” sample is an environmental sample to which target com-
pounds (the field-matrix spike mixture) are added after the sample has
been processed. Field-spike samples are used to measure bias and
answer the question “What loss or gain of target analytes occurred
because of degradation and water-matrix characteristics?’ Bias deter-
mined from spikes is termed “recovery” and reflects the amount of
analyte(s) measured expressed as a percentage of the amount spiked.

Spike samples can be customized to address the source of the bias
(water matrix, degradation, laboratory method performance) in the data.
To address bias from degradation, samples should be spiked in the field
as soon as possible after collection. A combination of alaboratory spike,
field spike, and field-spike replicate provides the most information,

but may not be needed for a given study.

©RULE OF THUMB:
Spikewhen tar get compoundsar e expected to below; specifically,
when target compounds are at least a factor of two lessthan the
spiking level.

The numbers and types of spike samples to be selected depend on
study objectives and data-quality requirements. However, an unspiked
environmental sample must accompany each spiked environmen-
tal sampleto correct the data for background concentrations.
Training is required before personnel attempt to spike samples. USGS
personnel obtain spike solutions, spike kits, and instructions through
the NWQL One-Stop Shopping system.

Field-matrix spike mixtures are prepared in a laboratory and
commonly are added to environmental samples designated for organic-
compound analysis.

» Short-term use: keep matrix-spike ampoules chilled at al times.
Spike compounds are unstable and degrade rapidly at room
temperature.

» Long-term use: store spike mixturesin afreezer.

» Spike mixtures contain toxic compounds. Dispose of waste
materials in accord with current local and State regul ations and
USGS Science Center guidelines.
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When preparing field-spiked samples for pesticides or VOCs, follow
the procedure listed below:

1. Samples should be processed, spiked, and chilled immediately after
collection. If spiking is delayed, keep sample chilled until and after
it is spiked. Check that the sample bottles are |abeled appropriately:

e FS =field-spiked sample
e FSR =field-spiked replicate
e LS = lab-spiked sample

2. Wearing disposable gloves and working in a preservation chamber,
follow the laboratory instructions for spiking the sample. Be sure
that the spike mixture is the one intended for the sample, in terms
of analytes, volume, and concentration.

3. Chill field-spiked samplesto 4°C or below without freezing, and
handlein a manner identical to that of the unspiked environmental
sample.

4. Record the following information related to the spike sample on
field and NWQL Analytical Services Request forms: lot number
of spike solution, volume of spike solution, and source of spike
solution.

CAUTION: Spike mixtures can be toxic and
might cause cancer or other diseases.
Follow the laboratory-prescribed spiking

instructions meticulously. Work in a well-
ventilated area and avoid inhalation and
skin and eye contact.
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43.4 REFERENCE SAMPLES

Standard-reference-water samples (SRS) and reference-material sam-
ples that are submitted by field personnel for laboratory analysis can
be used to answer questions, such as“What are the bias and variability
associated with field-handling, shipping, and laboratory procedures’?
Reference samples typically are submitted from the field as blind sam-
ples (section 4.3.5) and as split replicate samples (section 4.3.2.C)
because the composition is known, thus eliminating guesswork regard-
ing the accuracy of the analytical results.

Reference samples for inorganic analytesin anatural water matrix cur-
rently are available to USGS personnel from the USGS Branch of
Quality Systems. The National Ingtitute of Standards and Technol ogy
and some commercial laboratories also supply reference materials.

When preparing reference samples, follow the procedure listed
below:

1. Preparethissample beforeleaving for thefield site.

a. Relabel the reference-sample bottle with the site
identification code and afield date and time. The sample
should appear asif it is an environmental sample.

b. Process SRS or reference-material samplesin aclean
environment in the office laboratory, under a laminar-flow
hood or other protective chamber, to avoid atmospheric
contamination. Do not process these QC samplesunder a
fume hood.

c. Rinse each sample bottle three times with a small volume of
SRS or reference-material sample, fill the bottle with the
reference solution, and cap securely.
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2. Prepare an Analytical Services Regquest (ASR) form; record the
SRS or reference-material sample identification code (from the
original container) in field notes.

3. Pack the sample and the accompanying ASR form to take to the
field site.

4. Ship SRSor reference-material samplesin the same container with
the environmental and other QC samples collected at the field site.

43.5 BLIND SAMPLES

For blind samples, the source and chemical composition of the sam-
ples are known to the submitter but typically not known to the analyst;
therefore, blanks, SRS, or reference material often are used as blind
samples. Blind samples can be designed to answer questions such as
“What bias and variability are introduced by procedures used within a
single laboratory or among laboratories?’ Replicate or spike samples
sometimes are used to answer a similar question, but with greater
potential for more variability.
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CONVERSION FACTORS, SELECTED
TERMS, AND ABBREVIATIONS

CONVERSION FACTORS

Multiply By To obtain
foot (ft) 0.3048 meter
galon (gal) 3.785 liter
inch (in.) 254 millimeter
meter (m) 3.281 foot
micrometer (um) 3281x10%  foot
millimeter (mm) 0.03937 inch
milligram (mg) 3527x10°  ounce, avoirdupois
microgram (ug) 3527 x 107 ounce
liter (L) 0.2642 gallon
milliliter (mL) 2.64x 104 gallon

Temperature: Water and air temperature are given in degrees Celsius (°C),
which can be converted to degrees Fahrenheit (°F) by use of the following
equation:

°F = 1.8(°C) + 32

SELECTED TERMS

Accuracy: The degree of agreement of a measured value with the true or expected
value (Taylor, 1987).

Analyte (target analyte): “ Substances being determined in an analysis’ (from
Bennett, 1986). The term target analyte is used in this report to refer to any chemi-
cal or biologica substance for which concentrationsin a sample will be deter-
mined. The definition for target analyte does not include field-measured
parameters such as specific electrical conductance, pH, temperature, dissolved
oxygen, Eh, alkalinity, color, or turbidity.

Aquifer: “A saturated permeable geologic unit that can transmit significant quan-
tities of water under ordinary hydraulic gradients” (Freeze and Cherry, 1979).

Area-weighted sample: A samplethat containsan equal volume from each unit of
area sampled.

Bias: Systematic error inherent in a method or caused by some artifact or
idiosyncrasy of the measurement, collection, or processing system; systematic
directional error measured by the use of blank, spike, and reference-material
samples. The error can be positive (indicating contamination) or negative
(indicating loss of analyte concentration) (from Taylor, 1987).
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Bag samplers: Samplerswhose containers are bagsthat instantly transmit the
ambient pressure to the interior of the sample container and do not have open-
ing or closing valves.

Bottle samplers: A rigid sample container that does not instantly transmit the
ambient pressure to the interior of the sample container and has neither pres-
sure compensation nor opening and closing valves. Point samplers described
in Edwards and Glysson (1999) use rigid bottles but have pressure compensa-
tion and opening and closing valves and are not considered bottle samplers
for the purposes of this document. Thetablesin Appendix A4-A were not
designed for use with point samplers.

Centroid (as used to designate a special case of stream-sampling location for
the equal -discharge-increment method): The vertical in the increment at
which discharge is equal on both sides of the vertical (G. Douglas Glysson,
U.S. Geological Survey, written commun., 1997).

Contaminant: Biological, chemical, or physical substances or properties
added to the medium of concern through human activity or natural processes
and that corrupt its ambient composition.

Contamination (of water): Corruption of ambient water composition or
attributes by the addition of biological, chemical, or physical substancesasa
result of human activity or natural processes. Addition of such substances can
degrade the quality of the water resource.

Data-quality requirements: That subset of data-quality objectives pertaining
specifically to the analytical detection level for concentrations of target ana-
lytes and the variability allowable without compromising achievement of the
scientific objectives of the study.

Depth-integrated sample: A sample collected when each vertical portion of
the stream depth is represented in the sample in proportion to the desired sam-
pling scheme.

e Depth integration. “A method of sampling at every point through-
out a given depth (the sampled depth) whereby the water-sediment
mixtureis collected isokinetically so that the contribution from each
point is proportional to the stream velocity at the point. This process
yields a sample with properties that are discharge weighted over the
sampled depth” (ASTM, 1990).

o Depth integration for a discharge-weighted sample. “A discharge-
weighted (vel ocity-weighted) sample of water-sediment mixture col-
lected at one or more verticalsin accordance with the technique of
depth integration; the discharge of any property of the sample express-
ible as a concentration can be obtained as the product of the concentra-
tion and the water discharge represented by the sample” (ASTM,
1990). For a discharge-weighted sample, the water-sediment mixture
is collected isokinetically so that the contribution from each point is
proportional to the stream velocity at the point (that is, the sample
contains an equal volume from each unit of discharge sampled).
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e Depth integration to collect an area-weighted sample. The ASTM
definition of depth integration does not accommodate the concept of
an area-weighted sample. Areaweighting is similar in concept to
discharge weighting, except that the water-sediment mixture is col-
lected so that the contribution from each point is proportiona to the
stream area at the point (that is, contains an equal volume from each
unit of area sampled). Area-weighted sampling is used to obtain a
sample that contains the average concentration of a property that is
observed in a cross section. Averaged in situ field measurements of
streams are more nearly areaweighted than discharge weighted. The
product of an area-weighted property concentration and the stream
discharge would not yield the discharge of the property unless the
stream contained the same property concentration at every point.

Discharge-weighted sample: A sample that contains an equal volume from
each unit of discharge sampled.

Equal-width-increment (EW1) and equal-dischar ge-increment (EDI)
sample-collection methods: Methods specifically designed to result in the
collection of discharge-weighted, depth-integrated, isokinetic samples
(Edwards and Glysson, 1999). When either method is used properly, the
resulting samples contain the same property concentrations.

I sokinetic sampling: A sample collected in such away that the water-sedi-
ment mixture moves with no change in velocity asit leaves the ambient flow
and enters the sampler intake (ASTM, 1990).

Precision: The degree of mutual agreement characteristic of independent
measurements as the result of repeated application of the process under speci-
fied conditions (Taylor, 1987).

Purging: Refersto removal of water standing in a cased well or borehole
before water samples are collected for analysis.

Quality Assessment: Overall process of assessing the quality of the environ-
mental data by reviewing the application of the quality-assurance elements
and the analysis of the quality-control data.

Quality Assurance (QA): A system of protocols and proceduresimple-
mented to meet expected standards of quality needed to fulfill study objec-
tives and control unmeasurable components of a study, such as sampling at
the right place and (or) time using the correct equipment and techniques.

Quality Control (QC): A system of activities (such as collection of blank or
replicate samples) whose purpose is to assess the quality of environmental
data by generating a set of datathat will be used to estimate the magnitude of
the bias and variability resulting from the procedures used for obtaining the
data

Raw sample: A whole-water (unfiltered) sample that has not been processed
through afilter or other phase-separation device.
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Transit: To move the sampler from the stream surface to the streambed or
from the streambed to the surface.

Transit rate: The rate at which the sampler is passed through the water from
the stream surface to the streambed or from the streambed to the surface.

Unsampled zone: The unsampled portion of the sampling vertical, usually
assumed to be the zone from the streambed to the sampler intake. Generally,
sampler intakes are 4 to 7 inches above the streambed, depending on the kind
of sampler used.

Variability: Random error in independent measurements as the result of
repeated application of the process under specific conditions; random error
measured by the use of environmental or QC-sampl e replicates.

Vertical: Refersto that location within the increment at which the sampler is
lowered and raised through the water column.

Water Science Center: An office of the USGS, Water Resources Discipline,
located in any of the States or territories of the United States.

Wholewater sample: (see Raw sample).
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ABBREVIATIONS

~ approximately

= equal to

> greater than

> greater than or equal to

< less than

< less than or equal to

+ plus

+ plus or minus

ft/s feet per second

ga/min  gallon per minute

L liter

L/min liter per minute

pg/L microgram per liter (equivalent to parts per billion)
ps/cm microsiemens per centimeter

mg/L milligram per liter

mL/min  milliliter per minute

ppb parts per billion (equivalent to micrograms per liter)

ADAPS Automatic Data Processing System
ASR Analytical Services Request
ASTM ASTM, International

BOD biochemical oxygen demand

CFC chlorofluorocarbon

CH/DH  Clean Hands/Dirty Hands

DIW distilled, deionized water

DO dissolved oxygen

DOC dissolved organic carbon
EDI equal-discharge increment
EWI equal-width increment

FS field-spiked sample

FSR field-spiked replicate sample

GPS global positioning system

GWSI ground-water site inventory database, a subsystem within the
USGS National Water Information System (NWIS)

IBW inorganic-grade blank water

ID identification number that isuniqueto afield site, station, or well
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LNAPL light non-aqueous phase liquid

LS laborabory-spiked sample

MP measuring point on a ground-water well

NAWQA Nationa Water-Quality Assessment Program (USGS)

NFM National Field Manual for the Collection of Water-Quality Data

NFSS National (USGS) Field Supplies Service (also referred to as
“One-Stop Shopping”)

NIST National Institute of Standards and Technology

NPDES National Pollutant Discharge Elimination System

NWIS National Water Information System of the USGS

NWQL  National Water Quality Laboratory

oGwW Office of Ground Water, USGS

owQ Office of Water Quality, USGS

PBW pesticide-grade blank water

PCB polychlorobiphenyls

Q rate of discharge

QA guality assurance

QADATA quality-assurance database within NWIS

QAP Quality Assurance Plan

QC quality control

SFg sulfur hexafluoride

SAP Sampling and Analysis Plan

SPMD semi-permeable membrane device

SRS Standard reference water sample

TBY turbidity

TOC total organic carbon

TU turbidity unit

URL Uniform Resource Locator

USGS U.S. Geological Survey

VPBW  volatile-organic-compound and pesticide-grade blank water,
purged with nitrogen gas

VCF single vertical at centroid of flow

VOC volatile organic compound
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TECHNICAL MEMORANDUMS OF THE U.S.
GEOLOGICAL SURVEY, WATER DISCIPLINE

The following U.S. Geological Survey Branch of Quality Systems
(formerly Branch of Quality Assurance), Office of Water Quality,
National Water Quality Laboratory, and Water Resources Policy
Memorandums are available on the World Wide Web at
http://water.usgs.gov/admin/memo/.

Memo -
No. Title Date
Branch of Quality Systems

90.03 ADP—Storage of water-quality, quality- undated
assurance datain NWIS

92.01 ADP—Storage of water-quality, quality- undated
assurance datain NWIS

95.01 ADP—Storage of water-quality quality- October 28, 1994
assurance datain NWIS

Office of Ground Water

03.03 Agreement forms for gaging station and September 17, 2003
observation well installations and transfers

06.01 Storage of water-level datafor ground water February 2, 2006

Office of Water Quality

92.02 FIELD TECHNIQUES—Field preparation of ~ December 20, 1991
containers for agueous samples

92.13 Trace element contamination: findings of July 17, 1992
studies on the cleaning of membrane filters and
filtration systems

93.05 Programs and Plans—Eval uation of capsule January 21, 1993
filters

94.08 Collection, handling, and analysis of January 14, 1994
environmental samplesin support of regulatory
projects

94.09 Revision of new Division protocol for January 28, 1994

collecting and processing surface-water
samples for low-level inorganic analyses

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9





16

—COLLECTION OF WATER SAMPLES

97.06 Comparison of the suspended-sediment May 5, 1997
splitting capabilities of the churn and cone
splitters

99.02 Guidance for collecting discharge-weighted October 28, 1998
samplesin surface water using an isokinetic
sampler

00.10 Discrete water-quality datain NWISWeb September 15, 2000

01.02 Guidance for verifying and interpreting field November 14, 2000
blank determinations that indicate high
pesticide or trace-element concentrations or that
show large numbers of detections

01.03 Collection and use of total suspended-solids November 27, 2000
data

02.11 Policy for storing and reporting significant February 14, 2002
figures for chemical data

02.13 Water-quality field methods/National Field March 15, 2002
Manual for the Collection of Water-Quality
Data

06.01 Storage of water-level datafor ground water February 2, 2006

National Water Quality Laboratory

02.04 Requirements for the proper shipping of September 23, 2002
samples to the National Water Quality
Laboratory

Water Resources Policy Memorandums

90.34 Policy for permission to sample March 26, 1990

92.59 Policy for management and retention of undated [1992]
hydrologic data of the U.S. Geologica Survey

94.008 LEGAL—Agreement forms 9-1482, February 18, 1994

9-1482A, and 9-1483

99.03 SAFETY—Water Resources Division November 17, 1998
hazardous waste site operations—Revised
safety policy and guidance

99.32 SAFETY—Water Resources Division policy ~ August 17, 1990
for safety associated with measurements,
sampling, and related streamgaging

99.34 Quality assurance measures for serving real- February 28, 2000

time water data on the World Wide Web

Collection of Water Samples, Version 2.0 (9/2006)
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APP.A2—COLLECTION OF WATER SAMPLES

APPENDIX A4-A
Transit Rate and Volume Guidelines and Filling Times
for Isokinetic Samplers

The tablesin Appendix A4-A apply to the first complete round-trip transit starting with an empty
sampler container. Thesetables are valid only if the sampler is emptied between verticals.

Tables 1 through 5 show:

1

Isokinetic transit rates and volumes for a 1-liter bottle sampler (US DH-81,
US DH-95, US D-95) with a

a 3/16-inch nozzle

b. 1/4-inch nozzle

c. 5/16-inch nozzle

The designationsin the RATE column of tables 1a, 1b, and 1c are defined as follows:
Slowest The transit rate that fills the sampler to its maximum volume.

Safefull volume Thetransit rate that will result in avolumein abottle sampler such that, if
the sampler nozzle istipped 10 degrees down from the horizontal, no sample will spill from the
nozzle.

Fastest Thetransit rate that isthe fastest rate to avoid compression problemsin bottle sam-
plers or to not exceed atransit rate that is more than 0.4 times the stream velocity for bag sam-
plers.

Isokinetic transit rates and volumes for aUS DH-2 sampler (1-liter bag) with a
a 3/16-inch nozzle

b. 1/4-inch nozzle

c. 5/16-inch nozzle

Isokinetic transit rates and volumes for a US D-96 sampler (3-liter bag) with a
a 3/16-inch nozzle

b. 1/4-inch nozzle

c. 5/16-inch nozzle

Isokinetic transit rates and volumes for a US D-99 sampler (6-liter bag) with a
a. 1/4-inch nozzle

b. 5/16-inch nozzle

Filling times, in seconds, for isokinetic samplers

a USDH-81

b. USDH-95

c. USD-95

d. USDH-2

e. USD-96

f. USD-96 A-1

g. USD-99
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COLLECTION OF WATER SAMPLES—APP.A3

APPENDIX A4-A-Table 1a. Isokinetic transit rates for a 1-liter bottle sampler with a 3/16-inch
nozzle.

[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter; --,
not applicable]

Depth Mean stream velocity in vertical (feet per second)
(in Volume
feet) Rate 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 6.0 | 7.0 | 80 | 9.0 | (mL)

1 | slowest | 0.02 | 0.02|0.03|0.03|0.04|004|005|005| 01| 01| 01 ] 01 1,000
safe full

1 volume | 0.02 | 0.03 | 0.03 | 004 | 005|005 01 | 01 | 01 | 0.1 | 01 0.1 800

1 fastest | 0.1 | 02 | 02 | 03 | 03 | 03| 04| 04| 05| 06| 07 0.7 130

2 | dowest [003[004[005] 010101 f01|01|O01]|O01]02]02 1,000
safe full

2 volume | 004|005 01 | 01| 01|01 |01(01]|02]|02]02 0.3 800

2 fastest | 01 | 02 ([ 02 [ 03 | 03 | 04 | 04| 05| 05| 06| 07 | 08 240

3 |dowest [005] 01 |01 ]01[01[01f01|02|02]|02]|03]03 1,000
safe full

3 volume| 01 | 01|01 01|01|02|02|02]|03]| 03] 03 0.4 800

3 fastest | 01 | 02 [ 02 [ 03 | 03 |04 | 04| 05| 06| 07| 08| 09 340

4 |sowest| 01| 01]01]01]01]02]02]02]03]03]03] 04 1,000
safe full

4 |volume| 01| 01|01|02|02|02|03|03|03|04]|04]05 800

4 fastest | 02 | 02 [ 03 [ 03 | 04 | 04| 05| 05| 06| 07| 08| 09 420

5 |dowest | 01 | 01 | 01 |02 [ 02[02[02|03|03|04]| 047105 1,000
safe full

5 |volume| 01 | 01| 02| 02|02|[03 03|03 |04|05| 05|06 800

5 fastest | 02 | 02 (| 03 (| 03 | 04 | 04 | 05| 06| 07| 08| 09|10 500

6 sowest | 01 | 01 | 02 | 02| 02| 03|03|03|04](|04] 05 0.6 1,000
safe full

6 |volume| 01 | 02| 02| 03[03|[03|04|04|05|06| 07|07 800

6 fastest | 0.2 | 02 | 03 | 04 | 04 | 05| 05| 06|07 | 08] 09 1.1 560

7 |dowest| OL ]| O1] 02 ]02]03]03]03]04]04]05]06]07] 1,000
safefull

7 volume | 01 | 02 | 02| 03| 03| 04|04 |05| 06| 07| 08 0.9 800

7 fastest | 0.2 | 03 | 03 | 04 | 04 | 05| 06 | 06 | 0.7 | 0.9 1.0 1.1 610

8 |[dowest| 01| 02]]02]03]03]|03[04|04[05][]06] 07 ]08 1,000
safe full

8 volume | 02 | 02 | 03| 03| 04| 04| 05|05| 07| 08| 09 1.0 800

8 fastest | 02 | 03 | 03 | 04 | 05| 05| 06| 07 | 08| 0.9 1.0 12 670

10 [ Slowest | 02 | 02 | 03] 03| 04| 04| 05| 05|06 |07 (087109 1,000
safefull

10 | volume | 02 | 03 | 03| 04 | 05| 05| 06| 07| 08| 10 1.1 12 800

10 | fastest | 02 | 03| 04| 04| 05| 06| 07|07 |09 |10 12|13 760

12 | sowest | 02 | 03| 03| 04| 04| 05| 06|06 ]|08]09] 10/ 11 1,000
safe full

12 | volume | -- - - - - -- - - - - - - -

12 | fastest | 02 | 03| 04| 05| 06| 06| 07| 08|09 | 21113 | 14 830

14 |[dowest | 02 | 03 |04 [ 04| 0506|0707 ] 09] 10 12 13 1,000
safe full

14 | volume | -- - - - - -- - - - - - - -

14 | fastest | 03 | 03| 04| 05| 06| 07| 08|09 | 10| 12| 14 [153 900

15 | dowest | 02 | 03[ 04 | 05| 05|06 |07 | 08| 09|11 12 14 1,000
safe full

15 | volume | -- - - - - -- -- - - - - - -

15 fastest | 0.3 | 04 | 04 | 05| 06 | 07 | 08| 09 | 11 | 1.2 14 16 920

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9





APP.A4—COLLECTION OF WATER SAMPLES

APPENDIX A4-A-Table 1b. Isokinetic transit rates for a 1-liter bottle sampler with a 1/4-inch

nozzle.
[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter; --,
not applicable]
Depth Mean stream velocity in vertical (feet per second)
(in Volume
feet) | Rate | 1.5 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 60 | 70 | 80 | 9.0 | (mL)
1 slowest | 003|004 005( 01| 0101|0101 |01]|01]|02]02 1,000
safe full
1 |volume|004|005(01|01|01]|01|01|01|02|02]|02]|02 800
1 fastest | 02 | 0.3 | 04 | 04| 05|06 | 07| 07|09 | 10| 12| 13 130
2 dowest [ 021 | 01|01 |01]|01|02]|]02[02|02]03]03]03 1,000
safe full
2 volume| 01 [ 01| 01| 02| 02|02|02]|02|03|03]| 04|04 800
2 fastest | 02 | 0.3 | 04 [ 05| 06 | 06 | 07| 08| 10| 11| 13| 14 240
3 dowest | 01 | 01 [ 01|02|02|02]|]03[03|03|04]|04]05 1,000
safe full
3 volume | 01 [ 02| 02| 02| 03|03 |03|04|04|05]| 06|07 800
3 fastest | 0.3 | 0.3 | 04 | 05| 06 | 07 | 08| 09| 10| 12| 14 | 15 340
4 slowest | 01 | 02 | 02 | 02| 03| 03| 03|04 |04]| 05| 06|07 1,000
safe full
4 volume | 02 | 02| 02 | 03| 03|04 |04| 05|06 | 07| 08|09 800
4 fastest | 0.3 | 04 | 05 | 06 | 06 | 07 | 08| 09| 11|13 | 15| 16 420
5 slowest | 01 | 02 | 02 | 03| 03| 04| 04][05|06]| 06| 07] 08 1,000
safe full
5 volume | 02 | 02 | 03 | 04| 04| 05|(05| 06|07 |09]| 10|11 800
5 fastest | 0.3 | 04 | 05| 06 | 07 | 08 | 09| 10| 12| 14| 16 | 18 500
6 |slowest| 02 [ 02|03[03|04[04[|05]|06]07]|08][09]|10] 1,000
safe full
6 volume | 02 | 03 | 04 | 04 | 05|06 | 07|07 |09 | 10| 12| 13 800
6 fastest | 0.3 | 04 | 05| 06 | 07 | 08 | 09| 10| 12 | 14 | 1.7 | 19 560
7 |Sowes| 02 ] 03] 03|04 ]05]05]06]06]08]09]10] L2] L000
safe full
7 |volume| 03| 03| 04| 05|06|07|08|09|10| 12| 14| 15 800
7 fastest | 0.3 | 04 | 06 [ 07 | 08| 09| 10| 21| 13| 15| 17 | 20 620
8 |Sowest | 0.2 | 0.3 | 04 | 04 | 05| 06 | 0.7 | 0.7 | 09 | 10 | 12 | 13 | 1,000
safe full
8 volume | 03 | 04| 05| 06 | 07| 08| 09|10 | 12| 14| 16 | 17 800
8 fastest | 03 | 05| 06 [ 07 | 08 | 09| 10| 12| 14| 16| 18 | 21 670
10 |Sowest | 03 | 04 | 05 ] 06 | 06 | 07 ] 08 ] 00 | 11 ] 13| 15| L7 1,000
safe full
10 (volume| 04 | 05| 06 | 07 [ 09| 10| 11 | 12| 15| 17| 19| 22 800
10 fastest | 04 | 05| 06 | 08| 09 | 10| 11| 13 | 15| 18 | 20 | 23 760
12 | slowest | 03 | 04 | 06 | 07 [ 08| 09 | 10 | 11| 13| 16 | 1.8 | 20 1,000
safe full
12 | volume | -- -- -- -- -- -- -- -- -- -- -- -- --
12 fastest | 04 | 06 | 0.7 | 08 | 20 | 1.1 | 13 | 14 | 1.7 | 19 | 22 | 25 840
14 |slowest| 04 | 05| 06 | 08| 09| 10| 12| 13|16 | 18| 21 | 23 1,000
safe full
14 | volume | -- - - - - - - - - - - - -
14 fastest | 05 | 06 | 08 | 09 | 11 | 1.2 | 14 | 15 | 1.8 | 21 | 24 | 27 900
15 |sowest | 04 | 06 | 0.7 | 08 [ 1.0 | 1.1 | 1.2 | 14 | 17 | 19 | 22 | 25 | 1,000
safe full
15 | volume | -- - - - - - - - - - - - -
15 | fastet | 05| 06 | 08 | 09 | 11 | 13| 14 | 16| 19| 22| 25| 28 930
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APPENDIX A4-A-Table 1c. Isokinetic transit rates for a 1-liter bottle sampler with a 5/16-inch
nozzle.

[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter; --,
not applicable]

Depth Mean stream velocity in vertical (feet per second)
(in Volume
feet) Rate 15 | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 60 | 7.0 | 8.0 | 9.0 | (mL)

1 sowest ([004| 01|/ 01|01 |01|01|01|01]|02]02 0.2 0.3 1,000
safe full

1 volume| 01| 01|01 (01|01 |02|02|02]| 02|03 0.3 0.3 800

1 fastest | 0.3 | 05 | 06 | 0.7 | 08 | 09 | 10 | 1.2 | 14 | 16 1.8 2.1 130

2 sowest | 0.1 | 01 | 01| 02|02 |02[03|03|04]| 04 05 05 1,000
safe full

2 volume| 01 | 02 | 02| 02| 03| 03|03|04| 05|05 0.6 0.7 800

2 fastest | 04 | 05 | 06 | 07 | 09 | 1.0 | 11 | 1.2 | 15 | 1.7 | 20 22 240

3 |[Sowest | 01| 02]02|03[03[04|04|04|05]|06] 07 0.8 1,000
safe full

3 volume | 02 | 02 | 03| 03| 04 | 05| 05|06 | 07]| 08 0.9 1.0 800

3 fastest | 04 [ 05 | 07 | 08 | 09| 11| 12| 13| 16| 19 | 21 24 340

4 |sdowest | 02 | 02 | 03| 04]|04]|05]|05]06]07]08]| 09 1.0 1,000
safe full

4 |volume| 02 | 03| 04| 05| 05|06 |07 |08]|09]|11]|12 1.4 800

4 fastest | 04 | 06 | 0.7 | 09 | 10 | 11| 13 | 14 | 1.7 | 20 | 23 26 420

5 |dowest | 02 | 03] 04| 04| 0506|0707 |09]|10] 12 1.3 1,000
safe full

5 |volume| 03 | 04| 05|06 | 07|08 |09 |09 |11|13]| 15 1.7 800

5 fastest | 05| 06 | 08 | 09 | 11 | 12 | 14| 15| 18 | 21 2.4 2.7 500

6 sowest | 0.3 | 04 | 04 | 05| 06 | 07| 08| 09| 10| 12 14 16 1,000
safe full

6 |[volume| 03 | 05| 06| 07|08 |09 |10 (11|14 |16 | 18 20 800

6 fastest | 05 | 06 | 08 | 10| 11| 13 | 15| 16 | 19 | 23 2.6 29 560

7 |dowest| 03 |04 | 0506070809 10] 12| L4 16 | 18 1,000
safe full

7 volume | 04 | 05|07 (08| 09| 11| 12| 13| 16| 19 2.1 2.4 800

7 fastest | 05 | 0.7 | 09 | 10| 12 | 14 | 15| 1.7 | 20 | 24 2.7 31 620

8 sdowest | 04 | 05| 06 | 07 | 08 | 09 | 10 | 12| 14 | 16 1.8 2.1 1,000
safe full

8 volume | 05 | 06 | 08 | 09 | 11| 12| 14| 15| 18 | 21 24 2.7 800

8 fastest | 05 | 07 | 09 | 1.1 | 13 | 14 | 16 | 1.8 | 22 | 25 2.9 3.2 670

10 [Slowest | 04 | 06 | 0.7 | 09 | 1.0 | 1.2 [ 1.3 | 14 | 1.7 | 20 | 23 | 26 1,000
safe full

10 | volume | 06 | 08 | 09 | 11 | 13| 15| 17 | 19 | 23 | 26 | 3.0 34 800

10 | fastest | 06 | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 24 | 28 | 32 | 36 760|

11 [Sowest | 05| 06 | 08 | 1.0 | 1.1 | 1.3 [ 14 | 16 | 19 | 22 | 25 | 29 1,000
safe full

11 | volume | -- - - - - - - - - - - - --

11 | fastest | 06 | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 24 | 28 | 32 | 36 830

12 [dowest | 05 | 0.7 |09 | 10| 12 | 14 [ 16| 17 | 21| 24 2.8 31 1,000
safe full

12 | volume | -- - - - - - - - - - - - --

12 fastest | 06 | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 24 | 28 | 3.2 3.6 910

13 |dowest | 06 | 08 | 09 | 11 | 13 | 15| 17 | 19| 22 | 26 | 3.0 34 1,000
safe full

13 | volume | -- - - - - - - - - - - -- --

13 fastest | 06 | 0.8 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 24 | 28 | 3.2 3.6 980
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APPENDIX A4-A-Table 2a. Isokinetic transit rates for a DH-2 sampler (1-liter bag) with a 3/16-
inch nozzle.

[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Depth Mean stream velocity in vertical (feet per second)
(in Volume
feet) Rate 20 25 3.0 35 4.0 45 5.0 55 6.0 6.5 (mL)

2 dowest {004 01 (01 |01|01]|01|01|01]|01]|01 1,000
2 fastest | 0.8 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 50
4 |dowest| 01|01 |01|02|02|02|02|02]|03]03 1,000
4 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 110
6 sowest | 01 | 02 | 02 | 02 | 03| 03| 03|04 | 04|04 1,000
6
8
8

fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 160
dowest | 02 [ 02 | 03 | 03 | 03| 04| 04| 05| 05 | 0.6 1,000
fastest | 0.8 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 220
10 | dowest | 02 | 03 | 03| 04 | 04 | 05| 05| 06 | 0.7 | 0.7 1,000
10 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 270
12 | dowest | 0.3 | 03 | 04 | 05| 05| 06 | 06 | 0.7 | 08 | 0.8 1,000
12 | festest | 08 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 330
14 | dowest | 0.3 | 04 | 05 | 05| 06| 07| 08 | 08 | 09 | 1.0 | 1,000
14 | festest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 380
16 | slowest | 0.3 | 04 | 05 | 06 | 0.7 | 08 | 09 | 1.0 | 10 | 11 1,000
16 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 440
18 | dowest | 04 | 05| 06| 07| 08| 09| 10| 11 | 12 | 13 1,000
18 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 490
20 | slowest | 04 | O5 | 07 (08| 09|10 | 11| 12| 13| 14| 1,000
20 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 540
22 |slowest | 05 | 06 | 07 | 08| 10 | 11 | 12 | 1.3 | 14 | 16 1,000
22 | fastest | 08 | 1.0 | 12 | 14 | 16 | 18 | 20 | 22 | 24 | 26 600
24 | dowest| 05| 07 | 08| 09|10 |12 |13 | 14| 16 | 17 1,000
24 | fastest | 08 | 1.0 | 12 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 650
26 | dowest | 06 | 0.7 [ 08 |10 | 11| 13| 14| 16| 17 | 18 1,000
26 | fastest | 08 | 1.0 | 12 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 710
28 | dowest | 06 | 08 | 09 | 11 |12 |14 | 15| 17| 1.8 | 20 | 1,000
28 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 760
30 |[slowest| 07 | 08 | 10| 11| 13| 15| 16| 18| 20 | 21 1,000
30 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 820
32 [dowest| 07 | 09 | 10| 12| 14 |16 | 17| 19| 21| 23 1,000
32 | fastest | 08 | 1.0 | 12 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 870
34 |dowest| 07 | 09 | 11|13 |15 |17 | 18| 20| 22| 24| 1,000
34

36

fastest | 0.8 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 920
dowest | 08 | 10 | 12 | 14 | 16 | 1.8 | 19 | 22 | 23 | 25 1,000
36 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 980
37 |slowest | 08 | 1.0 | 12 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 1,000
37 | fastest | 08 | 1.0 | 12 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 1,000
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APPENDIX A4-A-Table 2b. Isokinetic transit rates for a DH-2 sampler (1-liter bag) with a
1/4-inch nozzle.

[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Mean stream velocity in vertical (feet per second)
Depth Volume
(infeet)| Rate 20 2.5 3.0 35 4.0 45 5.0 5.5 6.0 65 | (mL)

2 slowest | 01 | 01 | 01 | 01 | 02| 02| 02| 02| 02| 03 1,000
2 fastest | 08 | 1.0 | 12 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 100
4 slowest | 02 | 02 | 02 | 03 | 03 | 03 | 04 | 04 | 05 | 05 1,000
4 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 190
6 slowest | 02 | 03 | 0.3 | 04 | 05 | 05 | 06 | 06 | 0.7 | 08 1,000
6
8
8

fastest | 08 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 290,
slowest | 0.3 | 04 | 05 | 05 | 06 | 0.7 | 08 | 08 | 09 | 10 1,000
fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 390,
10 slowest | 04 | 05 | 06 | 0.7 | 08 | 09 | 10 | 11 | 12 | 13 1,000
10 fastest | 08 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 480
12 slowest | 05 | 06 | 0.7 | 08 | 09 | 1.0 | 11 | 1.3 | 14 | 15 1,000
12 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 580,
14 slowest | 05 | 07 | 08 | 09 | 11 | 12 | 13 | 15 | 16 | 18 1,000
14 fastest | 08 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 680
16 slowest | 06 | 08 | 09 | 11 | 12 | 14 | 15 | 1.7 | 19 | 20 1,000
16 fastest | 0.8 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 770
18 slowest | 0.7 | 09 | 10 | 12 | 14 | 16 | 1.7 | 19 | 21 | 23 1,000
18 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 870
20 slowest | 08 | 1.0 | 1.2 | 14 | 15| 1.7 | 19 | 21 | 23 | 25 1,000
20 fastest | 08 | 10 | 1.2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 26 970
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APPENDIX A4-A-Table 2c. Isokinetic transit rates for a DH-2 sampler (1-liter bag) with a 5/16-
inch nozzle.

[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Depth Mean stream velocity in vertical (feet per second)
(in Volume

feet) | Rate 20 | 25 | 30 | 35 | 40 | 45 5.0 5.5 6.0 6.5 (mL)
2 slowest | 0.1 | 02 | 02 | 02 | 02 | 03 0.3 0.3 04 04 1,000
2 fastest 08 | 1.0 1.2 14 | 16 1.8 2.0 2.2 24 2.6 150
4 | slowest | 0.2 | 03 | 04 | 04 | 05 | 05 0.6 0.7 0.7 0.8 1,000
4 fastest 08 | 1.0 1.2 14 | 16 1.8 2.0 2.2 24 2.6 300
6 | slowest | 04 | 05 | 05 | 06 | 0.7 | 08 0.9 1.0 11 12 1,000
6 fastest | 08 | 1.0 | 12 | 14 | 16 | 18 2.0 2.2 2.4 2.6 450
8 | slowest | 05 | 06 | 0.7 | 08 | 1.0 | 11 1.2 13 14 1.6 1,000
8 fastest | 08 | 1.0 | 12 | 14 | 16 | 18 2.0 2.2 2.4 2.6 600
10 | dlowest | 06 | 0.8 | 09 11 | 12 14 15 17 18 20 1,000
10 fastest 08 | 1.0 | 1.2 14 | 16 | 18 2.0 2.2 2.4 2.6 750)
12 | dowest | 0.7 | 0.9 11 13| 14 | 16 18 2.0 22 24 1,000
12 fastest 08 | 1.0 | 12 14 | 16 | 18 2.0 2.2 24 2.6 900
13 | slowest | 0.8 1.0 12 14 | 16 1.8 2.0 22 24 25 1,000
13 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 2.0 2.2 24 2.6 980

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9





so|dwes JaTep 10 UoNa||0) Py Jardeyd

6009 19M L AaAIns [ea1B0]089 'S N

APPENDIX A4-A-Table 3a. Isokinetic transit rates for a D-96 sampler (3-liter bag) with a 3/16-inch nozzle.
[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Depth Mean stream velocity in vertical (feet per second) Volume
(infeet)| Rate 20 ( 25 | 30 [ 35 | 40 | 45 | 55 | 6.0 | 65 | 70 | 75 8.0 85 [ 90 [ 95 [10.0 [ 105 [ 11.0 [ 11.5 | 12.0 | 125 | (mL)
2 slowest | 0.01 | 0.02 | 0.02 | 0.03 | 0.03 | 0.03 | 0.04 | 004|005 01| 01| 01 |01 |01} 010101 |01|01]01]|01]| 3000
2 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 50
4 slowest | 0.03|004(004{ 01| 0101|0101 |01|01|012| 01 |01|01]01|01]02|02|02]|02]02 3,000
4 fastest | 08 | 10 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 110
6 slowest |004| 01 (010101010101 |01|02|02| 02 |02|02|02)|02|02|02|02]|03]| 03] 3000
6 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22| 24 | 26 | 28 | 30| 32 | 34 |36 | 38 | 40| 42| 44 | 46 | 48 | 50 160
8 sowest | 01 | 01 | 01|01|01|01}02|02|02|02|02| 02 |02|03|03|03|03|03|03]|03]|04]| 3000
8 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 220
10 slowest | 01|01 |01(01|01|02|02(02|02|03|03| 03 |03|03|03/|04|04|04|04]|04]|05] 3000
10 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 270
12 slowest | 01 | 01|01 02|02|02|02|03|03|03|03| 03 |04|04| 04 |04|05|05|05]|05]|05 3,000
12 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 330,
14 slowest | 01 | 01 | 02| 02| 02| 0203|0303 |04|04| 04 |04|05|05|05|05|06|06]| 06| 06/ | 3000
14 fastest | 08| 10 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 380,
16 slowest | 0.1 | 01 | 02| 02| 02| 03|03|03|04|04|04| 05 |05|05| 06 |06|06|06]|07]|07]|07]| 3000
16 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26| 28 | 30| 32 |34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 440,
18 slowest | 0.1 | 02 | 02| 02 | 03| 03| 04| 04|04|05|05| 05 |06|06| 06 |07]|07|07]|07]|08]|08]| 3000
18 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 490
20 slowest | 01 | 02 | 02 | 03| 03|03 |04|04|05|05|05| 06 |06|07| 07 |07)|08|08|08]|09]09 3,000
20 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 540,
24 slowest | 02 | 02 | 03 | 03| 03| 04| 05|05|06|06|07| 07 |07|08|08/|09|09|10|10]| 10| 11 3,000
24 fostest | 08 | 10 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 650

6V'ddV—S3TdINVS J431VM 40 NOILD3T10D





(9002/6) 0°Z UOISIBA ‘ssjdwes Jayepn JO UONI8||10D

6008 14ML Asnuns [eabojos9 's'N

APPENDIX A4-A-Table 3a. Isokinetic transit rates for a D-96 sampler (3-liter bag) with a 3/16-inch nozzle.—continued
[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

26 slowest | 0.2 | 02 | 03 | 03 |04 | 04| 05| 06| 06|07]|07| 08 |08|08| 09 |09]|10]| 10| 11| 11| 12 | 3,000
26 fastest | 08 | 10 | 12 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 |34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 710
28 slowest | 02 | 03 | 03 | 04 | 04| 05|06 |06|07|07|08| 08 |09|09| 10 |10| 11| 11| 12| 12| 13 | 3,000
28 fastest | 08 | 10 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 760
30 slowest | 02 | 03 | 03 | 04 | 04| 05|06 |07 |07|08|08| 09 |09|10| 10 | 11| 11| 12| 12| 13| 14 | 3,000
30 fastest | 08 | 10 | 12 | 14 | 16 | 18 | 22 | 24 | 26 |28 | 30| 32 |34 |36 | 38 | 40| 42 | 44| 46 | 48 | 50 820
35 slowest | 0.3 | 03 | 04 | 04 | 05| 06 |07 | 08| 08|09|10| 10 |11 |11 | 12 | 13| 13|14 | 15| 15| 16 | 3,000
35 fastest | 08 | 1.0 | 12 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 |34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 950
40 slowest | 0.3 | 04 | 04 |05 |06 |07 |08 |09|09|10| 11| 12 |12 |13 | 14 |14 | 15| 16| 17 | 17 | 1.8 | 3,000
40 fastest | 0.8 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 | 1,090
50 slowest | 04 | 05 | 05| 06| 07| 08|10 |11 |12| 13| 14| 14 |15 |16 | 17 | 18| 19| 20| 21| 22| 23 | 3,000
50 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 | 1,360
60 slowest | 04 | 05 (07 | 08| 09|10 |12 |13 |14 | 15|16 | 17 |18 | 20| 21 | 22| 23| 24| 25| 26| 27 | 3,000
60 fostest | 08 | 10 | 12 | 14 | 16| 18 | 22 | 24 | 26| 28| 30| 32 |34 |36 | 38 | 40| 42| 44 | 46 | 48 | 50 | 1,630
70 slowest | 05 | 06 | 08 | 09| 10| 11|14 | 15|16 | 18| 19| 20 |22 |23 | 24 | 25| 27|28 |29 | 30| 32| 3,000
70 fastest | 0.8 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36 | 38 | 40| 42 | 44 | 46 | 48 | 50 | 1,900
80 slowest | 06 | 0.7 | 09 | 10 | 12 | 13 |16 |17 | 19| 20| 22| 23 |25 | 26| 28 | 29| 30| 32| 33| 35| 36 | 3,000
80 fastest | 0.8 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 | 2200
90 slowest | 0.7 | 08 | 1.0 | 11 | 13 |15 |18 | 20| 21| 23| 24| 26 |28 |29 | 31 | 33| 34|36 | 37| 39| 41| 3,000
90 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 |34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 | 2400
100 | slowest | 0.7 | 09 | 11 | 13 | 14 | 16 | 20 | 22 |24 | 25| 27| 29 | 31|33 | 34 [ 36| 38| 40| 42| 43 | 45| 3,000
100 fostest | 08 | 10 | 12 | 14 | 16| 18 | 22 | 24 | 26 | 28 | 30| 32 |34 | 36| 38 | 40| 42 | 44 | 46 | 48 | 50 | 2,700
110 | slowest | 08 | 10 | 12 | 14 | 16 | 18 | 22 | 24 | 26 | 28 | 30| 32 | 34| 36 | 38 | 40| 42| 44 | 46 | 48 | 50 | 3,000
110 fastest | 08 | 10 | 12 | 14 | 16| 18 | 22 | 24 | 26| 28| 30| 32 |34 |36 | 38 | 40| 42| 44 | 46 | 48 | 50 | 3,000
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APPENDIX A4-A-Table 3b. Isokinetic transit rates for a D-96 sampler (3-liter bag) with a 1/4-inch nozzle.

[Transit rates in feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Depth Mean stream velocity in vertical (feet per second) Volume
(in feet)) Rate 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 [ 65 | 70 | 75 [ 80 | 85 | 90 | 95 [ 100 | 105 | 11.0 | 115 | 120 | 125| (mL)
2 slowest | 0.03|0.03[004{005|/01|01]|{01|01f|01]|01|01]01]01|01]|01]01|01]01]01]|01]O02]02] 3000
2 fastest | 08 [ 10 | 12| 14 [ 16 | 18|20 [ 22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ] 46| 48| 50 100
4 sowest [ 0.1 [O1 [ 0101|0101 []01[01[02[02[02[02[02[02[02]02[03[03]03]03][03] 03] 3000
4 fastest | 08 [ 10 | 12| 14 [ 16 | 18| 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ] 46| 48| 50 190
6 sowest [ 0.1 [ 01 [01[]01[02[02[]02[02[02[03[03[03[03[03[03[]04[04[04]047]047([05]05T] 3000
6 fastest | 08 [ 10 | 12| 14 [ 16 | 18|20 [ 22 |24 ]| 26[28[30|32[34[36|38|40[42 |44 ] 46| 48| 50 290
8 sowest [ 0.1 [ 01 [02]02[02[02[]03[03[03[03[04[04[04[04[05[05]705[05]06]067 067/ 06/ 3000
8 fastest | 08 [ 10 | 12| 14 [ 16 |18 | 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ] 46| 48| 50 390
10 [ slowest [ 0.1 [ 0202 [ 02[03[]03[03[04][]04[04[05]05[05[05[06[06][06][07][07][07]08]08] 3000
10 fastest | 08 [ 10 | 12| 14 [ 16 |18 ]| 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ] 46| 48| 50 480
12 | slowest [ 02 [ 0202 [ 03[03[]03[03[04[]05[05[05[06[06[07[]07[07][]08[08[08][09][09]10] 3000
12 fastest | 08 [ 10 | 12| 14 [ 16 |18 |20 [ 22 |24 |26 [28[30|32[34[36|38|40[42 |44 ]| 46| 48| 50 580
14 | slowest [ 02 [ 02 ] 03[ 03[04[04[05[05]05[06[06[07[07[08[]08[09[09[09[10[10[ 1111 ] 3000
14 fastest | 08 [ 10 | 12| 14 [ 16 | 18|20 [ 22 |24 |26 |28 [30|32[34[36|38|40[42 |44 ]| 46| 48| 50 680
16 [ dowest [ 02 [ 03] 03[ 04[04[05[05[06]06[07[0/7]08[08[09[09[10[10[11[11[12] 12 13| 3,000
16 fastest | 08 [ 10 | 12 | 14 [ 16 | 18| 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ]| 46| 48| 50 770
18 [ dowest [ 02 [ 03] 03[ 04 [ 05057060607 [08[08[]09[09 101011121213 [ 13 [ 14 [ 14 ] 3,000
18 fastest | 08 [ 10 | 12| 14 [ 16 |18 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ]| 46| 48| 50 870
20 | slowest [ 0.3 ] 03 [ 04 [ 05057060607 [08[08[09 101011121213 141415157 16 [ 3,000
20 fastest | 08 [ 10 | 12 | 14 [ 16 |18 ]| 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ]| 46| 48| 50 970
24 slowest [ 0.3 [ 04| 050506 |07]08[08 0910211121213 |14 151516 17| 18 19| 19 | 3,000
24 fastest | 08 [ 10 | 12| 14 [ 16 | 18| 20|22 | 24|26 [28 30|32 |[34|36|38[40[42| 44| 46| 48| 50| 1,160
26 sowest [ 03[ 04 [ 0506 [0/7]08[08[]09 101112 13|13 1415|161/ |18 18] 19 20/ 21 | 3,000
26 fastest | 08 [ 10 | 12 | 14 [ 16 | 18| 20|22 | 24|26 [28 30|32 |[34|36|38[40 |42 | 44| 46| 48| 50| 1,250
28 sowest [ 04 |05 [ 05706 [ 0708091011 [12[|13 14|14 1516|1718 1920|2122 23| 3,000
28 fastest | 08 [ 10| 12| 14 [ 16 | 18| 20|22 | 24|26 [28 30|32 [34|36|38[40 |42 | 44| 46| 48| 50| 1,350
30 sowest [ 0405 [ 06070809 1011|1213 |14 1415|161/ |18 1920|2122 23| 24 3,000
30 fastest | 08 [ 10 | 12| 14 [ 16 |18 20|22 |24 ]| 26|28 [30|32[34[36|38|40[42 |44 ]| 46| 48| 50 1,450
35 sowest [ 05 [ 06 [0/ |08 [ 09|10 [ 1112|1415 |16 |1/ |18 |19 [20] 212324 |25] 26| 2728 3,00
35 fastest | 08 [ 10 | 12| 14 [ 16 |18 20|22 |24 ]| 26[28[30|32[34[36|38|40[42 |44 ]| 46| 48| 50 1,690
40 sowest [ 05 [ 06 [ 08|09 [10 |12 [ 13 [ 14|15 [ 17|18 [ 19|21 22232426 ]| 27|28 30]31] 32 3,00
40 fastest | 08 [ 10 | 12 | 14 [ 16 |18 20|22 24|26 [28[30|32[34[36|38|40[42 |44 ]| 46| 48| 50 1,930
50 slowest [ 0.6 [ 08 | 10 | 11 [ 13|14 |16 [ 18 [ 19|21 |23 |24 |26 2729313234 [35]37]39]40 3,000
50 fastest | 08 [ 10 | 12 | 14 [ 16 |18 20|22 |24 ]| 26[28[30|32[34[36|38|40[42 |44 ]| 46| 48| 50 2,410
60 slowest [ 0.8 [ 10 | 12 [ 14 [ 15| 17|19 [ 21 [ 23| 2527 293133353739 [41 42| 44 ] 46| 48 3,000
60 fastest | 08 | 10 |12 | 14|16 | 18| 20|22 |24 | 26|28 |30|32|34|36|38|40 |42 |44 | 46| 48| 50 2,900
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APPENDIX A4-A-Table 3c. Isokinetic transit rates for a D-96 sampler (3-liter bag) with a 5/16-inch nozzle.

[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

D?i_l:]fﬁ Mean stream velocity in vertical (feet per second) Volume
feet) | Rate 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85 | 90 | 95 | 100 | 105 | 11.0 | 115 | 120 | 125 | (mL)
2 | slowest |004| 01| 0101|0101 |01|01]01]01|01|02|02|02|02|02|02|02|02|02]|02]03 3,000
2 fastest | 08 | 1.0 | 12 | 14 | 16 | 18 | 20| 22 | 24 | 26 | 28 | 30| 32| 34| 36| 38|40 | 42| 44 | 46 | 48 | 50 150
4 | slowest | 01 | 01| 01|01][02|02]|]02|02|02|03[03|]03|[03[03|[04|04|04][04]|04]05]|05]|05]| 3000
4 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20| 22 | 24 | 26| 28 | 30| 32| 34 | 36| 38| 40 | 42 4.£_1 4.9 4.§ 5.0 300
6 | slowest | 01 ] 02]|02[02|02[03[03[03[04|[04[04|05][05|05]|/05[06]|06][06]|07]07]|07]08]| 3000
6 fastest | 08 | 1.0 | 12 | 14 | 16 | 18 | 20| 22 | 24 | 26 | 28 | 3.0 | 3.2 3.£_1 3.9 38|40 | 42 | 44 | 46 | 48 | 5.0 450
8 | slowest | 02 | 02| 02[03|03[04|04|/]04]|05]|/05][06|06|06|07]|07][08]|]08[08|09]|09]|10]10] 3000
8 fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 2.9 2.§ 30 (32 )34 | 36| 38|40 | 42| 44| 46 | 48| 50 600
10 | slowest | 02 | 03| 03| 04| 04| 05| 05|[06|06|07|07|08|]08|09]|09|10| 10| 11| 11| 12| 12| 13 3,000
10 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 | 20 2.2 2.£_1 26 | 28 | 30| 32| 34| 36|38 |40 | 42| 44 | 46 | 48 | 50 750
12 | slowest | 02 | 03| 04| 04| 05| 05|06 | 07|07 |08 |08|09|10|10| 11| 11| 12| 13| 13| 14| 14| 15 3,000
12 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 1.8 2.9 22 |1 24 | 26 | 28 | 30| 32| 34| 36 | 38| 40 | 42 | 44 | 46 4.§ 5.0 900
14 | slowest | 03 | 04| 04| 05| 06 | 06| 07| 08|08 |09 |10|11]|11]|12]| 13| 13| 14| 15| 15| 16| 17| 18 3,000
14 | fastest | 08 | 1.0 | 1.2 | 14 | 16 1.§ 20| 22 | 24| 26| 28| 30| 32 ) 34| 36| 38| 40 4.2 44 | 46 | 48 | 50 1,060
16 | slowest | 03| 04| 05| 06 | 06| 07| 0809|110 (10|11 |12|13| 14|14 | 15|16 | 17| 18| 19| 19| 20 3,000
16 | fastest | 08 | 1.0 | 1.2 | 14 1.9 18 | 20| 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 3.§ 40 | 42 | 44 | 46 | 48 | 5.0 1,210
18 | slowest | 04 | 05| 05|06 | 07| 08| 09|10 11|12 |13 |14 |14 |15]| 16| 17| 18| 19| 20| 21| 22| 23 3,000
18 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 | 38 | 40 | 42 | 44 | 46 | 48 | 50 1,360
20 | Sowest | 04 | 05 ] 06 ] 07 | 08 | 09 | 10 | 11 | 1.2 | 13 | 14 | 15| 16 | L7 | 18 | 10 | 20 | 21 | 22 | 23 | 24 | 25 3,000
20 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34 | 36 |38 | 40| 42| 44| 46 | 48 | 50 1,510
24 | dowest | 05 | 06 ] 0.7 | 08 | 10 | L1 | 12 | 13 | 14 | 16 | L7 | 18 | 19 | 21 | 22 | 23 | 24 | 25 | 2.7 | 28 | 29 | 30 3,000
24 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34| 36 |38| 40| 42| 44| 46 | 48 | 50 1,810
26 | Sowest | 05 | 07 | 08 ] 00 | 10 | 1.2 | 13 | 14 | 1.6 | L7 | 18 | 20 | 21 | 22 | 24 | 25 | 26 | 2.7 | 20 | 30 | 31 | 33 3,000
26 | fastest | 08 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34| 36 |38| 40| 42| 44| 46 | 48 | 50 1,960
28 | dowest | 06 | 07 | 08 | 10 | 11 | 13 | 14 | 15 | 1.7 | 18 | 20 | 21 | 23 | 24 | 25 | 2.7 | 28 | 30 | 31 | 32 | 34 | 35 3,000
28 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34| 36 |38| 40| 42| 44| 46 | 48 | 50 2,110
30 | Sowest | 06 | 08 | 00 | L1 | 12 | 14 | 15 | 1.7 | 1.8 | 20 | 21 | 23 | 24 | 26 | 2.7 | 20 | 30 | 32 | 33 | 35 | 36 | 38 3,000
30 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34 | 36 | 38| 40| 42| 44| 46 | 48 | 50 2,260
35 | Sowest | 0.7 | 00 | L1 | 12 | 14 | 1.6 | 18 | 19 | 21 | 23 | 25 | 26 | 28 | 30 | 32 | 33 | 35 | 37 | 30 | 40 | 42 | 44 3,000
35 | fastest | 08 | 1.0 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34| 36 |38| 40| 42| 44| 46 | 48 | 50 2,640
30 | dowest | 08 | 10 | L2 | 14 | 16 | 1.8 | 20 | 22 | 24 | 25 | 27 | 20 | 31 | 33 | 35 | 3.7 | 30 | 41 | 43 | 45 | 47 | 49 3,000
39 | fastet | 08 | 10 | 1.2 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30| 32| 34| 36 | 38| 40| 42| 44| 46 | 48 | 50 2,940
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APPENDIX A4-A-Table 4a. Isokinetic transit rates for a D-99 sampler (6-liter bag) with a 1/4-inch nozzle.
[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Depth Mean stream velocity in vertical (feet per second)
(in Volume
feet) | Rate | 3.0 ( 35 | 40 | 45 | 50 | 55 ( 60 | 65 [ 70 | 75 | 80 | 85 | 9.0 | 95 | 10.0 | 105 | 11.0 | 11.5 | 120 | 125 | 13.0 | 13.5 | 14.0 | 145 | 15.0 | (mL)
2 |slowest| 0.02 | 0.02 | 0.03 [ 0.03 | 0.03 | 0.04 | 0.04 | 0.04 | 0.05|005| 0.1 |01 (01|01 01|01 |01]01]|01|01]01|01]01|01]|01]| 6000
2 |fastest| 12|14 |16|18|20|22|24|26|28|30|32|34[36|38|40|42|44|46|48|50|52|54|56]|58]6.0 100
4 |slowest|0.04]|0.05[0.05|0.06 | 0.06]|0.07|0.08{0.08[009{ 01|01[01|01f01]|01f01][01[01[02|02[02]|02]02]02]|O02] 6000
4 |festest|12|14|16|18|20(22|24|26|28|30(3234|36|38|40(42|44|46|48|50|52|54|56|58]|6.0 200
6 |slowest{0.06[0.07[{008{009[ 010101010101 02[02[02[|02[02[02[02[02[|02[02[03[03[03[03]03]| 6000
6 |fastest| 12 |14 |16|18|20|22|24|26|28|30|32(34|36|38|40|42|44|46|48|50|52|54|56]|58]|6.0 300
8 |[slowest{0.08{009|/01{01|01[01|02(02]|02|02[02|02{02|02[03[03[03]|03[03[03[03[03|04/04]04]| 6000
8 |fastest| 12|14 |16|18|20|22|24|26|28|30|32|34[36|38|40|42|44|46|48|50|52|54|56]|58]6.0 400
10 |slowest|{ 01 |01(01]01|02]02|02[02|02[02]|03[03[03[03[{03|[03[04]|04[04[04|04[04|05][05]|05]| 6000
10 |festest | 1.2 | 14| 16|18 | 20|22 |24|26|28|30(32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0 500
12 |slowest|{ 01| 01(02]02|02]02|02[03[03[03[03[03[03|[04[{04|04[04]|04[05[05|05[05|05]06]|0.6]| 6000
12 |festest | 1.2 | 14| 16|18 | 20|22 |24|26|28|30|32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0 600
14 |slowest| 01| 02| 02]02|02]|02|03[03|03[03|04|04[04|04[05|05[05|05[05[06|06]|06]|06]07]|0.7] 6000
14 |fastest | 12 |14 | 16|18 | 20|22 |24 |26|28|30|32(34|36|38|40|42|44|46|48|50|52|54|56|58]6.0 700
16 |slowest| 02 |02 [ 02]02|03[03[03[03|04[04]|04|04[05|05[{05|05[06|06|06][06|07]|07|07]07]08]| 6000
16 |festest | 1.2 | 14| 16|18 |20(22|24|26|28|30(32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0 800,
18 |slowest| 02 |02 [ 02]03|03[03[03[04|04[04]|05[05[05|06[06|06[06|07[07][07]|08]|08|08]08]|0.9]| 6000
18 |festest | 1.2 | 14| 16|18 |20|22|24|26|28|30|32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0 900
20 |dowest| 02 | 02| 03|03|(03|04|04|04|05|05[05|05|06|06|06[07|07|07|08|08[08|09|09]|09]|10]| 6000
20 |fastest | 12 |14 (16|18 |20|22|24|26|28|30|32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0| 1,000
24 |slowest| 02| 03]03[03|04[04[05[05[{05][06|06|07[07|07[08[08[08[09[09[10[10|10| 11|11 12| 6000
24 |festest |12 | 14|16 |18 |20|22|24|26|28|30(32|34|36|38|40(42|44|46|48|50(|52|54|56|58]|6.0]| 1,200
26 |dowest| 03| 03|03|04|04]|05|05|05|06|06[07]07]|08|08|08[09|09|10|10|10|11|11]12]|12]| 13| 6000
26 |festest | 1.2 | 14|16 |18 | 20|22 |24|26|28|30(32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0]| 1,300
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APPENDIX A4-A-Table 4a. Isokinetic transit rates for a D-99 sampler (6-liter bag) with a 1/4-inch nozzle.—continued
[Transit ratesin feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

28 |slowest| 03|03 |04|04|05|05[05|(06|06|07]|07[08|08[09|09[09|10(|10[11|11|12|12]13| 13|14 6,000
28 |fastest | 1.2 | 14| 16|18 |20|22|24|26|28|30(32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0]| 14400
30 |slowest| 03|03 |(04(04|05|{05|06|06(07[07|08|08(09(09(10(10|11|11(12[12|13|13 |14 14| 14| 6000
30 |fastest| 1.2 | 14 | 16|18 |20|22|24|26|28|30|32|34|36(38|40|42|44|46|48|50|52|54|56|58]60]| 1,500
35 |dowest| 03|04 [05|05|{06|06|07(07|08[08|09[|10(|10(|11[11|12|12|13|14|14|15[15|16]| 16| 17| 6000
35 |fastest | 1.2 |14 |16 |18 |20|22|24|26|28|30|32|34(36|38|40|42|44|46|48|50|52|54|56|58]|60]| 1,700
40 |dowest| 04| 0505|0606 |07]|08(08|09(10|10|11|12]|12[13|14|14|15]|15|16|17|17|18|19| 19| 6000
40 |fastest| 1.2 | 14| 16|18 |20|22|24|26|28|30|32|34|36(38|40|42|44|46|48|50|52|54|56|58]|60]| 1,900
50 |[sdlowest| 0506|0607 (08(09|10|10|11(12{13|14|14|15|16[17(18|19|19|20|21|22|23|23|24| 6000
50 |festest | 1.2 | 14| 16|18 |20|22|24|26|28|30(32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0]| 2400
60 |dowest| 06|07 |08[09|10|11[12 (13|14 |14]|15|16|17|18|19|20|21|22[23|24|25|26|27|28]|29] 6,000
60 |fastest| 1.2 |14 |16|18|20|22|24|26|28|30|32|34|36|38|40|42|44|46|48|50|52|54|56/|58]|60]| 2900
70 |slowest| 0.7 {08 (09|10 | 1112141516 |17]18[19|20(21|23[24|25]|26[27|28|29|30|32|33]|34] 6,000
70 |festest | 1.2 | 14| 16|18 |20|22|24|26|28|30(32|34|36|38|40|42|44|46|48|50|52|54|56|58]|6.0]| 3400
80 |dowest| 08 | 00 | 10 | 1.2 | 13 | 14 | 15| 1.7 | 18 | 19 | 21 | 22 | 23 | 24 | 26 | 2.7 | 28 | 30 | 31 | 3.2 | 33 | 35 | 36 | 3.7 | 39 | 6,000
80 |fastest| 1.2 | 14|16 |18 |20|22|24|26|28|30|32|34|36(38|40|42|44|46|48|50|52|54|56|58]60]| 3,900
90 |dowest| 0910|1213 |15|16[17(19]|20|22]|23[25|26({28|29[30(32|33[35|36({38|39|41|42]43] 6,000
90 |fastest| 12|14 |16|18|20|22|24|26|28|30|32|34|36|38|40|42|44|46|48|50|52|54|56|58]|60]| 4300
100 |dlowest| 1.0 |11 |13 |14 |16 |18 |19 21|23 |24|26|27[29|31[32|34[35|37(39[40|42|43|45]| 47| 48] 6,000
100 |fastest | 1.2 | 14 | 16 | 1.8 | 20| 22|24 |26 |28 |30|32|34|36|38|40|42|44|46|48|50|52|54|56]|58]| 60| 4,800
120 |dowest| 1.2 | 14 | 15 | 1.7 | 19 | 21 | 23 | 25 | 2.7 | 20 | 31 | 33 | 35 | 3.7 | 30 | 41 | 42 | 44 | 46 | 48 | 50 | 52 | 54 | 56 | 58 | 6,000
120 |fastest | 1.2 | 14 | 16 | 1.8 | 20|22 |24 |26 |28 |30|32|34|36(38|40|42|44|46|48|50|52|54|56 (58] 60| 5800
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APPENDIX A4-A-Table 4b. Isokinetic transit rates for a D-99 sampler (6-liter bag) with a 5/16-inch nozzle.
[Transit rates in feet per second; Depth is (water depth) — (unsampled zone); mL, milliliter]

Depth Mean stream velocity in vertical (feet per second) Volume
infeet) Rate | 3.0 [ 35 [ 40 [ 45 [ 50 [ 55 [ 6.0 [ 65 [ 70 [ 75 [ 80 [ 85 [ 90 [ 95 [ 10.0 [ 105 [ 11.0 [11.5[12.0 [ 125 [ 13.0 [ 135 [14.0[ 145] 15.0| (mL)
2 |slowest| 0.03]|0.04|/004|0.05/005{01|01]|]01f01]01]01]01[01|]01[01]01[01]01[01|]01[01|01[01]|01]O02 6,000
2 |festest | 12 [ 14 |16 [ 1820 (22|24 [ 26[28]30[32]34[36]38[ 40|42 (44|46 [48|50[52]|54([56]58]6.0 150
4 |slowest| 0.06|0.07[{008[009] 01| 01[/01]01][]01[02[02[02|02[02]02[02[02|]02[]02]03[03[03[03]03]03 6,000
4 |fastest | 1.2 | 14 [ 16| 18 [ 20| 22|24 |26[28|30[32[34[36(38]| 40 42|44 |46 |48 [50|52[54]|56]58] 60 300
6 |slowest{009[01[01|01[]02]02[02[02[02[02[02]03]03[03[03|03[]03[]03[04[04[04[04]04]04]05 6,000
6 |fastest| 12 | 14|16 (1820 (22|24 |26 [28]30[32]|34[36)38] 40|42 |44 |46 [48|50([52|54[56]|58]6.0 450
8 |slowest{ 01 [01]02|02[02]02[02[03[03[03[03|[03|]04[04[04|04]04]05[05[05[05|]05]|]06]06]06 6,000
8 |fastest| 12 | 14|16 (1820 (22|24 |26 [28]30[32]|34[36)38] 40|42 |44 |46 [48|50([52]|54][56]|58]6.0 600
10 |slowest| 02 {02 [ 02 [ 02| 03[ 03]|]03[03[04[04|04|]04]05][05[05|05|/06]|06[06][06[07]07]07]07]08 6,000
10 |fastest | 1.2 | 14 [ 16|18 [ 20|22 [ 24|26 [ 28| 30[32|34[36(38]| 40 |42 |44 |46[48[(50]|52|54]|56]58] 60 750
12 |slowest| 02 [ 02 [ 02 [ 03| 03| 03]|]04[04[04][05|]05|]05]05[06[ 06 |06][07]07][07[08[08|]08|]08]09]09 6,000
12 |fastest | 1.2 | 14 [ 16 | 18 [ 20|22 [ 24|26 [ 28| 30[32|34[36(38]| 40 |42 |44 46|48 [50|52|54]|56]58] 60 900
14 |slowest| 02 {02 [ 03[ 03|04 |04]04[05[05][05|06|06]|]06[07][ 07 |[07]08]08[08[09[09]10|]10]10]11 6,000
14 |fastest | 1.2 | 14 [ 16 | 18 [ 20|22 [ 24| 26|28 30[32|34[36(38]| 40 |42 |44 46|48 (50|52 |54]|56]58] 60 1,100
16 [slowest| 0.2 ] 03[ 03|04 [ 04|04 [05|05[06|06|[06|07[07|08| 08 |08[09|[09[10[10[10[11]11]12] 12 6,000
16 |fastest | 1.2 | 14 [ 16 |18 [ 20|22 [ 24| 26|28 |30[32|34[36(38]| 40 |42 |44 |46 |48 (50|52 |54]|56]58] 60 1,200
18 |slowest| 0.3 | 03[ 04|04 [ 05| 05[05|06|06|07|07|08|08[09|09|10[10|10|11|11]|12|12]13| 13|14 6,000
18 |fastest | 1.2 | 14 [ 16|18 [ 20|22 [ 24| 26|28 |30[32|34[36(38]| 40 |42 |44 |46|48[50|52|54]|56]58] 60 1,400
20 |slowest| 0.3 | 04 [ 04| 05[05|]06[06|07][07|08|08|[09|09|10] 10 11|11 |12|12|13]|13|14]|14]15] 15 6,000
20 |fastest | 1.2 | 14 [ 16|18 [ 20|22 [ 24|26 [ 28|30[32|34[36(38]| 40 |42 |44 |46]48[50|52]54]|56]58] 60 1,500
24 |slowest| 04| 04 [ 05| 05[06|07[07|08|08|09|10|10 |11 |11]| 12 |13 |13 |14 |14 |15]|16|16]| 17| 17|18 6,000
24 |fastest | 1.2 | 14 [ 16|18 [ 2022 [ 24| 26|28 |30[32|34[36(38| 40 |42 |44 |46]|48[50]|52|54]|56]58] 60 1,800
26 |dowest| 04 ] O05[05|]06[07|]07[08|08[09|10[10|11[12|12] 13 |14[14|15[16|16|17|18] 18] 19] 20 6,000
26 |fastest | 1.2 | 14 [ 16|18 [ 2022 [ 24| 26|28 |30[32|34[36(38| 40 |42 |44 46|48 [50|52|54]|56]58] 60 2,000
28 |dowest| 04|05 06|06 [07|]08[08|09[10| 1111|1213 |13| 14 |15[15|16 |17 18|18 [19]20]20] 21 6,000
28 |fastest | 1.2 | 14 [ 1618 [ 20|22 [ 24| 26|28 |30[32|34[36(38| 40 |42 |44 46|48 [50|52|54]|56]58] 60 2,100
30 [slowest| 05| 05|06 | 0708|0809 |10|11|11]|12|13]14[14] 15 |16|17 17|18 [19]|20[20]21]22]23 6,000
30 |fastest| 1.2 | 14 |16 | 18 |20 22|24 (26|28 (30|32 (34|36 (38) 40 (42|44 46|48 [50]|52[54]|56]58] 60 2,300
35 |[dowest| 05|/ 06 [ 0708091011 |11[|12|13[14[15]16 [ 17| 18 |18 |19 |20]|21[22]|23[24]|25]26] 26 6,000
35 |fastest| 1.2 | 14 [ 16 | 18 |20 (22|24 (26|28 (30|32 [34]|36[38) 40 (42|44 46|48 [50]|52[54]|56]58] 60 2,600
40 |[slowest| 06 |07 [ 08 |09 [10 | 1112|1314 [15[16 [ 1718 [ 19| 20 |21[|22|23]|24[25]|26|27]28]29]30 6,000
40 |fastest| 1.2 | 14 |16 | 18 |20 (22|24 (26|28 (30|32 (34|36 [38) 40 (42|44 46|48 [50]|52[54]|56]58] 60 3,000
50 |[slowest| 0.8 09 [ 10|11 [13 |14 [15[16[18 1920|2123 |24| 25 [26[28|29[30[31[33[34]35]36]38 6,000
50 |fastest| 1.2 | 14 [ 16|18 [ 20|22 [24|26[28|30[32|34[36(38| 40 |42 |44 |46|48[50|52|54]|56]58] 60 3,800
60 |[dowest| 09|11 [ 12|14 [15]|17[18|20[21|23[24|[26[27 29| 30 [32[33|35[36|38[39|[41]42]44] 45 6,000
60 |fastest| 1.2 | 14 | 16|18 [ 2022|2426 |28 |30|32|34[36[38| 40 |42 |44 | 46|48 |50|52|54]|56]|58] 60 4,500
70 |slowest| 11|12 [ 14|16 [ 18|19 21|23 [25[26[28|30[32 33|35 [37[39|/40|42|44]|46| 48] 495153 6,000
70 |fastest| 1.2 | 14 | 16|18 [ 20|22 [ 24|26 |28 |30|32|34[36(38| 40 |42 |44 | 46|48 |50|52|54]|56]|58] 60 5,300
78 |dowest| 12|14 [ 16|18 [ 20|22 [24|25[27 29|31 |33[35|37|39 4143 |45[47 49|51 |53]|55]57]59 6,000
78 |fastest| 1.2 |14 | 16|18 | 20| 22| 24|26 |28 |30|32|34|36|38| 40|42 |44 | 46|48 |50|52|54|56]| 58|60 5,900
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APP.A.16—COLLECTION OF WATER SAMPLES

Appendix A4-A-Table 5. Filling times for isokinetic samplers. [To determine the
transit rate, in feet per second, multiply the depth at the sampling vertical by 2 and
divide by the sampling time.]

Appendix Ad-A-Table 5a. Filling Appendix A4-A-Table 5b.
times for DH-81 sampler Filling times for DH-95 sampler
DH-81 filling times, in seconds, DH-95 filling times, in seconds, to
to collect 800 milliliters collect 800 milliliters
nglfggg nozzle diameter (in.) :gg?ifgl nozzle diameter (in.)
(ft/sec) | 3/16 | 1/4 | 5/16 (ft/sec) | 3/16 | 1/4 | 5/16
18 46 16 92 | 52 | 33
2.0 74 | 41 | 27 18 82 | 46 | 29
22 67 | 38 | 24 2.0 74| 4 | 27
24 61 35 22 22 67 38 24
26 57 | 32 | 20 24 61 | 35 | 22
2.8 53 | 30 | 19 26 57 | 32 | 20
3.0 49 | 28 | 18 2.8 53 | 30 | 19
32 46 | 26 | 17 3.0 49 | 28 | 18
34 43 | 24 | 16 3.2 46 | 26 | 17
3.6 41 23 15 34 43 24 16
38 39 22 14 36 41 23 15
4.0 37 21 13 3.8 39 22 14
4.2 3B | 20 | 13 40 37 | 21 | 13
44 33|19 | 12 42 3% | 20 | 13
4.6 32|18 | 12 4.4 33| 19 | 12
4.8 31 | 17 | 11 4.6 32| 18 | 12
5.0 29 | 17 | 11 48 31| 17 | 11
5.2 28 | 16 | 10 5.0 29 | 17 | 11
5.4 27 | 15 | 10 5.2 28 | 16 | 10
5.6 26 | 15 | 9 5.4 27 | 15 | 10
5.8 25 14 9 56 26 15 9
6.0 25 |14 | 9 58 25 | 14 9
6.2 241 13| 9 6.0 25 | 14 9
6.4 13 | 8 6.2 24 | 13 9
6.6 13 | 8 6.4 23 | 13 8
6.8 12 | 8 6.6 22 | 13 8
7.0 12| 8 6.8 2 | 12 8
7.2 12 7.0 21 | 12 8
7.4 1 7.2 2 | 12 7
76 1 7.4 20 | 11 7
76 19 | 11 7
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COLLECTION OF WATER SAMPLES—APP.A17

Appendix A4-A-Table 5c. Appendix A4-A-Table 5d.
Filling times for D-95 sampler Filling times for DH-2 sampler
D-95 filling times, in seconds, to DH-2 filling times, in seconds, to
collect 800 milliliters collect 1 liter
stream nozzle diameter (in.) stream nozzle diameter (in.)
velocity velocity
(ft/sec) | 3/16 | 1/4 | 5/16 (ft/sec) | 3/16 | 1/4 | 5/16
14 105 59 38 2.0 92 52 33
1.6 92 52 33 25 74 41 27
18 82 46 29 3.0 61 35 22
20 74 41 27 35 53 30 19
22 67 38 24 4.0 46 26 17
24 61 35 22 45 41 23 15
2.6 57 32 20 5.0 37 21 13
2.8 53 30 19 55 33 19 12
3.0 49 28 18 6.0 31 17 11

32 46 26 17
34 43 24 16
3.6 41 23 15
3.8 39 22 14
4.0 37 21 13
4.2 35 20 13
4.4 33 19 12
4.6 32 18 12
4.8 31 17 11
5.0 29 17 11
52 28 16 10

54 27 15 10
5.6 26 15 9
58 25 14 9
6.0 25 14 9
6.2 24 13 9
6.4 23 13 8
6.6 22 13 8
6.8 22 12 8
7.0 21 12 8
7.2 20 12 7
74 20 11 7
7.6 19 11 7
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APP.A.18—COLLECTION OF WATER SAMPLES

Appendix Ad-A-Table 5e. Appendix A4-A-Table 5f.
Filling times for D-96 sampler Filling times for D-96 A-1 sampler
D-96 filling times, in seconds, to D96 A-1 filling times, in seconds, to
collect 3 liters collect 3 liters
stream | nozzle diameter (in.) stream | nozzle diameter (in.)
velocity velocity
(ft/sec) | 3/16 | 1/4 | 5/16 (ft/sec) | 3/16 | 1/4 | 5/16
20 276 155 99 20 277 156 99
25 221 124 80 2.2 251 | 141 90
30 184 | 104 66 24 231 | 130 83
35 158 89 57 2.6 213 | 120 76
4.0 138 78 50 2.8 198 111 71
4.5 123 69 44 3.0 185 104 66
5.0 110 62 40 3.2 173 97 62
55 100 57 36 34 163 91 58
6.0 92 52 33 3.6 154 86 55
6.5 85 48 31 38 146 82 52
7.0 79 44 28 4.0 137 7 50
7.5 74 41 27 4.2 132 74 47
8.0 69 39 25 4.4 126 71 45
85 65 37 23 4.6 120 68 43
9.0 61 35 22 4.8 115 65 41
9.5 58 33 21 5.0 111 62 40
10.0 55 31 20 5.2 106 60 38
10.5 53 30 19 54 102 58 37
11.0 50 28 18 5.6 99 56 35
11.5 48 27 17 5.8 95 54 34
12.0 46 26 17 6.0 92 52 33
12.5 44 25 16
13.0 42 24 15
135 41 23 15
14.0 39 22 14
14.5 38 21 14
15.0 37 21 13
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COLLECTION OF WATER SAMPLES—APP.A19

Appendix Ad-A-Table 5g.
Filling times for D-99 sampler

D-99 filling times, in seconds, to
collect 6 liters

stream | nozzle diameter (in.)
velocity

(ft/sec) | 3/16 | 1/4 | b5/16
3.0 368 | 207 | 133
35 316 | 178 | 114
4.0 276 | 155 99
4.5 245 | 138 88
5.0 221 | 124 80
55 201 | 113 72
6.0 184 | 104 66
6.5 170 96 61
7.0 158 89 57
75 147 83 53
8.0 138 78 50
85 130 73 47
9.0 123 69 44
9.5 116 65 42
10.0 110 62 40
10.5 105 59 38
11.0 100 57 36
115 96 54 35
12.0 92 52 33
125 88 50 32
13.0 85 48 31
135 82 46 29
14.0 79 a4 28
145 76 43 27
15.0 74 41 27
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Page left blank intentionally.
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COLLECTION OF WATER SAMPLES—APP.B1

APPENDIX A4-B

Instructions Related to Measuring Water
Levels at Wells and a Sample USGS
Ground-Water-Quality Field Form

All USGS personnel who sample or make water-level or water-quality
measurements at wells must comply with requirements and be familiar with
the guidelines provided by the USGS Office of Ground Water. Guidelines
established by the Office of Ground Water related to measurement of well
depth and water level have been adapted for water-quality work and are
summarized in this appendix.

Page
A4-B-1. Establishing a permanent measuring point on wells
at which water level will bemeasured ..........cccooeeeviiennens APPB3
A4-B-2. Well-depth measurement ..........ccccceevcieevvceecccieee APP.B5
Figure B1. Example of a USGS field form for ground-water-
level MEeasUremMENTS.........cov i APP.B7
A4-B-3. Water-level measurement by ........ccccccveevvieenvciennne APP.B8
(a) Steel-tape procedure.........coeveeeneenee e APP.B9
(b) Electric-tape procedure..........coceeeeneereeieeeinennens APP.B13
Figure B2. Example of awater-level measurement using a
graduated steel tape .........ccooveiieiii e APP.B12

A4-B-4. Water-level measurement by theair-line method..... APP.B17
Figure B3. Typical installation for measuring water level by
the ar-linemethod ... APP.B20

A4-B-5. Water-level measurement at flowing wells using
low-pressure and high-pressure methods...........ccccceeeueene. APP.B21

A4-B-6. Sample of the U.S. Geological Survey Ground-
Water Quality Notesfield form ......cccoovvevennniiiecee APP.B25
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APP.B2—COLLECTION OF WATER SAMPLES

Appendix A4-B

Equipment and Supplies

All sections of appendix A4-B — common supplies
A4-B-1 - Establishing a permanent measuring point on wells
A4-B-2 — Well-depth measurement.

All sections

GWSI site schedule, Form 9-1904-A

Ground-water-level measurement field form and/or other field forms
and/or handheld or field computer for data entry

Pens, ballpoint with non-erasable blue or black ink, for writing on field
forms and in equipment log books

Field folder and well file

Two wrenches with adjustable jaws and other tools for removing the
well cap

Cleanrag

Key(s) for opening locks

Equipment-cleaning supplies (NFM 3).

Tape-cleaning supplies: refer to NFM 3.3.8 for soap-and-water wash
guidance and disinfection. If disinfecting, use either

(a) commercially available hypochlorite wipes; or (b) prepare adilute
chlorine solution adding 1 mL of common household bleach to 900
mL of water (0.005-percent solution)

A4-B-1

Establishing a permanent measuring point (M P)

Steel tape, graduated in feet, tenths, and hundredths of feet; calibrated
for making field measurements

Reference steel tape, graduated in feet, tenths, and hundredths of feet;
designated for calibration of field steel and electric tapes

Calibration and maintenance log book for each steel tape

Spray paint (bright color) or casing-notching tool

A4-B-2

Well-depth measurement with steel tape

Steel tape, graduated in feet, tenths, and hundredths of feet; calibrated
for making measurements. A black tape is better than a chromium-
plated tape. If achromium-plated tape hasto be used, paint the back of
the tape with aflat black paint to make it easier to read the wetted
chalk mark

Reference stedl tape, graduated in feet, tenths, and hundredths of feet;
designated for calibration of field steel and electric tapes

Steel-tape calibration and maintenance log book (one for each steel
tape)

Weight (stainless steel, iron, or other noncontaminating material) —not
lead

Strong ring and wire, for attaching weight to end of tape. Wire should
be strong enough to hold weight securely, but not as strong as the tape,
so that if the weight becomes lodged in the well the tape can still be
pulled free

Carpenters’ chak (blue)
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COLLECTION OF WATER SAMPLES—APP.B3

Appendix A4-B-1
Establishing a permanent measuring point on
wells at which water level will be measured*

A permanent measuring point (MP) from which all water levelsfor a
given well are measured must be established for each well at which
USGS data are collected. The MP should be established when a moni-
tor well isinstalled or an existing well is inventoried. The accuracy
with which the MP is established depends on the accuracy of the
water-level measurement being made. For water level measured in
hundredths of a foot, the MP isto be established to an accuracy of
0.01 foot. This guidance assumes that:

» All water-level measurements from a given well must be
referenced to the same datum to ensure data comparability.

» Land-surface datum (LSD) at the well was established by the
person who made the initial water-level measurement at the
well. LSD isan arbitrary plane chosen to be approximately
equivalent to the average altitude of the ground around the well.
Because L SD around awell may change over time, the distance
between the MP and L SD should be checked every 3to 5 years,
or more frequently because of land development or other
changes.

» Measuring points can change from time to time, especially on
privately-owned wells. Such changes must be documented and
dated in field notes and in the data base(s) into which the water-
level data are entered.

To establish a permanent measuring point:

1. Establish the location of the MP at a specific point within the top
of the casing. The MPismeasured in referenceto LSD. If possi-
ble, position the MP at a point on the casing where aleveling rod
could be set on it directly over the well and the measuring tape can
hang freely when it isin contact with the MP. Locate the MP at the
most convenient place from which to measure the water level.

1From the USGS Office of Ground Water, Ground-Water Procedure Document 3.
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2.

Clearly mark the MP, either with an arrow sprayed with bright-col-
ored paint or with a notch cut into the top of the casing. The MP
must be as permanent as possible and be clearly visible and easily
located. Location of the MP must be described in the well file.

Measure the height of the MP in feet above or below LSD. For
USGS studies, record the following information into GWSI (figure
B1):

e Height and detailed description of the MP. Note that valuesfor
measuring point below land surface should be preceded by a
minus sign (-).

e Date the MP was established.

For most water-quality studies, the LSD and MP should be sur-
veyedin.

Establish at least one clearly displayed reference mark (RM) in a
location near the well; for example, alag bolt set into a nearby
telephone pole. The RM is an arbitrary datum established by per-
manent marks and is used to check the MP or to re-establish an
MP should the original MP be destroyed or need to be changed.

Clearly locate the MP and RM on a detailed site sketch that goes
into the well folder; the sketch commonly is made on the back of
the paper GWSI form. If possible, photograph the site, including
the RM and MP locations; draw an arrow to the RM and MP on
the photograph(s) using an indelible marker, and place the photos
in the well file.
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Appendix A4-B-2
Well-depth measurement?

This method uses a graduated steel tape to measure the total depth of a
well below land-surface datum. Select a graduated steel tape that is
accurate to 0.01 foot. The steel tape should be calibrated against a
reference steel tape. A reference steel tape is one that is maintained in
the office and designated solely for tape calibration.

e If thewell casing isangled, instead of vertical, the well depth
will have to be corrected.

e When measuring wells of depth greater than 200 feet (deep
wells), expansion and stretch of the steel tape must be consid-
ered and accounted for (see Garber and Koopman, 1968).

e Useof asted tapeisnot recommended for measuring the
depth of pumping wells.

e A weight usually is attached to the end of a steel tapeto allow
it to hang plumb. The weight should not be constructed of lead
or other material that potentially could contaminate water in
the well.

e WEell obstructions could cause errorsin the measurement if the
steel tape cannot hang plumb.

To measure well depth:

1. Using aclean, calibrated stedl tape, measure from the zero point
on the tape to the bottom of the weight. Record this number asthe
length of the weight interval.

2. Lower the weight and tape into the well until the weight reaches
the bottom of the well and the tape slackens.

3. Partialy withdraw the tape from the well until the weight is stand-
ing in avertical position, but still touching the bottom of the well.
A dlight jerking motion will be felt as the weight moves from the
horizontal to the vertical position.

4. Repeat step 3 several times by lowering and withdrawing the tape
to obtain a consistent reading.

5. Record the tape reading held at the measuring point (MP).

2From the USGS Office of Ground Water, Ground-Water Procedure Document 11.
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6. Withdraw the tape from the well 1 to 2 feet, so that the weight will
hang freely above the bottom of the well. Repeat steps 2-4 until
two consistent depth readings are obtained.

7. Calculate total well depth below land-surface datum (LSD) as
follows:
a Tapereading held at the MP  84.3 feet
b. Length of theweight interval + 1.2 feet
c.Sumofa+hb 85.5 feet
d. MP correction - 3.5 feet
e. Total well depthbelow LSD  82.0 feet
8. After completing the well-depth measurement, clean the exposed
portion of the tape using the procedures described in NFM 3.3.8.
To prevent microbial cross-contamination of other wells, disinfect

the tape using commercially available hypochlorite wipes or a
dilute (0.005-percent) chlorine solution.

9. Record depth data to the nearest 0.01 foot. USGS well-depth data
should be recorded in GWSI and on the Ground-Water Level
Notes (fig. B1) and other field forms that are kept in the field
folder.
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Febr 2
ebruary 2006 FIELD ID
= USGS GROUND-WATER LEVEL NOTES
) . Depth to Water and Well Depth
Station No.. Field ID
. 1sT 2ND 3RD (optional)
Station Name
Time
Project No. Proj Name:
Hold (for DTW;
Measurement made by: old (for )
Signature Date - Cut
= DTW from MP
WELL___ SPRING___  MONITOR___ SUPPLY___  OTHER
— Measuring point (MP)
SUPPLY WELL PRIMARY USE: DOMESTIC__ PUBLIC SUPPLY__ IRRIGATION __ OTHER
Casing Material: Altitiude (land surface) ft abv MsL = DTW from LSD
Measuring Point: ft abv blw LsD msL MP Well Depth ft abv blw LsD mMsL mMP Hold (for well depth)
Sampling condition (72006) pumping (8) flowing (4)  static (n/a) + Length of tape leader
[see QWDATA User Manual for additional fixed-value codes]
Water Level: ftblw LSD (72019)  ft biw MP (61055) = Wl e i
ft abv MSL (NGVD 29) (62610) ft abv MSL (NAVD 88) (62611) - MP
Comments: = Well depth below LSD
WATER-LEVEL DATA FOR GWSI
WATER LEVEL TYPE

DATE WATER LEVEL MEASURED (C235) _ -

TIME (C709)

- [c » 5]

below  sea
meas. level
pt.

-vTar ———— CODE (C243)

DATUM (C245)

Month  Day
WATERLEVEL . MP SEQUENCE NO. (C248)
(C237/241/242) (Mandatory if WL type=M)
WATER LEVEL | NGVD 29 NAVD 88 Ll Ll Ll 1

National Geodetic
Vertical Datum Of

North American

(Mandatory if WL type=S) Vertical Datum 0f

Other (See GWST manual for codes)

SITE STATUS

FOR WATER B C D E F

GHIJMNOPRSTVWXZ|

(WATER-LEVEL PARTY)

LEVEL (C238) atmos. tide ice  dry recently flowing nearby nearby Injector injector plugged measure- obstruct-pumping recently nearby nearby foreign  well affected by other
e stage flowing flowing recently site site ment tion pumped pumping recently sub- de face
monite discontinued pumped  stance troyed  water
METHOD OF WATER-LEVEL
MEASUREMENT(CZ39) | A B CE F G H L M N OR STV Z |
airline  analog calibrated ~ esti- trans- pressure calibrated geophysi- manometer non-rec. observed reported steel electric calibrated other
airline  mated ducer  gage pres. gage cal logs tape tape  elec. tape
WATER LEVEL SOURCE OF WATER-LEVEL | |
A D G L M O R S Z
ACCURACY (C276) b DATA (C244)
other driller's geol- geophysi- memory owner other reporting other
reth fearest govt  log ist cal logs reported  agency
PERSON MAKING MEASURING AGENCY (C247) RECORD READY FOR Y C P L
MEASUREMENT (C246) (SOURCE) WEB (C858)

checked;  not proprietary; local use

ready for checked; noweb  only; no
noweb  display web
display display display.
COMPILED BY : DATE ENTERED INTO GWSI BY: DATE
CHECKED BY : DATE ENTERED INTO QWDATA BY: DATE

GW Water Level Form ver. 1

Figure B1. Example of a USGS field form for ground-water-level measurements.
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Appendixes A4-B-3(a) and (b)
Water-level measurement by (a) steel tape, or
(b) electric tape

A4-B-3: Equipment and Supplies

A4-B-3(a) —- Water-level measurement by graduated steel tape
A4-B-3(b) — Water-level measurement by electric tape

A4-B-3(a+b)!

Steel tape, graduated in feet, tenths, and hundredths of feet;
calibrated for making water-level measurements

A4-B-3(a) 1

Reference steel tape, graduated in feet, tenths, and hundredths
of feet. A reference steel tapeis one that is maintained in
the office and designated solely for tape calibration

A4-B-3(3)

Steel-tape calibration and maintenance log book (onefor each
steel tape). Field forms, paper and/or electronic; ballpoint
pens (blue or black, non-erasable) for recording
information in the log book and on paper field forms

A4-B-3(3)

Weight (stainless stedl, iron, or other noncontaminating
material —do not use lead)

A4-B-3(3)

Strong ring and wire, for attaching weight to end of tape.
Wire should be strong enough to hold weight securely, but
not as strong as the tape, so that if the weight becomes
lodged in the well the tape can still be pulled free

A4-B-3(3)

Carpenters’ chalk (blue)

A4-B-3(a+b)

Tape-cleaning supplies: refer to NFM 3.3.8 for soap-and-
water wash guidance and disinfection. Disinfect using
either commercially available hypochlorite wipes or a
dilute (0.005-percent solution) chlorine solution

A4-B-3(b)2

An electric tape, double-wired and graduated in feet, tenths,
and hundredths of feet, accurate to 0.01 ft. Electric tapes
commonly are mounted on a hand-cranked and powered
supply reel that contains space for the batteries and some
device (“indicator”) for signaling when the circuit is
closed

A4-B-3(b)

Electric-tape calibration and maintenance log book;
manufacturer’s instructions. Field forms, paper and/or
electronic; ballpoint pens (non-erasable blue or black ink)
for recording information in the log book and on paper
field forms

A4-B-3(b)

Replacement batteries, charged

A4-B-3(a+b)

Cleanrag

A4-B-3(a+ b)

Two wrenches with adjustable jaws or other tools for
removing the well cap

1A black tapeis better than a chromium-plated tape. If a chromium-plated tape has
to be used, paint the back of the tape with aflat black paint to makeit easier to read
the wetted chalk mark.

2An older model electric tape, also known as an "M-scope”, marked at 5-foot
intervals with clamped-on metal bands has been replaced by newer, more accurate
models.
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A4-B-3(a) Steel tape®

The graduated steel-tape (wetted-tape) procedure is considered to be
the most accurate method for measuring a depth to the water surface at
nonflowing wells. A graduated steel tape is commonly accurate to 0.01
foot. When measuring deep water levels, however, tape expansion and
stretch is anecessary consideration (Garber and Koopman, 1968). The
method is most accurate for water levels less than 200 feet below land
surface. This method is not recommended for measuring pumping lev-
elsinwells.

» May beimpossibleto get reliableresultsif water isdripping into
the well or condensing on the well casing.

» If thewell casingisangled, instead of vertical, the depth to
water will have to be corrected.

» Thesteel tapeshould be calibrated against areference steel tape.
A reference steel tapeisonethat is maintained, in the office, for
use only for calibrating steel tapes.

» Check that the well is free of obstructions that can affect the
plumbness of the steel tape. An accurate measurement cannot be
made if the tape does not hang plumb.

Before making a measurement:

1. Ensurethat the stedl tape for field use has been calibrated, using a
reference steel tape (see the Equipment and Supplies table for
Appendix A4-B-3, above). Check the equipment log book for the
designated steel tape for calibration information.

2. Maintain the tape in good working condition by periodically
checking the tape for rust, breaks, kinks, and possible stretch.
Record al calibration and maintenance data associated with the
steel tape in its calibration and maintenance log book.

3. If the steel tapeis new, be sure that the black sheen on the tape has
been dulled so that the tape will retain the chalk.

4. Attach aweight to the tape that is constructed of stainless steel or
other noncontaminating material to protect ground-water quality
in the event that the weight islost in the well.

5. Place any previous measured water-level data for the well into the
field folder.

SFrom the USGS Office of Ground Water, Ground-Water Procedure Document 1.
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6.

Check that the measuring point (MP) is clearly marked on the well
and accurately described in the well file or field folder. If anew
measuring point needs to be established, follow the proceduresin
Appendix A4-B-1 but do not use paint or create casing-material
filings until after sampling has been completed for the day.

Prepare the Ground-Water Level Notes and Water-Level Datafor
GWS field forms (fig. B1). The measurement process will be
repeated at |east twice and recorded in the respective column (refer
to the unshaded portion of the box at the upper right of fig. B1).
Record the time of measurement, using the column headed “1%”
for theinitial set of measurements. Weater-level data are to be
recorded to the appropriate accuracy for the depth being measured.

Spread clean plastic sheeting around the well to prevent the well
tape from contacting the ground and introducing dirt into the well.

To measure water level using a steel tape:

1

Chalk the lower few feet of the tape by pulling the tape across a
piece of blue carpenter's chalk (the wetted chalk mark identifies
that part of the tape that was submerged).

If water level was measured previoudly at the well, use the previ-
ous measurement(s) to estimate the length of tape that should be
lowered into the well.

Slowly lower the weight and tape into the well until the bottom
end of the tape is submerged below the water. Work carefully to
avoid splashing. Continueto lower the end of the tape into the well
until the next graduation (awhole foot mark) is opposite the MP
and record this number on the field form (fig. B1) next to “Hold
(for DTW)” asillustrated on fig. B2.

Rapidly bring the tape to the surface before the wetted chalk mark
dries and becomes difficult to read. Record the number as the
13 Cut.”

Subtract the “ Cut” from the “Hold” and record the difference as
“DTW from MP” (Depth To Water from MP). The difference
between these two readings is the depth to water below the MP.

Record the MP correction, subtract it from “DTW from MP" and
record the result as“DTW from LSD” (depth to water from land-
surface datum).
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e To obtain the depth to water below land surface if the MPis
above land surface: the distance between the MP and land sur-
face datum is subtracted from the depth to water from the MP.

e To obtain the depth to water below land surface if the MPis
below land surface: precede the MP correction value with a
minus (-) sign and subtract the distance between the MP and
land surface datum from the depth to water from the MP.

e If thewater level is above LSD, record the depth to water in
feet above land surface as a hegative number.

7. Make a check measurement by repeating steps 2 through 6, record-
ing check measurements in the second (“2"®") column (fig. B1).

e The check measurement should be made using a different MP
hold value than that used for the original measurement.

e If the check measurement does not agree with the original
measurement within 0.01 or 0.02 of afoot, make athird check
measurement, recording this measurement in the third col-
umn. Make repeated check measurements until the reason for
the lack of agreement is determined or until the results are
shown to bereliable.

e If more than two readings are taken, record the average of all
readings.

8. In some pumped wells, alayer of oil may float on the water sur-
face.

e If theail layer isafoot thick, read the tape at the top of the oil
mark and use this data for the water-level measurement
instead of the wetted chalk mark. The measurement will differ
dightly from the water level that would be measured were the
oil not present.

e If several feet of oil are present in thewell, or if it is necessary
to know the thickness of the oil layer, a commercially avail-
able water-detector paste can be used that will detect the pres-
ence of water in the ail. Apply the paste to the lower end of the
tape. The top of the il shows as awet line, and the top of the
water shows as adistinct color change. Since oil density is
about three-quarters that of water, the water level can be esti-
mated by adding the thickness of the oil layer timesits density
to the oil-water interface elevation.

9. Record water-level datato the nearest 0.01 foot. Record USGS
water-level data on field forms (kept in the field folder) and in
GWSI, using the appropriate method code(s) (fig. B1).
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10. After compl eting the water-level measurement, clean the exposed
portion of the tape using the procedures described in NFM 3.3.8.
To prevent microbial cross-contamination of other wells, disinfect
the tape using commercially available hypochlorite wipes or a
dilute chlorine solution (1 mL of bleach added to 900 mL water)
(NFM 3.3.8). Rinse with DIW and dry the tape after each use. Do

not store a steel tape while dirty or wet.

MEASURING, 5 MP HOLD
E = [
(MF) = =— LAND-SURFACE DATUM (LSD)
4 1
— 13
— 12
=)
@ I ar
5
E — 10 g Example calculation of
& z depth to water, in feet (ft.)
? —_— 2 (See fig. B1):
% L] Hold (for DTW)  15.00 ft.
8 E - Cut - 1.29
=1 F— o e
T E = DTW from MP 13.71
B » 2 E‘L - MP - 0.85
e 1 = = DTW from LSD 12.86
= -
o 6 il
— 5"
o
—3
= 2
WAT ER = A WETTED CHALK
LEVEL — = T
e
-
— D -
—
———— ——
Figure B2. Example of a water-level measurement using a graduated steel tape.
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A4-B-3(b) Electric tape*

The electric-tape procedure for measuring depth to the water surfacein a
nonflowing well is especially useful in wells that are being pumped with
large-discharge pumps, when making a series of measurements in rapid suc-
cession (for example, during purging or aquifer tests), and in wells with con-
densation or dripping water. Use of an electric tape minimizes the danger of
tape entanglement in the pump impellers because the probe signals when the
water surface is reached.

The accuracy of electric-tape measurements depends on the type of tape used
and whether or not the tape has been stretched out of calibration after use.
Tapesthat are marked the entire length with feet, tenths, and hundredths of a
foot can be considered accurate to + 0.01 ft and are most accurate for water
levels less than 200 ft below land surface. Electric tapes are harder to keep
calibrated than are steel tapes. When measuring deep water levels, tape
expansion and stretch is an additional consideration (see Garber and Koop-
man, 1968). The electric tape should be calibrated against a reference steel
tape (see the Equipment and Supplies table above for Appendix A4-B-3.

» If thewater inthewell hasvery low specific conductance, the tape may
not give an accurate reading.

» Material onthewater surface, such asoil, may interfere with obtaining
consistent readings.

» If thewell casing isangled, instead of vertical, the depth to water will
have to be corrected.

» Theelectrictape should berecalibrated annually or more
frequently if it is used often or if the tape has been subjected to
abnormal stress that may have caused it to stretch.

Before measuring water level with the electric tape:

1. Theelectric steel tape requires an initial calibration before using it in the
field. Calibrate the electric tape against areference steel tape as follows:

a. Check the distance from the probe’s sensor to the nearest foot
marker on the tape, to ensure that this distance puts the sensor at the
zero foot point for the tape. If it does not, a correction must be
applied to all depth-to-water measurements. Record thisin the
equipment log book and on the field form.

4From the USGS Office of Ground Water, Ground-Water Procedure Document 4,
version 2007.1.
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b. Compare length marks on the electric tape to those on the
reference tape with the tapes laid out straight on the ground,
or compare the electric tape against the known distance
between fixed points on the ground.

c. Compare water-level measurements made with the electric
tape to those made with the reference steel tape (or one that
has recently been calibrated against it) in several wells that
span the range of depthsto water that are anticipated. For
water levels of less than 500 ft below the M P, measurements
should agree to within +/- 0.01 ft. For water levels greater
than 500 ft below the M P, measurements should agree to
within 1 part in 1000. If these accuracies are not met, then a
correction factor based on a regression analysis should be
developed.

d. Recordall calibration and maintenance datain the calibration
and maintenance log book for the electric tape.

2. Check the circuitry of the electric tape before lowering the probe
into the well. To determine proper functioning of the tape mecha-
nism, dip the probe into tap water and observe whether the indica-
tor needle, light, and/or beeper (collectively termed the “indicator”
in this document) indicate a closed circuit. For an electric tape
with multiple indicators (sound and light, for instance), confirm
that the indicators operate simultaneously. If they do not operate
simultaneoudly, determine which is the most accurate and use that
one.

3. Inspect the electric tape before using it in the field.

a. Check the tape for wear, kinks, frayed electrical connections
and possible stretch; the cable jacket tends to be subject to
wear and tear.

b. Test that the battery and replacement batteries are fully
charged.

4. Place any previous measured water-level datafor the well into the
field folder.

5. After reaching the field site, check that the measuring point (MP)
is clearly marked on the well and is accurately described in the
well file or field folder. If anew measuring point needs to be estab-
lished, follow the proceduresin Appendix A4-B-1, but do not use
paint or create casing-material filings until after sampling has been
completed to avoid sample contamination.
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6. Prepare the Gound-Water Level Notes and Water-Level Datafor
GWSI field forms (fig. B1). The measurement process will be
repeated at least twice and recorded in the respective column (refer to
the unshaded portion of the box at the upper right of fig. B1). Record
the time of measurement, using the column headed “ 1% for theinitial
set of measurements. Data are to be recorded to the appropriate accu-
racy for the depth being measured.

7. Prevent the well tape from contacting the ground and introducing dirt
into the well by spreading a clean plastic sheet around the well.

To measure water level using an electric tape:

1. Lower the electrode probe slowly into the well until the indicator
shows that the circuit is closed and contact with the water surfaceis
made. Avoid letting the tape rub across the top of the well casing.
Place thetip or nail of theindex finger on the insulated wire at the MP
and read the depth to water.

e Record the depth to water measurement in the first data-entry col-
umn, as“DTW from MP”

e Record the date and time of the measurement.

e Makeadl readings using the same deflection point on the indicator
scale, light intensity, or sound so that water levels will be consis-
tent between measurements.

e If the tape has been repaired and spliced go to the section on using
arepaired/spliced tape (step 6).

2. Apply the MP correction to get the depth to water in feet below or
above LSD. If the MP is below land surface, precede the MP correc-
tion value with aminus (-) sign to obtain the MP height. In all cases,
subtract the MP height from the water level to obtain the depth to
water (DTW from LSD). Referring to the non-shaded section of the
Ground-Water Level Notesfield form (fig. B1) in the “Depth to Water
and Well Depth” table, record this valuein the first (1%) data-entry
column as“DTW from LSD.” If the water level isabove LSD, enter
the water level asfeet above land surface preceded by a minus sign (-).

3. Make a check measurement by repeating steps 1 and 2 and record the
measurement in the second data column of fig. B1. If the check
measurement does not agree with the original measurement within
0.01 or 0.02 of afoot, make athird check measurement, recording this
measurement in the third (3" column. Make repeated check
measurements until the reason for the lack of agreement is determined
or until the results are shown to be reliable. If more than two readings
are taken, record the average of all readings.
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4. \Water-level data are recorded to the nearest 0.01 foot. Record
USGS water-level dataon field forms and in GWSI, using the
appropriate method code(s) (fig. B1).

5. After completing the well measurement, wipe down the section of
the tape that was submerged in the well water, using the cleaning
and/or disinfection method of choice (NFM 3.3.8). If disinfecting
the tape, rinse the tape thoroughly with deionized or tap water
after disinfection Dry the tape and rewind it onto the tapereel. Do
not rewind or otherwise store adirty or wet tape.

6. Using arepaired/spliced tape: If the tape has been repaired by
cutting off a section of tape that was defective and splicing the sen-
sor to the remaining section of the tape, then the depth to water
reading at the MP will not be correct. To obtain the correct depth
to water, apply the following steps, which is similar to the proce-
dure for using a steel tape and chalk.

a. Ensure that the splice is completely insulated from any
moisture and that the electrical connection is complete.

b. Measure the distance from the sensing point on the probe to
the nearest foot marker above the spliced section of tape.
Subtract that distance from the nearest foot marker above the
spliced section of tape. That point then becomes the “tape
correction.” For example, if the nearest foot marker abovethe
spliceis 20 feet, and the distance to the probe sensor is 0.85
ft, then the tape correction will be 19.15 feet. Record the tape
correction on afield form. Periodically recheck the tape-
correction factor by measuring the spliced electric tapewith a
reference steel tape.

c. Lower the electrode probe slowly into the well until the
indicator shows that the circuit is closed and contact with the
water surfaceismade. Placethetip or nail of theindex finger
on the insulated wire at the MP and read the depth to water.
Record the depth-to-water measurement and the date and time
of the measurement on the field form.

d. Subtract the “ Tape Correction” value from the “Hold” value
and record the result as DTW from LSD (fig. B1).

e. Returnto Step 2.
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Appendix A4-B-4
Water-level measurement by the air-line method®

The submerged air-line method for measuring a depth to the water sur-
face in anonflowing well requires installation of the air line and asso-
ciated equipment. This method is especiadly useful in pumped wells
where water turbulence may preclude using a more precise (steel -tape
or electric-tape) method and can be used while the well is being
pumped.

Theair-line method isless accurate than the graduated steel-tape or the
electric-tape method. Bends or spiralsin theair line do not influence

the accuracy of this method as long as the position of the tubing is not
appreciably changed.

» Water-level measurements using an altitude gage should be
accurate to 0.1 foot.

» Water-level measurements using a pressure gage are
approximate and should not be considered accurate to morethan
the nearest one foot.

» When measuring deep water levels, corrections for fluid
temperatures and vertical differencesin air density are
additional considerations (see Garber and Koopman, 1968).

Equipment and Supplies
Appendix A4-B-4 — Air-line method for water-level measurement

1/8 or 1/4-inch diameter, seamless copper tubing, brass tubing, or
galvanized pipe with a suitable pipe tee for connecting an
altitude or pressure gage. (Flexible plastic tubing can be used
but isless desirable).

Altitude or pressure gage, and spare gages
Tire valve stem and tire pump

Small open-end wrench

Wire or electrician's tape

Steel tape (see Appendix A4-B-3)
Carpenters’ chalk

Equipment calibration and maintenance log books, for each altitude
or pressure gage and steel tape.

Tape-cleaning supplies (refer to thelist for well depth and steel- and
electric-tape water-level measurement)

SFrom the USGS Office of Ground Water, Ground-Water Procedure Document 13
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To measure water level using the air-line method:

1. Install an air-line pipe or tube in the well. Figure B3 shows a typi-
cal installation for measuring water levels by the air-line method.

e Theair line can beinstalled by either lowering it into the
annular space between the pump column and casing after the
pump has been installed in the well, or by securing it to sec-
tions of the pump and pump column with wire or tape asit is
lowered into the well.

e Theair line must extend far enough below the water level that
the lower end remains submerged during pumping of the well.

2. Attach apipeteeto thetop end of the air line. On the opposite end
of the pipe tee, attach atire valve stem.

3. Using awrench, connect to the fitting on top of the pipe tee either
(a) an atitude gage that reads in feet, or (b) a pressure gage, that
reads pressure in pounds per square inch (Ib/in® or psi).

4. Connect atire pump to thetire valve stem fitting on the pipe tee.

e Asthewater level in the well changes, h and d (fig. B3) must
change in amanner such that their sum remains the same.

e Their sumisaconstant (k), which is determined at the same
time as a simultaneous wetted-steel tape and air gage mea-
surement is made.

5. To calibrate the air line and gage, make an initial depth to water
level (d) measurement with a wetted-steel tape, and an initial air
gage reading (h). Add d and h to determine the constant value for
k. Use atire pump to pump compressed air into the air line until all
the water is expelled from the line. Once all water is displaced
from the air line, record the maximum gage reading.

e Example (a) — using an altitude gage: given aninitia mea-
sured depth to the water level, d, of 25.86 ft, theinitial altitude
gagereading, h, is75.5 ft. Then the constant k =25.9 ft + 75.5
ft = 101.4 ft).

e Example (b) —using apressure gage: given aninitial measured
depth to thewater level, d, of 85.85 ft, theinitial pressure gage
reading, h, is 28 psi. Then the constant k = 86 ft + (2.3 ft/psi x
28 psi) = 86 ft + 64 ft = 150 ft.

6. Calibratethe air line and gage as described in step 5 above.
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7. To measure the water level depth in awell with an air line, subse-
quent air line readings are subtracted from the constant k to deter-
mine the depth to the water level below the MP. Use atire pump to
pump compressed air into the air line until all the water isexpelled
from the line, and record the maximum gage reading.

e Example (a) — depth to the water level in awell using an alti-
tude gage with a constant k of 101.4 ft. During alater pump-
ing period, the maximum altitude gage h reads 50.0 ft;
therefore, the water level, d = 101.4 ft - 50.0 ft = 51.4 ft.

e Example (b) — depth to the water level inawell using apres-
sure gage with a constant k of 150 ft. During alater pumping
period, the maximum pressure gage h reads 18 psi; therefore,
the water level, d = 150 ft - (2.3 ft/psi x 18 psi) = 150 ft - 41 ft
=109 ft.

8. Measure the water-level depth as described above in step 7.

9. Apply the MP correction to get the depth to water below or above
land-surface datum.

10. Record USGS water-level dataon afield form and in GWSI, using
the appropriate method code(s).
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“Altitude™ or "Pressure”
gage
Tire :
pumg Pipe | & 5
tee ; =]
TR | G T
=
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a2
| Water level
i
|
! I
|
= J Air line
Pump pipe
?:/’ur column
‘t (]
Hi
u Faor "attitude" gage:
d=k-h
o = measured depth to water
ey level, in .
H H h = height of water displaced
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For "pressure” gage:
d=k-(2.31p)
where h=2 31p0,
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per souate inch

Figure B3. Typical installation for measuring water level by the air-line method.
Modified from Driscoll, 1986.
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Appendix A4-B-5
Water-level measurement at flowing wells
using low-pressure and high-pressure methods®

Head can be measured at flowing wells under low-pressure and high-
pressure conditions, but require training and experience to be executed
correctly. The low-pressure head-measurement method is more accu-
rate, simpler, faster, and safer than the high-pressure head-measure-
ment method.

» Use the low-pressure head-measurement method at wells with
heads|ower than 5 to 6 feet above land surface (the low-pressure
method isimpractical at wellswith heads greater than 5to 6 feet
above land surface).

» Usethe high-pressure method at wells with heads greater than 5
to 6 feet above land surface. Be aware that implementing the
high-pressure method is more complex, takes more time, and
can be dangerous.

» The accuracy of the head measurement depends on the method
and equipment used, and on the experience and care of thefield
person:

e Low-pressure head measurements can be measured to an
accuracy of 0.1 foot.

e High-pressure head measurements using a pressure-gage
probably are not accurate to within lessthan 0.1 foot, although
they may be read to 0.01 foot.

8From the USGS Office of Ground Water, Ground-Water Procedure Document 12.
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Equipment and Supplies
Appendix A4-B-5 - Flowing-well water-level measurements

Low pressure | Short length of transparent plastic tubing

Hose clamps

Measuring scale

High pressure | Flexible hose with a 3-way valve

Hose clamps

Altitude or pressure gage, and spare gages

Small open end wrench

Altitude or pressure gage calibration and maintenance log
book(s)

Soil-pipe test plug (“sanitary sed”) to fit 2 to 10-inch diameter
pipes (available at plumbing supply stores).l

1 s0i I-pipe test plugs consist of alength of small-diameter pipe, generally 0.75
inch, surrounded by a rubber packer. The packer can be expanded by an attached
wingnut to fit tightly against the inside of the well casing or discharge pipe. The
small-diameter pipe is threaded so that it can be attached to a valve, hose, or
altitude/pressure gage.

When preparing for measuring the head at a flowing well:

1. If using the high-pressure method, handle the pressure gage
appropriately and with care. Altitude/pressure gages are
delicate, easily broken and subject to erroneous readings if
dropped or mistreated.

e The middle third of the range of the pressure gage provides
the most accurate reading.

e Never let thewell pressure exceed the altitude/pressure
gage limits.

e Never connect agage to awell that uses abooster pump in the
system — the pump could start automatically and the resulting
pressure surge may ruin the gage.

e Altitude/pressure gages must be calibrated with adead-weight
tester. Record the calibration in the instrument log book for
the gage that is being used.

2. When aflowing well is closed or opened by avalve or test plug, it
should be done gradually. If pressureis applied or released sud-
denly, the well could be permanently damaged by the "water-ham-
mer effect” by caving of the aquifer material, breakage of the well
casing, or damage to the distribution lines or gages. To reduce the
possibility of a"water-hammer effect”, install a* pressure-snub-
ber” ahead of the altitude/pressure gage.
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3. If possible, shut down all flow from the well so that a static water-
level measurement can be made; however, shut down may not be
possible because of well owner objections or system leaks. Wells
without a shut-down valve, can be shut-in by installing a soil-pipe
test plug on the well or discharge line.

4. If awell hasto be shut down, the time required to reach stetic pres-
sure after shut-in may range from hours to days. Since it may be
impractical or impossibleto reach true static conditions, record the
shut-in time for each gage reading. During return visits to a partic-
ular well, it is desirable to duplicate the previously used shut-in
time before making an altitude/pressure gage reading.

5. Check that the measuring point (MP) is clearly marked on the well
and accurately described in the well file or field folder. If anew
measuring point needs to be established, follow the proceduresin
Appendix A4-B-1 but do not use paint or create casing-material
filings until after sampling has been completed for the day.

To measure water level at a flowing well:
L ow-pressure head-measurement (direct measurement) method:

1. Connect a short length of transparent plastic tubing tightly to the
well with hose clamps.

2. Raisethe free end of the tubing until the flow stops.
3. Rest the measuring scale on the measuring point (MP).

4. Read the water level directly, by placing the hose against the mea-
suring scale.

5. Apply the MP correction to get the depth to water above land-sur-
face datum.

6. Repeat steps 2 through 5 for a second check reading.

High-pressure head-measurement (indirect measurement)
method:

1. Make surethat all well valves are closed except the oneto the alti-
tude/pressure gage. Thiswill prevent use of the well during the
measurement period and ensure an accurate water-level reading.
Record the original position of each valvethat is closed (full open,
half open, closed, etc.), so that the well can be restored to its origi-
nal operating condition.
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2.

Connect aflexible hose with a 3-way valve to the well with hose
clamps.

Select a gage where the water pressure in the well will fall in the
middle third of the gage range. If in doubt, use a pressure gage
having a 100-pound per square inch (psi) range to make an initial
measurement, then select the gage with the proper range for more
accurate measurements.

Attach the atitude/pressure gage to one of the two "open” valve
positions using awrench. Never tighten or loosen the gage by
twisting the case because the strain will disturb the calibration and
give erroneous readings.

Bleed air from the hose, using the other "open" valve position.

6. Open the atitude/pressure gage valve slowly to reduce the risk of

10.

11.

12.

damage by the "water-hammer effect” to the well, distribution
lines and gages. Once the needle stops moving, tap the glass face
of the gage lightly with afinger to make sure that the needle is not
stuck.

Make sure that the well is not being used by checking to see that
there are no fluctuations in pressure.

Hold the atitude/pressure gage in avertical position, with the cen-
ter of the gage at the exact height of the MP. If using an altitude
gage, read the gage to the nearest 0.1 foot. For pressure gages with
psi units, read the gage to the nearest psi or 0.1 psi and multiply by
2.31 to convert to feet of water.

Apply the MP correction to get the depth to water above land-sur-
face datum.

Shut off the well pressure and repeat steps e-i for a second check
reading.

Record the identification number of the atitude/pressure gage with
each water-level measurement so that the reading can be back ref-
erenced to the calibration record, if necessary.

Record USGS water-level dataon field forms and in GWSI, using
the appropriate method code(s).
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Appendix A4-B-6
Sample of the U.S. Geological Survey
Ground-Water Quality Notes field form’

"This form was developed for U.S. Geological Survey personnel and is included for
informational use only.
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February 2006
%lr-y'sﬁs U. S. GEOLOGICAL SURVEY GROUND-WATER QUALITY NOTES FIELD D
e NWIS RECORD NO
Station No. Station Name Field ID
Sample Date Mean Sample Time (watch) Time Datum (eg. EST, EDT, UTC)
Sample Medium ____ Sample Type ____ Sample Purpose (71999) _____ Purpose of Site Visit (50280) _____ QC Samples Collected? Y N
Project No. Proj Name. Project No. Proj Name.
Sampling Team Team Lead Signature Date
Comments:
Sample SetiD____ LABORATORY INFORMATION
Samples Collected: NUTRIENTS _____ MAJORIONS ____ TRACE ELEMENTS: filtered _____ unfiltered ____ MERCURY: filtered ____unfiltered ____ MICROBIOLOGY __
ORGANICS: filtered ____unfiltered ___ PEST__ VOC __  RADIOCHEMICALS: filtered ____unfiltered ___ RADON __ (Radon samp coll time: )
ISOTOPES ___ DOC___ TPC __ (volfitered ____mL) PIC __(volfitered ____mL) TPC (QC)__(volfiltered ____mL) OTHER
Lab Schedule:
Lab Codes: ADD/DELETE ADD/DELETE ADD/DELETE ADD/DELETE ADD/DELETE ADD/DELETE
COMMENTS Date Shipped
**Notify the NWQL in advance of shi of p ially h dous I phone 1-866-ASK-NWQL or email LabLogin@usgs.gov
FIELD MEASUREMENTS
Water Level Temp, Air (00020) °C ANC ( ) mg/L
ftblw Isd (72019)  ft blw mp (61055) Temp, Water (00010) °C Alkalinity ( ) mg/L
ft abv msl (NGVD 1929) (62610) pH(@©0400) _  units Bicarbonate ( ) mglL
ft abv msl (NAVD 1988) (62611) Sp. Cond (00095) uS/em@?25 °C  Carbonate ( ) mg/L
Flow Rate (00059) gal/min  Dis. Oxygen (00300) mg/L  Hydroxide ( ) mg/L
Sampling Depth (78890) ft blw msl DO sat. (00301) % Hydrogen sulfide odor detected? (71875) yes  no
Sampling Depth (TBD ) ftbiwlsd  Barometric pres. (00025) mmHg ~ Sample ac"[‘s‘fe‘eedpbif%f’;fv"‘ﬁ; co{fjg in’;;’]
Depth to top of sampling Eh (00090) mvolts Hyd. sulfide, unfltd, measured ( 99119) mg/L
interval (72015) ________ ftblw lsd Method: Hach ~ Chemetrics Electrode
RIS wotcte_ oner
SAMPLING INFORMATION
Sampler Type (84164) _ Sampler/Pump Type (make/model) Pump/Sampler ID
Sampling Method (82398) Sampling Condition (72006) Filter Type(s): Capsule Disc 142mm 47mm 25mm GFF Membrane
Sampler Material: STAINLESS STEEL PVC TEFLON OTHER Tubing Material: TEFLON PLASTIC TYGON COPPER OTHER
Aquifer name Depth pump set at: ftblw LSD MsL

Sampling point description

GW Color GW Clarity GW Odor Sample in contact with: ATMOSPHERE OXYGEN NITROGEN OTHER

Weather : SKY- CLEAR PARTLY CLOUDY CLOUDY PRECIPITATION- NONE LIGHT MEDIUM HEAVY SNOW SLEET RAIN MIST

WIND- CALM  LIGHT BREEZE GUSTY WINDY EST. WIND SPEED MPH TEMPERATURE- VERY COLD COOL WARM HOT
OBSERVATIONS:
COMPILED BY : DATE CHECKED BY : DATE LOGGED INTO NWIS BY: DATE

GW form ver. 7.0
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Calibrated by: STN NO
Date: Time: Location:
METER CALIBRATIONS/FIELD MEASUREMENTS
TEMPERATURE Meter make/model SIN Thermister S/N Thermometer ID
Calibration criteria: + 1 percent or + 0.5 ZC for liquid-filled thermometers ~ + 0.2 T for thermisters
Lab Tested against NIST Thermometer/Thermister? Y N Date: ES °C
Measurement Location :  FLOW-THRU CHAMBER SINGLE POINT AT ftblw LSD VERTICAL AVG. OF POINTS
Field Readings # 1 #2 #3 #4 #5 MEDIAN: °C Remark _____ Qualifier __ __
pH Meter make/model SIN Electrode No. Type: GEL LIQUID  OTHER
Sample: FILTERED UNFILTERED ~ FLOW-THRU CHAMBER SINGLE POINT AT ft blw LsD VERTICAL AVG. OF POINTS
pH Buffer | Buffer Temp [ Theoretical pH ) pH ' Slope Millivolts Temperature correction factors for buffers applied? Y N I
pH from Before Adj. | After Adj.
table BUFFER LOT  pH 7:
pHT7 NUMBERS :
PH___:
pH7
CHECK pH :
pH7
BUFFEREXP. pHT7:
pH__ DATES:
PH____
pH__
CHECK pH :
pH__
CHECK
pH__ Calibration Criteria: + 0.2 pH units
Field Readings # 1 #2 #3 #4 #5 MEDIAN: units Remark __ __ Qualifier __ __
SPECIFIC CONDUCTANCE Meter make/model SIN Sensor Type: Dip Flow-thru Other
Sample:  Flow-thru chamber Single point at ft blw Isd Vertical avg. of points
Std Value Std sC sC Std Std type | Std Exp. Date | Calibration Criteria: the greater of 5 yS/cm or 3%
pSlcm Temp | Before After Lot No. of measured value
Adj. Adj. (KCI; NaCl)
AUTO TEMP COMPENSATED METER ___
MANUAL TEMP COMPENSATED METER ____
CORRECTION FACTOR APPLIED? Y N
CORRECTION FACTOR=
Field Readings # 1 #2 #3 #4 #5 MEDIAN:, pslem Remark ___ _ Qualifier ___
DISSOLVED OXYGEN Meter make/model SIN
Sensor Type: Polarographic Luminescent  Probe No.
Sample: Flow-thru chamber  Single point at ftblwlisd  Vertical avg. of points BOD bottle Stirrer Used? Y N

Water-Saturated Air  Air-Saturated Water

Air Calibration Chamber in Water Air Calibration Chamber in Air ~ Winkler Titration Other

Calibration | Barometric [ DO Table | Salinity DO DO Zero DO Check mg/lL Adj. to mg/L Date:
Temp Pressure | Reading | Correc- Before After
oC mm Hg mglL tion Adjust- Adjust- Zero DO Solution Date Thermister Check? Y N Date
Factor ment ment Membrane Changed? N Y N/A Date: Time:
Barometer Calibrated? N Y Date: Time:
Battery Check: REDLINE RANGE
Calibration Criteria: + 0.3 mg/L
Field Readings # 1 #2 #3 #4 #5 MEDIAN: mg/L Remark_____ Qualifier___
2 GW form ver. 7.0

Chapter A4. Collection of Water Samples

U.S. Geological Survey TWRI Book 9





APP.B28—COLLECTION OF WATER SAMPLES

STN NO,

TURBIDITY Meter make/model

S/N Type: turbidimeter submersible spectrophotometer

Sample: pump discharge line

Sample: Collection Time:

flow-thru chamber
Measurement Time:

Sample diluted? Y N Vol of dilution water

single point at ftblw LSD MSL MP Sensor ID

Measurement: In-situ/On-site  Vehicle ~Office lab NWQL Other

mL Sample volume mL

TURBIDITY VALUE = A X (B+C) / C

— 5 o P H where:
Gl ®
g;{t’r'ig‘,'oz B ;:i:‘:::bzrrg o h Litizl Readnafisy A= TURBIDITY VALUE IN DILUTED SAVPLE
TUor+5% P (units) og e B= VOLUME OF DILUTION WATER, mL
o0 9 C= SAMPLE VOLUME, mL
Stock Turbidity
Standard Comments/Calculations:
Zero
Standard (DIW)
Standard 1
Standard 2
Standard 3
Field #1 #2 #3 #4 #5
MEDIAN Parameter Code FNU NTRU FNMU FBU METHOD CODE ___ Remark Codes(s) ______ Qualifier(s) ___
WELL and WATER-LEVEL INFORMATION
Depth to Water and Well Depth
WELL___ SPRING___  MONITOR___ SUPPLY___  OTHER 1sT 2ND 3RD (optional)
SUPPLY WELL PRIMARY USE: DOMESTIC__ PUBLIC SUPPLY__ IRRIGATION __ OTHER Time
Casing Material: Altitude (land surface) ft abv MSL Hold (for DTW)
Measuring Point: ft abv blw LSD MsSL MP - Cut
Well Depth ft abv blw LSD MsL mP = DTW from MP
Sampling condition (72006) pumping (8) flowing (4) static (n/a) — Measuring point (MP)
[see reference list for additional fixed-value codes] =~ DTW from LSD
Water Level: ft blw LSD (72019) ft blw MP (61055) Hold (for well depth)
ft abv MSL (NGVD 29) (62610)  ft abv MSL (NAVD 88) (62611) + Length of tape leader
Comments: = Well depth below MP
- MP
= Well depth below LSD
WATER-LEVEL DATA FOR GWSI
DATE WATER LEVEL MEASURED (C235) __ __ - __ - TIME(C709) __ __ WATER LEVEL TYPE
Month Day Year CODE (C243)
below below sea
WATERLEVEL . MP SEQUENCE NO. (C248) Jond m::s- level
(C237/241/242) (Mandatory if WL type=M)
WATER LEVEL
DATUM (C245) | NGVD 29 NAVD 88 | I A |

(Mandatory if WL type=S)

National Geodetic
Vertical Datum 0f

North American
Vertical Datum 0f

Other (See GWSI manual for codes)

WATER LEVEL
ACCURACY (C276)

foot tenth hun- notto
dreth nearest

PERSON MAKING
MEASUREMENT (C246)
(WATER-LEVEL PARTY)

Covvry]

SITE STATUS
FoRwAR (A B C D E F G H I J M N O P R S T V W X Z
LEVEL (C238)
atmos. tide  ice  dry recently flowing nearby nearby injector injector plugged measure- obstruct-pumping recently nearby nearby foreign  well affected by other
pressure  stage flowing flowing recently ~site site mer tion pumped pumping recently sub- des-  surface
flowing monita discontinued pumped stance  troyed water
METHOD OF WATER-LEVEL
MEASUREMENT(C239) A B CE F G H L M N OR ST V 2z
airline analog calibrated  est- trans- pressure calibrated geophysi- manometer non-rec. observed reported steel electric calibrated other
aifine mated  ducer gage pres. gage cal logs gage tape tape elec. tape

SOURCE OF WATER-LEVEL

DA (c24) | ADGLMOTR S Z |
other driller’s geol- geophysi- memory owner other reporting other
govt log st callogs reported  agency
MEASURING AGENCY (C247) m RECORD READY FOR Y Cc P L
(SOURCE) WEB (C858)

checked; not proprietary; local use

ready for checked; noweb  only; no
noweb display  web
display ~display display
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WELL PURGE LOG STNNO
Allowable Drawdown: ft Purge method: stanDARD ~ LOW-FLOW  OTHER
Time Water Draw- Well Pumping | Water | Conduc- pH Dis- Turbidity Comments
Level blw down Yield Rate Temp tivity units solved [clarity, etc.]
MP LSD ft gpm gpm °Cc ps/icm oxygen
MEDIAN VALUES
QUIESCENT PH
FINAL FIELD MEASUREMENTS
Well Volume (gal) = V= 0.0408 HD? or Well Volume=Hx F Parameter Stability Criteria*
where: pH + 0.1 units (+ 0.05 units if instrument display 2 or more
Vis volume of water in the well, in gallons digits to the right of the decimal)
His height of water column, in feet Temperature (T) +0.2° C (thermistor)
D is inside Diameter of well, in inches — —
. K Specific Conductivity + 5%, of SC < 100 uS/cm
F is casing Volume Factor (see table) (SC) + 3%, for SC > 100 uS/cm
H= Well depth - Static water level = feet Dissolved Oxygen (DO) | + 0.3 mg/L
Diameter, inside (D) = inches Turbidity (TU) + 10%, for TU< 100: ambient TU is < 5 or most ground-
1 well vol _ i water systems (visible TU > 5)
wellvolume (V)= _______ gallons *allowable variation between 5 or more sequential field-measurement values
P:rge Volume=(n}(V)=______ gallons[Actual=________ gal] Depth to set pump from MP (all units in feet) :
where:
nis number of well vc_>|umes to b_e removed during purging Distance to top of screen from LSD
Vis volume of water in the well, in gallons
Q = estimated pumping rate = gallons per minute + MP
Approximate purge time = (purge volume)/Q = minutes
VOLUME FACTORS — (7 to 10 x diameter (ft) of the well)
DIAMETER (in.)[1.0 ‘1.5 ‘z.o ‘3.0 ‘4.0 45 ‘5.0 ‘6.0 ‘8.0 ‘10.0 ‘12.0‘24.0 ‘36.0 -
CASING VOL. 0.04 ‘0.09‘0.16‘0.37‘0.65 0.83‘1.02‘1.47 ‘2.61‘4.08 ‘5.88‘23.5 ‘52.9 = Depth to pump intake from MP
Screened/Open Interval: ToP . ftblw LSD MsL Depth to pump from LSD (all units in feet) :
Bottom N ftblw LsD MmsL MP
Depth to Top of Sampling Interval . ft blw LSD wmsL
Depth to Bottom of Sampling Interval X ft blw LSD MsL = Depth pump set from LSD MsL
Notes/Calculations:
4 GW form ver. 7.0
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STN NO,
ALKALINITY/ANC CALCULATIONS
CALCULATIONS
H,0 TEMP. °c H20 TEMP. °c
ALKALINITY 0R ANC (meg/L) = 1000 (B) (Ca) (CF) / Vs
PH APH | VOLACID | AVOLACID | _APH PH APH [ VoL AciD | AVoL AciD | _APH
DCormL | DCormL | AVoL DCormL [ DCormL | AVoL | ALKALINITY (mg/L As CaCOs) = 50044 (B) (C.) (CF)/ Vs
ACID ACID where:
B = volume of acid titrant added from the initial pH to
the bicarbonate equivalence point (near pH 4.5), in
millliters. To convert from digital counts to milliliters,
divide by 800 (1.00 mL = 800 counts)
Ca = concentration of acid titrant, in milliequivalents
per milliliter (same as equivalents per liter, or N)
CF = correction factor (obtain from OWQRL for Hach
acid cartridges of certain lot numbers — default value
is 1.00)
Vs = volume of sample, in milliliters
For samples with pH <9.2:
BICARBONATE (megL) = 1000 (B-2A) (Cs) (CF) / Vs
BICARBONATE (mg/L) = 61017 (B-2A) (Ca) (CF) / Vs
CARBONATE (meg/L) = 2000 (A) (Cs) (CF)/ Vs
CARBONATE (mglL) = 60009 (A) (Cs) (CF) / Vs
where:
A = volume of acid titrant added from the initial pH to
the carbonate equivalence point (near pH 8.3), in
milliliters. To convert from digital counts to milliliters,
divide by 800 (1.00 mL = 800 counts)
NOTE: For samples with pH > 9.2, these equations for
bicarbonate and carbonate will fail to give accurate results.
Use the Alkalinity Calculator at http://oregon.usgs.gov/alk or
PCFF.
HACH CARTRIDGE CORRECTION FACTOR
END H,0 TEMP. °c END H20 TEMP. °c [See OWQ WaQl Note 2005.02 for info]
FIRST TITRATION RESULTS SECOND TITRATION RESULTS pH meter Meter make/model: SIN
calibration
DATE DATE
Electrode No. Type: gel Slope Milli-
BEGIN TIME END TIVE BEGIN TIME END TIME. liquid volts
ALKALINITY/ANC meq/L ALKALINITY/ANC meq/L other
ALKALINITY/ANC mg/L AS CACOs ALKALINITY/ANC mg/L As CACOs3 pH buffer | Buffer | Theoretical pH pH
temp | pH from table | before | After
BICARBONATE. mglL meg/L AS HCOs™ BICARBONATE _____mg/L _____meq/L AS HCOs" adj. adj.
CARBONATE mglL meq /L AS CO 5 CARBONATE mg/L meq /L As CO 3% pH7
AciD: 16N 0.16N 0.01639N AciD: 16N 0.16N 0.01639N pH__
OTHER: OTHER: Check
Acip Lot No. Acip LoT No. pPH__
AcID EXPIRATION DATE AcID EXPIRATION DATE
Comments/Calculations:
SAMPLE VOLUME: mL SAMPLE VOLUME: mL
FILTERED UNFILTERED FILTERED UNFILTERED
METHOD: INFLECTION POINT GRAN METHOD: INFLECTION POINT GRAN
FIXED ENDPOINT FIXED ENDPOINT
STIRRING METHOD: ~ MAGNETIC ~ MANUAL STIRRING METHOD:  MAGNETIC  MANUAL
5

Collection of Water Samples, Version 2.0 (9/2006)

GW form ver. 7.0
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COLLECTION OF WATER SAMPLES—APP.B31

STN NO,
QUALITY-CONTROL INFORMATION
PRESERVATIVE LOT NUMBERS
7.5N HNOs 6N HCI 4.5N H.S04 Conc. H2S04 NaOH
(METALS&CATIONS) (Hg) (NUTRIENTS&DOC) (COD, PHENOL, 08G) (CYANIDE)
OTHER 1:1HCI Number of drops of HCL added to lower pH to < 2 ( NOTE: Maximum number of drops = 5)

(voc)

BLANK WATER LOT NUMBERS

Inorganic (99200) 2nd Inorganic (99201)
Pesticide (99202) 2nd Pesticide (99203) Spike vials (99104)
VOC/Pesticide (99204) 2nd VOC/Pesticide (99205) Surrogate vials
FILTER LOT NUMBERS
capsule, pore size type
disc pore size type
142mm GFF pore size type
(organics)
47mm GFF pore size type
(organics)
25mm GFF pore size type
(organic carbon)
142mm membrane pore size type
(inorganics)
other pore size type
QC SAMPLES
Starting date for set of samples (99109) (YMMDD) Ending date for set of samples (99110) (YMMDD)
Sample Type NWIS Record No. Sample Type NWIS Record No. Sample Type NWIS Record No.
Equip Blank Sequential Trip Blank
Field Blank Spike Other
Split Concurrent Other

NWQL Schedules/lab codes (QC Samples)

COMMENTS
(Circle appropriate selections)
99100 Blank-solution type " "
Inorganic grade (distilled/deionized) 99102 Blank-sample type 99108 Spike-solution volume, mL
40  Pesticide grade (OK for organic carbon) 1 Source Solution 99106 Spike- le t 99107 Spike-solution source
50 Volatile-organic grade (OK for inorganic, 30 Trip 10 F}itlde sample type 10  NwaL
organic, and organic carbon) 60  Filter
80 Universal blank water 70  Preservation
200 Other 80  Equipment (done in non-field environment) 99112 P Topical OC dat
90 Ambient UIPOSE, opical ! ata
99101 Source of blank water 100  Field 1 Routine QC (non-topical)
200 Other 10 Topical for high bias (contamination)
40 NIST 20 Topical for low bias (recovery)
55 \(’)V‘SCOHSi" District Mercury Lab 99111 QC sample associated with this environmental sample 1?8 %g:gz: Ig; z:::g:::g :22:3 gglllj:a’:;)tion)
20 ther 110 g;::somated QA data 120 Topical for variability (field personnel)
icate- . 130 Topical for variability (field processing
S9N Eepicato-sample ype 3 Replate Sample 10 Topal fcrvariabilig Eshippﬁng&hand?i)ng)
20 Sequential 100 M’Z)Ir: tiaar:?):etype of QA sample 200 Topical for variabilty (tab)
30 Spit 200 Other 900 Other topical QC purpose
40  Split-Concurrent
50  Split-Sequential
200 Other

6 GW form ver. 7.0
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APP.B32—COLLECTION OF WATER SAMPLES

REFERENCE LIST FOR CODES USED ON THIS FORM

18 Producing
19 Circulating

2 Undesignated

4 Flowing 23 Flowing to Pit
6 Flowing on gas lift 24 Water Flooding
8 Pumping 25 Jetting

10 Open hole 30 Seeping

31 Nearby well pumping
32 Nearby well taking water

00452 Carbonate, water, filtered, incremental, mg/L
00445 Carbonate, water, unfiltered, fixed endpoint, mg/L
00447 Carbonate, water, unfiltered, incremental, mg/L
29810 Hydroxide, water, filtered, fixed endpoint, mg/L
71834 Hydroxide, water, filtered, incremental, mg/L
71830 Hydroxide, water, unfiltered, fixed endpoint, mg/L
71832Hydroxide, water, unfiltered, incremental, mg/L

Sample Medium Codes 71999 Sample purpose A complete set of fixed-value Time Datum Codes
6 Regular Ground water 10 Routine codes can be found online at: Std  UTC Daylight UTC
S Quality-control sample (associated 15 NAWQA http://wwwnwis.er.usgs.gov/ Time Offset Time Offset
environmental sample -6 (GW)) 50 GW Network currentdocs/index.html Time Zone Code (hours)  Code (hours)
For replicates and spikes 110 Seepage Study Hawaii-Aleutian ~ HST -10 HDT -9
Q Artificial 120 Irrigation Effects " Alaska AKST -9 AKDT -8
130 Recharge 00003 - Sampling depth, ft blw Pacific PST 8 PDT 7
Value Qualifiers 140 Injection Mountain MST -7 MDT -6
e see field comment 223:3 Pump or ﬂf‘l,?”wp:'ii’dGPM Central CST -6 coT -5
f sample field preparation problem Sample Type Code prior to sampling, minutes Eastern EST -5 EDT -4
k counts outside the acceptable range 9 Regular 72019 Water Ie\;el # blw LSD Atlantic AST -4 ADT -3
7 Replicate ;
Null-value Qualifiers 2 Blank . 84164 Sampler type
e required equipment not functional or available || 1 Spike ai:g:% S:;]r‘\e ;;Ilsr;?nn:::hod 4010 'ﬁuef g:mp\e,
f sample discarded; improper filter used 4020 Open-top Eailer 4020  Open-top Bailer
o insufficient amount of water 4025 Dguble-valve bailer 4025 Double-valve Bailer
‘ 4030  Suction Pump
50280 Purpose of site visit 1040 SoomerEe? o 4035 Submersible Centrfugal Pump
2001 Primary (primary samples should not exist for a site for more than one date 4045 Submersible multiple impeller 4040  Submersible Positive-pressure Pump
per HIP, and the primary sampling date generally has the highest number of (turbine) pump 4041 Submersible Helical Rotor Pump
NAWQA analytes) 4050 Squeeze pump 4045  Submersible Gear Pump
2002 (to fill in missing not sampled or lost) 4060 Gas reciprocating pump 4050  Bladder Pump
2003 Temporal characterization (for previously sampled schedules; includes LIP 4070 Gas lift 4060  Gas Reciprocating Pump
and seasonal samples) 4080 Peristaltic pump 4070  Gas Lift
2004 Resample (to verify questionable concentrations in primary sample) 4090 Jet pump 4075  Submersible Piston Pump
2098 Ground-water quality control 4100 Flowing well 4080  Peristaltic Pump
2099 Other (ground-water related samples with medium code other than "6", such 4110 Resin trap collector 4090  Jet pump
as soil samples or core material) 8010 Other 4095  Line-Shaft Turbine Pump
4100  Flowing Well
72006 Sampling Condition 8010  Other
01 The site was dry (no water level is recorded)
0.02 The site had been flowing recently Alkalinity/ANC Parameter Codes 71825 Hydrogen Sulfide Odor
0.03 The site was flowing, head could not be measured 39086 Alkalinity, water, filtered, incremental titration, mg/L
0.04  Anearby site that taps the Aquifer was ~ flowing 00418 Alkalinity, water, filtered, fixed endpoint, mg/L Value
0.05 Nearby site tapping same Aquifer had been flowing recently [[ 29802 Alkalinity, water, fitered, Gran ftration, mg/L none entered (null
0.06 Injector site 00419 ANC, water, unfiltered, incremental titration Remark Code Method Code
0.07 Injector site monitor 00410 ANC, water, unfiltered, fixed endpoint, mg/L M detect U un-acidified sample
0.08 Measurement discontinued 29813 ANC, water, unfiltered, Gran titration, mg/L U non-detect V acidified sample
0.09 Obstruction encountered in well above water surface 29804 Bicarbonate, water, filtered, fixed endpoint, mg/L
0.10 The site was being pumped 63786 Bicarbonate, water, filtered, Gran, mg/L
0.11 The site had been pumped recently 00453 water, filtered, ir , mg/L
0.12 Nearby site tapping the same Aquifer was being pumped 00440 Bicarbonate, water, unfiltered, fixed endpoint, mg/L
0.13 Nearby site tapping the Same Aquifer was pumped recently 00450 Bicarbonate, water, unfiltered, incremental, mg/L
0.14 Foreign substance present on the surface of the water 29807 Carbonate, water, filtered, fixed endpoint, mg/L
0.16 Water level affected by stage in nearby site 63788 Carbonate, water, filtered, Gran, mg/L
0.17 Other conditions affecting the measured water level

22 Lifting

33 Well taking water

Collection of Water Samples, Version 2.0 (9/2006)

GW form ver. 7.0
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COLLECTION OF WATER SAMPLES—APP.C1

APPENDIX A4-C

Quality-control samples collected by field
personnel for water-quality studies

Page
Blank sampleS......cccccovvieeiiierccceeeccieees APP.C2
Replicate samples........ccocooeviiieieenienn. APP.C5

Reference, spike, and blind samples......APP.C6
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APPENDIX A4-C—Quality-control samples collected by field personnel for water-quality studies.

[Common types of quality-control (QC) samples are described in thistable; the list is not comprehensive. Some terms, descriptions, and purposes for QC samples have been
compiled and modified from Sandstrom (1990), Horowitz and others (1994), Koterba and others (1995), Mueller and others (1997), unpublished notes from the USGS course
“Quality-Control Sample Design and Interpretation,” and the following USGS Branch of Quality Systems Technical Memorandums: 90.03, 92.01, 95.01; QC, quality control;
Blank-water abbreviations': PBW, pesticide-grade (not nitrogen-gas purged) blank water; VPBW, volatil e-organic-compound and pesticide-grade, nitrogen-gas-purged blank
water; IBW, inorganic-grade blank water]

BLANK SAMPLES?

Sample type

General description®

Purpose®

Field blank

Blank water that is passed through the entire sampling equipment
system onsite and subjected to identical collection, processing,
preservation, transportation, and storage procedures and laboratory
handling as for environmental samples.
» Thefield blank is processed onsite through clean equipment on the
same day as, and along with, the environmental samples, either,
(a) directly after the equipment has been field cleaned and before
leaving for the next site (NFM 3), or,
(b) at the next site, just before environmental samplesfor that site
are processed.
. é set of b)lankscan be processed and associated with the field blank
ig. 4-14).

Determine the concentrations of target analyte(s) present in the
environmental sample that could be attributed to field procedures for
equipment cleaning and sample handling. Results include effects from
laboratory handling.

Examplesrelated to (a) and (b) (see“ General description”):

(a) Check the adequacy of field-cleaning procedures (demonstrate that
equipment was adequately decontaminated after previous use);

(b) Identify contamination of sampling equipment while in transport
from office to field site or between field sites, and ambient field
conditions at the field site.

Equipment blank

Blank water that is passed sequentially through each component of the
equipment system to be used for collecting and processing
environmental samples and resulting in asingle final blank sample.

« Differsfrom afield blank in that the equipment blank is processed
under controlled conditions in an office laboratory and before
equipment will be used for field work. Standard USGS procedureis
to collect an annual equipment blank if the equipment isnot in active
use.

 Canresult in collecting a series of blank samples sequentially, each
sample of which represents a different component or components of
the equipment system; for example, sampler-equipment blank,
splitter-equipment blank, filter-equipment blank.

« |dentify effects of the equipment system used to collect and process
samples on analyte concentrations.

« Verify adequacy of equipment-cleaning procedures (NFM 3).

* Relating to components of the equipment system, assess potential of
sample contamination and adequacy of equipment-cleaning procedures
associated with each component of the equipment system to be used for
field work.

 Can be used to help identify or eliminate source(s) of contamination.

20'ddV
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APPENDIX A4-C—Quality-control samples collected by field personnel for water-quality studies.—continued

[Common types of quality-control (QC) samples are described in thistable; thelist is not comprehensive. Some terms, descriptions, and purposes for QC samples have
been compiled and modified from Sandstrom (1990), Horowitz and others (1994), Koterba and others (1995), Mueller and others (1997), unpublished notes from the
USGS course “Quality-Control Sample Design and Interpretation,” and the following USGS Branch of Quality Systems Technical Memorandums: 90.03, 92.01,
95.01; QC, quality control; Blank-water abbreviations': PBW, pesticide-grade (not nitrogen-gas purged) blank water; VPBW, volatile-organic-compound and pesti-
cide-grade, nitrogen-gas-purged blank water; |BW, inorganic-grade blank water]

BLANK SAMPLES?
Sample type General description3 Purpose3
Ambient blank Blank water that is exposed to the identical collection and Determine analyte concentrations present in the
processing areas and time period as environmental samples. The environmental sample that could be attributed to exposure of sample

blank water is transferred from the stock-solution container to the to the ambient atmosphere in which samples are collected, processed,
same type of bottle used for an environmental sample. The specific | and analyzed.

mode of exposure to the atmosphere is determined by the QC

objective.
Examples:
(@) The blank water is transferred to a sample bottle while in the Referring to the general description:
sample-processing chamber used for environmental samples. « Example (a) is used to assess concentrations after processing the
(b) Container such asasample bottle is prefilled with blank water, blank in amanner that mimics collection of the environmental

opened while in the processing chamber, and exposed to the
chamber atmosphere throughout the processing of
environmental samples.

sample.
» Example (b) is used to indicate the maximum analyte

concentration that would result from prolonged sample exposure to
ambient conditions.

Sour ce-solution Stock solution of PBW, VPBW, or IBW that istransferred to a Determine the source of water used for blanks and the degree to
blank sample bottle in an area of the office laboratory within a controlled | which the composition of blank solution could have changed (with
atmosphere that is relatively clean and protected with respect to respect to target analytes) from time of laboratory certification to time
target analytes. of use.
Sampler blank Blank water processed through the same sampler used for * |dentify effects of sampler components on analyte concentrations.

environmental samples after the sampler has been cleaned. (Blanks | « Verify adequacy of cleaning procedures (NFM 3).
processed through pump samplers usually are designated pump
blanks).

Splitter blank Blank water processed through the same sample-splitting device « |dentify effects of splitter components on analyte concentrations.
used to collect or to process environmental samples (suchasachurn | « Verify adequacy of cleaning procedures (NFM 3).

splitter, cone splitter, or manifold system), after the splitter has been
cleaned.

€0'ddV—S3TdINVS J31VM 40 NOILD3T10D
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APPENDIX A4-C—AQuality-control samples collected by field personnel for water-quality studies.—continued

[Common types of quality-control (QC) samples are described in thistable; thelist is not comprehensive. Some terms, descriptions, and purposes for QC control samples
have been compiled and modified from Sandstrom (1990), Horowitz and others (1994), Koterba and others (1995), Mueller and others (1997), unpublished notes from the
USGS course “Quality-Control Sample Design and Interpretation,” and the following USGS Branch of Quality Systems Technical Memorandums: 90.03, 92.01, 95.01;
QC, quality control; Blank-water abbreviations:; PBW, pesticide-grade (not nitrogen-gas purged) blank water; VVPBW, vol atil e-organic-compound and pesticide-grade,
nitrogen-gas-purged blank water; IBW, inorganic-grade blank water]

BLANK SAMPLES?
Sample type General description3 Purpose3
Pump blank Blank water processed through the pump-and-tubing system used « |dentify effects of pump components and tubing on analyte
for environmental samples, after pump and tubing have been concentrations.
cleaned. « Verify adequacy of cleaning procedures (NFM 3).
Filter blank Blank water processed through the filter assembly used for « |dentify effects of filtration assembly on analyte

environmental samples, after the filter unit or assembly has been
cleaned.

concentrations.

« Verify adequacy of cleaning procedures, if aplate or cartridge
assembly is used—see NFM 3.

« If thefilter blank is to represent the same filter media, the blank is
processed prior to the environmental samples.

Preservation blank

Blank water that is transferred to a sample bottle and chemically
treated with a preservative in an area protected from atmospheric
contamination (usually under aclean hood environment in the office
laboratory). The preservative used is from the same lot number used
for the other QC and environmental samples.

Determine the potential for, and magnitude of, sample
contamination from the chemical treatment to be used to preserve the
environmental sample.

Shelf blank
("Hold" blank)

Blank water that is transferred into the same type of bottle used for
an environmental sample (usually in a protected environment in the
office laboratory) and stored adjacent to stored environmental
samples for the same length of time.

Determine the potential for and magnitude of sample
contamination from sample storage in a designated area for a
designated length of time.

Refrigerator blank

Blank water that is transferred to a sample bottle (usually in a
protected environment in the office laboratory) and stored adjacent
to environmental samplesin arefrigerated area for the same length
of time.

Determine the potential for, and magnitude of, sample
contamination from refrigeration of the sample for a designated
length of time.

0'ddV
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APPENDIX A4-C—AQuality-control samples collected by field personnel for water-quality studies.—continued

[Common types of quality-control (QC) samples are described in thistable; the list is not comprehensive. Some terms, descriptions, and purposes for QC samples have been

compiled and modified from Sandstrom (1990), Horowitz and others (1994), Koterba and others (1995), Mueller and others (1997), unpublished notes from the USGS course
“Quality-Control Sample Design and Interpretation,” and the following USGS Branch of Quality Systems Technical Memorandums: 90.03, 92.01, 95.01; QC, quality control;
Blank-water abbreviations!; PBW, pesticide-grade (not nitrogen-gas purged) blank water; VPBW, volatile-organic-compound and pesticide-grade, nitrogen-gas-purged blank
water; |BW, inorganic-grade blank water]

REPLICATE SAMPLES

Sample type

General description®

Purpose3

Replicates (duplicates,
triplicates, etc. of
sequential, split,
concurrent, or other
type of replicate sample)

A set of samplesthat is collected close in time and space and in a
manner so that the samples are thought to represent virtually the
same physical, chemical, and biological properties.

Depending upon itstype, areplicateis used to determine variability in
some part of the sample collection, processing, and analysis system.

Concurrent replicates

Samples obtained simultaneously using two or more samplers or by
using one sampler and alternating collection of samplesinto two or
more compositing containers (Horowitz and others, 1994).

Identify and (or) quantify the variability in the system
being sampled.

Sequential replicates

Samples that are collected one after the other and considered
virtually identical in composition.

« |dentify and (or) quantify the variability introduced from
collection, processing, shipping, and laboratory handling and
analysis.

« Can be designed to indicate temporal variability resulting from
consecutive collection of samples.

Split replicates

Samples obtained by dividing one sample into two or more
subsamples either before or after sample processing and
preservation. Each of the subsamplesisto be analyzed for
concentrations of the same constituents or compounds.
Examples:

(a) A processed and treated sample in a sample bottleis split into
two or more aliquots and subjected to identical handling and
anaysis.

(b) Environmental water is passed through a splitting device (such
as a cone splitter or T-valve) from which subsamples are
collected simultaneously and subjected to identical handling
and analysis.

(c) Environmental water is collected into acompositing device from
which subsamples are collected sequentially and subjected to
identical handling and analysis.

» Assess variability for agiven sample matrix.

» Compare differences in analyses obtained from the same or separate
laboratories.
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APPENDIX A4-C—Quality-control samples collected by field personnel for water-quality studies.—continued

[Common types of quality-control (QC) samples are described in thistable; the list is not comprehensive. Some terms, descriptions, and purposes for QC samples have
been compiled and modified from Sandstrom (1990), Horowitz and others (1994), Koterba and others (1995), Mueller and others (1997), unpublished notes from the

USGS course “Quality-Control Sample Design and Interpretation,” and the following USGS Branch of Quality Systems Technical Memorandums: 90.03, 92.01, 95.01;
QC, quality control; Blank-water abbreviations!; PBW, pesticide-grade (not nitrogen-gas purged) blank water; VPBW, volatile-organic-compound and pesticide-grade,
nitrogen-gas-purged blank water; IBW, inorganic-grade blank water]

REFERENCE, SPIKE, AND BLIND SAMPLES

Sample type

General description®

Purpose®

Reference sample

A laboratory-prepared solution or material whose composition is
certified for one or more properties so that it can be used to assessa
measurement method or for assighing concentration values of
specific analytes.

Testsfor bias and variability of the laboratory measurement process.

Spike sample

Environmental (“field-matrix spikes") or reference-material sample
to which a spike solution has been added in known concentrations
and in amanner that does not substantially change the original
sample matrix. Spike solution is asolution having laboratory-
certified concentrations of selected analytes and that are added in

known quantities to a sample.*

Assess the recovery of target analytesrelative to the actual conditions
to which samples have been exposed; quantify effects of sample-
matrix interferences and analyte degradation on analyte recovery.

Blind sample

A sample (typically, reference material) submitted for laboratory
analysis with composition known to the submitter but unknown
(blind) to the analyst. Every blind sample analyzed should have an
associated reference to the source and preparation procedure.

Test for bias and variability of the laboratory measurement process.

1Blank water is a solution that is free of analyte(s) of interest at a specified detection limit and that is used to devel op specific types of QC samples.USGS personnel are required

to use blank water that has been analyzed and certified to be of a specific grade.
2Blank samples (blanks) for trace-element analysis have a unique NWQL schedule of analysis, different from that of the environmental sample.

3The descri ption of a QC sample depends to some extent on the purpose for which it is collected. The purpose for the QC sample can govern the mode of its collection,
processing, and treatment, and the equipment to which it is exposed. Purposes for a specific type of QC sample are varied. Analysis of al QC samplesincludes the bias and
variability introduced from shipping and laboratory handling and analysis of the sample.
4For USGS studies, obtain spike solutions in spike kits for pesticide and volatile organic compound analyses from the USGS National Field Supplies
Service (NFSS) through One-Stop Shopping.
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COLLECTION OF WATER SAMPLES—APP.D1

APPENDIX A4-D

Examples from the National Water-Quality
Assessment Program Related to

Protocols for Collecting Blank Samples

at Ground-Water Sampling Sites

Modified from Koterba and others, 1995

Table 1. Example of procedure to estimate and
collect field volumes of blank
solutions.

Table 2. Example of procedure to collect
blank samples with a submersible
water-quality pump.
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APP.D2—COLLECTION OF WATER SAMPLES

APPENDIX A4-D—Table 1. Example of procedure to estimate and collect field
volumes of blank solutions.

[Modified from Koterba and others, 1995, and based on protocols of the National
Water-Quality Assessment Program. DIW, District deionized water with specific
electrical conductance less than 1.0 microsiemens per liter; VPBW, volatile-
organic-compound and pesticide-grade blank water; PBW, pesticide-grade blank
water; IBW, inorganic-grade blank water; DOC, dissolved (filtered) organic car-
bon; gal, gallons; L, liters; ~, approximately; NWQL, National Water Quality
Laboratory]

Assumptions: Submersible pump was used to collect the ground-water samples.
Equipment just used to collect ground-water samples has been decontaminated,
and, except for the pump intake being in a standpipe, is set up on site in the same
manner asit was for the collection of ground-water samples.

Blank-Solution Typesand Estimate of Volumes Required®

Field blank(s) Required Mini- Comments
desired blank- mum vol-
solution umein
type gal (L)
Major ions and IBW 1.0(~4) | Waste0.5gdl, then collect field
nutrients blanks; can use DIW to forcelast
of the IBW needed through the
Trace elements IBW 10(~4) | system.
Major ions and IBW 15 (~6) | Waste0.5gal, then collect field
nutrients and blanks; if necessary, use DIW to
trace elements force last of the IBW needed
through the system.

VOCs and DOC! VPBW 15(~6) | Waste 0.5 gal, then collect field

. 1 blanks; can use DIW toforcelast
Pesticides and PBW 15(~6) | of VPBW (or PBW) through the
DOC system.

VOCs, DOCland VPBW 2.0 (~8) | Waste 0.5 gal, then collect field
esticides blanks; can use DIW toforcelast
p of VPBW or PBW through the
system.

luse VPBW for VOC field blanks. PBW can not be used. Select VPBW or PBW
for DOC field blanks only after reviewing certification forms of the ot numbers
available. A solution-blank sample of water from the same lot of NWQL water is
poured directly into the DOC 125-mL amber sample bottle and is required for
every DOC field blank. Record the lot number of the water used for the solution
blank on the ASR form.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9





COLLECTION OF WATER SAMPLES—APP.D3

APPENDIX A4-D—Table 2. Example of procedure to collect blank samples with a
submersible water-quality pump.

[Modified from Koterba and others (1995). DIW, deionized water; VPBW, vol-
atile-organic-compound and pesticide-grade blank water; PBW, pesticide-
grade blank water; IBW, inorganic-grade blank water; VOC, volatile organic
compound; QC, quality control]

General Field-Blank Collection Procedure’

1. Divide field team duties—Three-person team recommended—Two people collect
samplesin amanner similar to that used to collect ground-water samples; the third
person adds blank water to standpipe and controls flow through system, as needed,
to facilitate field blank collection.

2. Check flow set-up—From standpipe to sampl e collection/processing chamber, en-
sure that adequate volumes of DIW and the required blank water are within easy
reach of person stationed at standpipe and arranged in order of collection: IBW first,

and PBW or VPBW last.2

3. Set low flow rate—Once pumping isinitiated, set flow (on basis of measurement at
chamber outflow) to about 0.1 gal. (500 mL) per minute or lessto avoid wasting ex-
cessive amounts of blank water (to avoid air bubbles, 150 mL/min or lessis recom-
mended for filling VOC vials).

4. Collect blank solutions in prescribed sequence, collecting the IBW before the
equipment is exposed to methanol and PBW or V PBW—As sol utions are changed,
pump operator should change to clean gloves, empty residua solution from stand-
pipe, rinse pump intake and standpipe, individually, at least three times each, with
the next solution.

» Use an air segment to mark the end of one solution and the beginning of the next;
aternatively, determine the change in solutions on the basis of the storage vol-
ume in the line divided by the pumping rate to estimate the time it takes for the
solution to travel from the standpipe to the collection/processing chamber.

* Pass about 0.5 gallons (approximately 2 L) of blank solution to waste before col-
lecting the QC sample, regardless of whether air segments or timed flow or both
are used to assess when the solution arrives at the collection chamber.

» Useonetype of water toforcethelast of another typefrom the sampletubing after
al samplesthat requirethat blank-water type have been collected, in order to lim-
it the amount of blank water |eft in the sample tubing.

lAs.s;umptions: Submersible pump was used to collect the ground-water samples.
Organic and inorganic field blanks will be collected. Equipment just used to collect
ground-water samples has been cleaned, and, except for the pump intake being in a
standpipe instead of a well, is set up on site in the same manner as it was for the
collection of ground-water samples. Standpipe has just been cleaned and subsequently
rinsed with VPBW. If only inorganic field blanks will be collected, rinse cleaned
standpipe with IBW and modify steps 2 to 4 accordingly.

2Referring to NFM 3, follow the cleaning sequence shown on fig. 3-1 for the inorganic
and organic cleaning procedure.
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NOTE

The Sigurd Olson Environmental Institute (SOEI) at Northland College provides applied learning
opportunities for students to assist natural resource professionals in lake management planning through
researching the relationship between lakes physical, biological, chemical and social processes and lake
use and watershed activities. The SOEI conducts water quality monitoring, baseline aquatic plant
monitoring following Wisconsin Department of Natural Resources procedures, and shoreline habitat
assessments to collect and analyze data for development of lake specific, comprehensive Lake
Management Plans for lakes across Northern Wisconsin. This SOEI Water Quality for Lakes Field
Operation Protocol documents operating procedures of inland lakes and Chequamegon Bay to assess
change in the baseline limnological parameters, aquatic macrophytes, and shoreline habitat for the
purpose of monitoring changes in water quality, aquatic vegetation, and shoreline habitat over time.
This protocol includes Sample Design; Field Season Preparation; Training and Safety Procedures; Data
Recording; Pre-Departure Activities, Monitoring Site Methods; Shoreline and Littoral Habitat
Assessment; Baseline Monitoring of Aquatic Plants; End of Season Procedures, Quality Assurance
Quiality Control; and Data Entry, Analysis and Reporting measures that all staff and researchers follow
in implementing the lake program.

The protocol also contains Standard Operating Procedures (SOPs) to follow at the office, laboratory and
on-lake sites, including procedures for Field Season Preparation, Training and Safety, Using the GPS,
Decontamination and Cleaning of Equipment, Calibration of Multi-probe sampler, Field Measurements
and Water Sample Collection, Secchi Disk Sampling, Processing Water Samples and Laboratory
Requirements, Shoreline and Littoral Habitat Assessment, Baseline Monitoring of Aquatic Plants, Data
Entry and Management, Data Analysis, Reporting, Post-Season Procedures, Quality Assurance/Quality
Control Standard.





The SOEI Northland College Water Quality for Lakes Monitoring Protocol consists of the following:
1. Protocol
2. Standard Operating Procedures

SOP #1: Field Season Preparation

SOP #2: Training and Safety

SOP #3: Using the GPS

SOP #4: Decontamination & Cleaning of Equipment

SOP #5: Calibration of Multi-probe YSI Sampler

SOP #6: Field Measurements and Water Sample Collection
SOP #7: Secchi Disk Sampling

SOP #8: Processing Water Samples and Analytical Laboratory Requirements
SOP #9: Habitat Assessment

SOP #10: Baseline Monitoring of Aquatic Plants in Wisconsin
SOP #11: Data Entry and Management

SOP #12: Data Analysis

SOP #13: Reporting

SOP #14: Post-Season Procedures

SOP #15: Quality Assurance/Quality Control Standard





Content

Background and ODJECTIVES .........oiuieieiieitieie ettt sttt e sbe et s reesbeenesneesbe e 5
BACKGIOUNG ...ttt bttt b et bt st e e neenne e 5
MeasUrable ODJECLIVES .........ccveiiiieiiece et e e sre e neenne e 5
Quality Assurance and Quality CONLIOl..........ccooiiiiiiiiiie e 5
[0 0 £S] ot PSSR 5

ST L] 0] L300 1= [ RSSO 6
Frequency Of SAMPIING.......couiiiii e 6
LOC AT ON OF SIEBS. e ettt ettt e e e e ettt e e e e e e e e et eeeeeeeeaeereeeeeenaans 6
Depths OF SAMPIING ...cveeiiiie e sre e 6
TIMING OF SAMPIING ..c.viiiece e re e teereesreenreenes 6

Field Season Preparation and EQUIPMENT SELUP ....ccvvviiviiiieiiie et 6

Training, Safety and Data Recording PrOCEAUIES ........c.ecveiverieiierie e see e se e ens 7

Office and Laboratory Pre-Departure ACHIVITIES ..........cocveiieiieiiie et 9
Instrument Checks and CaliDration .........oooeeeeeeee et e e e e, 9
FIeld EQUIPMENT. ..o ettt bbbt 10

Lake Water Quality Monitoring Site Activities / Methods. ..........ccceiviiieiii i 10
Daily FIElAd ACHIVITIES ....ccvveieieieieeie ettt et e e sraeae e nreenneenes 10
Monitoring Site Methods and Recording Field Information ............ccccccooviiieieciiccene, 11
Measurement of Field Parameters: Depth Profile and Secchi Transparency.................... 11
Water Sample Collection and Handling .........cccooviiieiiiiiic e 14
Post Field Collection, Site Departure, Water Sample Processing and Shipment.............. 16

Shoreline and Littoral Habitat ASSESSIMENT. .......civieirieiiiiee e sttt et e e s e s e e e e e e e s s sseb e reeeesssasereees 21
Physical Habitat Big 10 CharaCterization ............cccoceiveriveiesiee e 21
Individual Parcel CharaCteriZation. .......cccoeeeeeeeeeeee e e e e e e e e e e 23
=] o o U o] =T o O SR 23

Baseline Aquatic Plant IMONITOIING ......cveiiieiieiiee et sbe e e sreeanne s 31
Aquatic Plant Point-Intercept SUIVEY SUMMANY ........c.cocvivereeiesienieieseeseeeesee e eee s 31
FIEld EQUIPMENL. ..ot sttt e e b e e st e e te e neeees 33

Equipment Cleaning and STOTAQE .......ccveieeiieieiierie e se et ae e e ae e sraeneeenes 36

Data Management: Entry, Analysis, and REPOIING.........ccooviiiiiiiniesieeee e e 36
Data Entry, Verification, and Archival ProCedures. ...........ccouvueiieieiieresiie e eee e 36
=] 010 1] o PSR PRR 36

POSE-FIEIA SBASON ..ottt e et et et e e ee e e e e e e e e e e e e e e eeeeee e e e e eeeeeeeeeeeeeeenennneennnnnnnnns 37
ENd of Field SEASON PrOCEAUIES .......eeeeeeeeeeeeeeeeeeee ettt e ettt e e e e e e e et eaeeeeens 37

Quality Assurance/Quality CONLIOL..........c.ooiiiiiiiiie e 37

)] D= O 1 (=To F TSRO 40

E N o] 01T 0o | PP ST PURURSPRS

Standard OPerating PrOCEAUIES. .......ccuiiieiieiieieeiesie s siesee s e sae e sta e e e ae s e sseeeesneesteenseaneenseens

4





Background and Objectives

This protocol includes Sample Design; Field Season Preparation; Training and Safety Procedures; Data
Recording; Pre-Departure Activities, Monitoring Site Methods; Shoreline and Littoral Habitat
Assessment; Baseline Monitoring of Aquatic Plants; End of Season Procedures, Quality Assurance
Quality Control; and Data Entry, Analysis and Reporting measures that all staff and researchers follow
in implementing the lake program.

The protocol also contains Standard Operating Procedures (SOPs) that will be followed at the office,
laboratory and on-lake sites, including procedures for Field Season Preparation, Training and Safety,
Using the GPS, Decontamination and Cleaning of Equipment, Calibration of Multi-probe sampler,
Field Measurements and Water Sample Collection, Secchi Disk Sampling, Processing Water Samples
and Laboratory Requirements, Shoreline and Littoral Habitat Assessment, Baseline Monitoring of
Aquatic Plants, Data Entry and Management, Data Analysis, Reporting, Post-Season Procedures,
Quiality Assurance/Quality Control Standard.

Measurable Objectives

The overall goal is to develop a program for monitoring water quality, aquatic macrophyte
communities and shoreline habitat in inland lakes that will result in better understanding of the
relationship between the lake physical, biological, chemical and social processes and lake use and
watershed activities. Program objectives include development of Lake Management Plans on
individual lakes.

Quality Assurance and Quality Control

Quality control is the planned and systematic pattern of all actions necessary to provide confidence
that a project outcome fulfills expectations. Quality assurance is the systematic monitoring and
evaluation of various aspects of a project to ensure that standards are being met. Together, quality
assurance/quality control (QA/QC) is a significant part of any monitoring program. The objective is to
ensure that the data generated are meaningful, representative, precise, accurate, comparable, and
defendable.

This protocol includes standard QA/QC measures that will be followed for all procedures including
field preparation, training and safety, GPS use, cleaning equipment and decontamination, equipment
calibration and maintenance logs , field sampling measurements, water sample collection and
processing, secchi sampling, shoreline habitat assessment, aquatic plant monitoring, data entry and
management, data analysis, reporting, and post-season procedures. Each Standard Operating Procedure
includes specific QA/QC measures for each procedure. See standard operating procedure (SOP) #12
for QA/QC details.

Logistics

The Sigurd Olson Environmental Institute Lake Program Coordinator is responsible for supervising
the Lake Research Scientists/Technicians sampling activities and overall progress throughout the field
season and assisting them with field work and questions concerning logistics, equipment, and supplies.
The coordinator will also review entered data and submitted water samples to ensure accuracy.





SAMPLE DESIGN

Frequency of Sampling

The Sigurd Olson Environmental Institute collects water quality data several times during the ice-free
season, which usually extends from approximately May through. Frequently collected data aid in
understanding important issues, such as the onset of blooms of noxious algae and temporal patterns in
temperature and dissolved oxygen.

Location of Sites

A single sampling site, typically located in the deepest part of the lake, will be the routine location for
measuring all water quality variables. Water quality at the deep hole is generally representative of
water quality in the lake as a whole. Large lakes of those with several basins have data collected at
more than one sample site which accounts for physical, chemical, or biological variations among basins
and provides better understanding for managing the system.

Depths of Sampling

The depth of sampling for laboratory analyses of water chemistry varies among sample sites. The
SOEI samples with a 0 - 2 m integrated sampler tube. We will collect a near-bottom sample (~1 m
from bottom) via Kemmerer sampler during the summer, when lakes are stratified, for analysis of TP.

Timing of Sampling
We will attempt to visit a given lake at approximately the same time of day each time we sample to
minimize variation due to diurnal fluctuations.

Field Season Preparation and Equipment Setup
(Summary of SOP #1: Pre-Season Preparations)

The program coordinator will conduct the following activities in the months prior to field season
(checklists are located in the appropriate SOP). If needed, replacement equipment or supplies should
be ordered in advance.

Checklist of activities to be conducted prior to the start of sampling season:
e Review sampling methods
Schedule site visits
Review checklists of all equipment and supplies
Charge/replace batteries
Calibrate and test equipment, repair/replace probes and meter as needed
Check expiration dates of reagents and calibration standards
Prepare list of items to be ordered; order supplies
Update site binders
Hire and train students
Prepare/copy field data forms, chain of custody, calibration sheets, sample bottle labels
Review sample collection, processing and documentation information





Training, Safety, Data Recording

The role of program coordinator is to train student interns hired for the Lake Program to:

1) Properly use, calibrate and maintain field and water quality sampling equipment.
2) Facilitate daily field preparation activities and inventory of supplies.

3) Collect and record data and samples through controlled and standardized procedures.
4) Regularly inspect vehicles, boats and trailers for secure hitches and straps, to ensure
proper working order, and to check that no aquatic plants or animals are attached.

5) Safely and thoroughly execute duties and project activities.

The responsibility of the program coordinator and student researchers is to conduct all field work
related to the lake program. Responsibilities and training for all field staff include:

Completion of all pre-field season preparation

Completion of Northland College Van and Trailer and Wisconsin Boat Safety Certifications
Calibration of equipment according to protocols and manufacturers’ directions

Field sampling, collection handling and data recording performed according to SOPs
Assurance that all QA/QC procedures are implemented

Communication of progress/accomplishments with the Lake Coordinator

Download, entry, and verification of data into databases

Documentation and maintenance of data collection details, accurate field data and office notes
Scanning hard copies of data forms and storing electronically on a regular basis

Represent Northland College in a professional manner while maintaining positive
communication among the College, resource professionals, and the public

Student researchers need a background/coursework in biology, chemistry, or other related physical or
biological science. Prior field experience, boat and motor operation, and laboratory experience is
preferred. All students must be physically fit and able to swim, move heavy equipment, work long
hours in inclement weather, and must wear a personal flotation device (PFD) on the lake.

Training Procedures

Prior to field sampling and data collection, students must become familiar with the use, calibration,
and maintenance of all meters, probes and equipment planned for use in the monitoring project. A
combination of classroom and field training will occur at the start of each field season. SOEI research
assistants, who have demonstrated proficiency in basic technical skills, will participate in the review
of all methods and techniques and will assist in training on new research technicians.

Specific details of the training procedures are covered in SOP #2 and include:
e Basic limnology concepts and field sampling equipment
e Review of all SOPs for the project
e Calibration, acceptable criteria, operation, and maintenance of all meters, probes, and
GPS equipment
Troubleshooting tips for equipment
Completion of calibration and lab sheets, sample labels, field data forms, and Chain of Custody
Methods for sample collection, handling and preservation
Methods for equipment decontamination and cleaning





Safety Procedures
All students are trained on the following topics to ensure safety of all field staff:
e Van and Trailer Certification through Northland College
e Wisconsin Boating Safety Certification
e Proper field clothing and gear (including PFD use) for weather conditions
Handling of chemicals and other hazardous material
Proper safety practices and clothing for all lab and field procedures
Equipment and boat training, safety check, and maintenance
First aid kits in daily field equipment and vehicles
Allergies to bee stings, other insects, or plants must have personal precautions
Field visits require at least two staff at all times

Field Data Sheets Recording
e Record data only on the appropriate SOEI field sheet: Lake Water Quality Monitoring Field
Data Sheet, Lake Habitat Assessment or Aquatic Plant Survey
e Print neat and legible (as big as possible) with a PEN. Clearly distinguish letters/numbers.
e If you make an error when recording data, cross out the error with a single line, rewrite the
correct information, and initial the correction.
e Accurately and completely record all information on all data sheets.

Record information on first and last lines, and then connect using a wavy vertical line.
e Record comments legibly in the “Comments” field only and do not doodle on the forms.

Water Sample Collection Labels and Data Sheet Recording
Prior to field visit:

e Label water sample bottles prior to lab departure with a permanent marker that leaves fine,
clear text to fill out ALL information on sample bottles.

In the field:
e Record the time of sample on each sample bottle with permanent marker.

Quality Assurance and Quality Control
QA/QC is integrated into routine and standard methods, ensuring that project deliverables/expectations
are surpassed, and that data are precise, representative, meaningful, and repeatable. These include:
e Standardized training and Standard Operating Procedures for all methods
e Maintenance, review and updates of lake program field sampling methods
e Lake Monitoring Field Binder: GPS coordinates for site verification, lake maps with
sites, data sheets (WQ, habitat, or aquatic plant survey), copies of previous data for
comparison
e Equipment Calibration Log and Accepted Criteria for multi-probe YSI (sonde)
e Replicate water samples/field measures, re-assessment for shoreline habitat/aquatic plants
e Field data forms and database electronically maintained
Further QA/QC measures on calibration frequency and data management are at the end of this
protocol. Method specific QA/QC are listed in each SOP or Standard Operating Procedures #12.





Pre-Departure Activities

The following section describes activities that take place at the SOEI office and Applied
Research and Environmental Laboratory (ARE Lab) at Northland both before departure to
the lake site(s) and upon return from the field. Close attention to details ensures that student
researchers have verified sampling locations, properly calibrated equipment, and that their
collected water samples are labeled, handled and checked in to the lab according to protocol.

Pre-departure checklist:

Refuel vehicle(s) and conduct maintenance activities the night before

Discuss daily itinerary, verify lake and maps

Calibrate instrument and complete log according to SOP #5: Calibration of Multi-probe YSI
Label water sample bottles and draft Chain-of-Custody form

Lake WQ Monitoring, Habitat Assessment or Aquatic Plant Survey Field Binder including data
sheets and lake maps

Water Quality Monitoring checklist and field equipment

Pack YSI, (duplicate sampler if necessary) and sampling gear safely for transport

Load equipment/gear into vehicle (use of checklists is highly recommended)

Inspect trailer lights, turn signals, and brake lights before every departure.

Make sure trailer hitch, electrical connections, and boat straps are secure before departure.

Instrument Checks and Calibration
Field equipment will be charged, checked and/or calibrated daily prior to field visits. Backup
instruments will be maintained including multi-probe YSI, depth finder and GPS units.

Multi-probe Sonde and Depth Finders

Multi-probe YSI calibrated daily prior to field visits following YSI manufacturer instructions.
Routine quality control calibration checks and a maintenance schedule will be implemented and
logged as described in the SOP #5: Calibration of Multi-probe sampler.

New batteries installed in all field equipment including depth finders and multi-probe sampler
at beginning of the field season and checked routinely during season.

GPS Units

GPS units will be charged daily prior to departure and checked for proper lake maps including
point intercept, navigation or parcel maps.

Map datum checked for NAD83.

Extra battery stored in field gear and a backup instruments will be maintained.

Perform manufacturer checks as necessary.

Water Sample Collection Preparation

Water sample bottles will be labeled with computer printed Avery labels and packaged into coolers
prior to departure. Sample labels include: Lake id code, parameter, date, collector and time
(collector and time left blank to be filled in at actual time of collection). Chain-of Custody form
may be drafted prior to lab departure or completed upon post-sampling return to lab.





Lake Field Binder

Field binder includes GPS coordinates for site verification, lake maps with sample sites located,
and either the SOEI Lake WQ Monitoring data and lab sheets and copies of previous data for
comparison, or Lake Habitat Assessment data sheets, or Aquatic Plant Monitoring field sheets.

Water Quality Monitoring Equipment and Supplies Checklist:

Water sample bottles, acid ampoules, safety goggles and gloves

Multi-probe YSI (and duplicate sampler if necessary)

Kemmerer

Carboy

2 meter Integrated sampler tube

Lake WQ Sampling (Habitat Assessment or Aquatic Plant Survey) data folder with sheets
GPS unit

Secchi disk

Pens

Permanent marker (for label bottles)

Personal gear including: water, food, sunblock, sunglasses, proper/protective clothing, etc.

Lake Water Quality Monitoring Site Activities / Methods

This section summarizes field measurements and sampling techniques. Specific details are described
in the Standard Operating Procedures (SOPs) #6: Field Measurements and Water Sample Collection,
SOP #7: Secchi Disk Sampling, and SOP #11: Post-Season Procedures. The section ends with an
overview of quality assurance and quality control (QA/QC) procedures, which pertain to all aspects of
sampling. The details of QA/QC are presented in SOP #12.

Daily Field Activities, Field Measurements and Collecting Samples
The following is a sequence of activities during a water quality monitoring field day:

1) Complete pre-departure activities checklist.

2) Review the checklist of field gear.

3) Drive to boat landing. Load boat with sampling gear, launch boat, and navigate to
monitoring site. Set up on the boat for sampling.

4)  Verify correct monitoring site location with depth or GPS coordinates.

5) Fill out a SOEI Northland College WQ Monitoring Field Data Sheet (below) for each
monitoring site, printed on waterproof paper.

6) Implement field methods and water samples per SOP #6: Field Measurements and Water
Sample Collection. Collect water samples from the greatest depth last (usually the
bottom).

7)  Be sure that all samples are correctly labeled and preserved on ice.

8)  Verify that the field form is completely filled out, and initial the form.

9) If sampling from more than one monitoring station in a day, go back to step 4.

10) Upon return to shore, inspect boat, trailer, and all equipment that has come into contact

with the water for invasive species. Follow decontamination procedures per SOP #4.

11) Return to office or lab.

12) Clean sampling equipment per SOP # 4: Decontamination & Cleaning of Equipment. Rinse
sensors with deionized water.
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13) Processing samples per SOP # 8: Processing Water Samples and Analytical Laboratory
Requirements. Refrigerate or freeze samples, as required.

14) Enter data into SWIMS as soon as possible after collecting field data and receiving results
of laboratory analyses.

Monitoring Site Methods and Recording Field Information

Upon arrival at the monitoring site(s) (see drawing on page 18), observations and data measurements
will be recorded, and water samples will be collected. Record the following on the Lakes WQ
Monitoring Field Sheet:

Lake and Site Location (such as “Deep Hole,” “South Basin DH”, etc.).
Landing Time: Launch and Departure
Depth at Location (accurately measure the depth using the hand-held depth finder)
Date and Sampling Site Time: Arrived/Departed
Field Staff
Secchi readings
Instrument and Calibration (Cal) Date
Barometric Pressure (mmHg) and Air Temp (C)
e Water Sample Type: (I-tube, Grad sample, Kemmerer)
e Kemmerer Depths (m)
e Water Sample Times
In addition, you will record general observations which may be useful in interpreting water quality
information. These include:

Water Condition (cond.): clear or murky (high amount of suspended matter) and water color
Odor detected (Y/N) such as sulfur, mustiness, sewage, chemical, or other.
Profile measurements at 1 meter intervals for temperature, DO, pH and conductivity.
Current weather including percent Sky cover and Wind condition.
e Recent rainfall and wind events (within past 48 hours) that may have impacted water
quality including: cold front, lack of precipitation, or heavy precipitation.
¢ Biological activity including wildlife observations (such as fish, birds, or spawning) and
excessive aquatic plant or algal growth. The observation of water color and excessive
algal growth is important in explaining high chlorophyll-a values.
e Lake activities such as inlet/outlet stream activity, shoreline mowing, new construction, high
densities of fast moving boats or personal water craft close to shore, irrigation, etc.

Measurement of Field Parameters: Depth Profile and Secchi Transparency
Field measurements must be collected from an undisturbed area. The multi-probe YSI must be
calibrated daily and allowed to stabilize at the field site prior to data recording. QC measures include
replicate field measurements and water samples once a month for each sample site conducted through
side-by-side simultaneous comparisons. Acceptable comparisons to originals are listed below:

Replicate Parameter Acceptable Criteria
Temperature +1°C
Dissolved Oxygen +10%
Specific Conductance +10%
pH +10%
Secchi +10%
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Summary of Depth Profile Method

Specific details are described in the SOP #6: Field Measurements and Water Sample Collection.
Record site information, general observations, weather, and wind conditions. Use a multi-parameter
YSI to measure temperature, DO, pH and conductivity at 1 meter (m) intervals at the deepest hole in
the lake and any additional monitoring sites. Turn the equipment on and enter the proper lake, site
location and date. Attach the sonde cable to a measured rope in 0.5 m increments. Lower the sonde
into the water just below the surface. Wait for the DO value to stabilize. Since DO takes the longest to
stabilize this assures all parameters have equilibrated. Record the measurements for temperature, DO,
pH and conductivity from just below the surface, at 1m intervals, down to 0.5 m above the bottom.
Upon completion, take a final DO measurement at the surface and compare it to the initial reading to
see if the probe is holding calibration. Record this on the data sheet. If the lake is thermally stratified
(accepted change of >1° C per meter depth) note the top and bottom depths of the metalimnion based
on the temperature. The probes are delicate; take care to avoid putting the probe into contact with the
bottom. For quality control, compare sonde measurements against an independent sampler, or repeat
sample, once a month per site.

Equipment and Supplies
e SOEI - Northland college Lake Water Quality Monitoring Field Data Sheet (see next page)
e Depth Finder (hand-held or boat mounted sonar)
e Measured rope (30 m, marked in 0.5 m intervals)
e Multi-parameter sampler or sonde including temperature, pH, DO, and Conductivity probes

Secchi Disk Transparency Method
A Secchi disk is a black and white patterned disk used to measure a lake’s clarity.

Metal or Plasse Disk

N N
N
Use a 20 cm black and white Secchi disk. Do not wear sunglasses during the measurement. Lower
the disk vertically into the water on the shaded side of the boat until it disappears, then raise it up until
it reappears. The mid-point between the two, measured to the nearest 0.1m, is the 1* reading. Repeat
and record as the 2" reading. Then average the two readings and this is the day’s depth of clarity.
At a minimum, replicate Secchi readings once a month at each monitoring site. For the first round of
sampling, all field crew members should practice the secchi measurement at each site The crew should
not reveal their value until all are finished and then all values should be recorded and compared.

Values should agree within + 10% for measurements <5 m and £ 0.5 m for greater depth values.

Eyo Bot

Equipment

e SOEI Lake WQ Monitoring Field Data Sheet
e Secchi disk with attached rope 18m rope marked to 10 min 0.1 and 1.0 m increments
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SOEI Northland College Water Quality for Lakes Monitoring Data Sheet Initials

Lake Site
Depth at Site
GPS

Field staff

Sampler __ CalDate
Barometic Pres.__ mmHg
Air Temp (*C)
Lake Water Level:

High Average Low

Landing Arrival Time: Landing Departure:

Day & Date Site Amival Time: Departure:
Secchifm)ist  2nd  Average

Secchi reading condition: excellent 1 moderate 2 poor 3

Water Clanty: Clear / Murky Color: (Brown,blue green) Odor: ¥ IN
Water Sample type: l{ube  Grab Kemmerer

Kemmerer Depths (m): Metalimnion Bottom:

Water Sample Time: Surface Metalimnion Bottom
Phytoplankton Sample Depth (0.5 m off bottem ): Sample Time:

D.0. Surface Reading @ Profile Completion Matches initial reading Y/ N

Lake Strata: S=Surface B=Bottom M=Metalimnion Q=0AQC

Strats Depth (m)

Temp (*C} | DO (%sat) [ DO (malL)| SPC (uS/cm) pH SKY WIND

Current weather:

Past 48 hours rainfall & wind;

Weather Observations- List code in columns above. Shore/Land Use:
Sky Cover Code Wind Condition Code  [Wildlife / Notes:
Clear: <10% 0 Smoke rises vertical

Scattered: 10% to 50%
Broken: 51% to 90%
Overcast = 90%

Light Mist / Fog

Heavy Fog / Precipitation

Leaves rustle

Wind felt on face

Flag extended, leaves move
Small branches move

Small trees heqgin to sway

Lo B N
[ I T R
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Water Sample Collection

Collect surface water sample(s) with an integrated sampling tube for 0-2 m samples and a Kemmerer
for metalimnion and near-bottom samples. On the field data sheet, record information related to the
sample collection.

Always keep the following in mind:

e Sample containers should be labeled in advance with computer printed Avery labels or
permanent marker. On the first line: lake name, basin (if applicable), lake horizon
(surface, middle or bottom), month and on the second line with: collector name, time of
collection, and parameter.

e To ensure the integrity of the sample, be aware of possible sources of contamination.

e Use appropriate procedures and quality-assurance measures that ensure sample
representativeness and integrity and that meet study criteria.

Summary of Method

Rinse all surface water bottles and caps three times by removing cap, filling bottle with
approximately 50mL of surface water, capping it and shaking the bottle. Pour water off
down wind. Rinse the 10L Nalgene carboy accordingly. Collect surface water samples using
an integrated sampler. The device is a PVC tube 6.6 feet (2 meters) long with an inside
diameter of 1.24 inches fitted with a PVVC cap on one end. This allows water collection from
the upper two meters of the water column (within euphotic zone).

Remove the cap and rinse the sampler by submerging it vertically in the lake three times.
With the cap off, slowly lower the sampler into the water as vertically as possible until the
upper end is just below the surface. Cap and slowly raise the sampler. Dispense the contents
of the sampler into the rinsed 10L carboy. Use the spigot on the carboy to fill the surface
water sample bottles. Pour into one 1 L sample bottle for chlorophyll-a filtering, one 500
mL bottle for the Total Nitrogen, one 250 mL sample bottle for Total phosphorus. Place
samples on ice in cooler.

Use Kemmerer to collect middle and bottom lake samples. Pull the top and bottom of
Kemmerer in opposite directions until it snaps in the open position. Make sure that the valve
is closed on the bottom. Lower the Kemmerer into the metalimnion layer and then 0.5m
from the bottom for bottom sample. Send the messenger weight down the rope line to close
the kemmerer. Rinse sample bottles with middle and bottom water 3 times. Fill bottles close
to the top. With gloves and safety goggles on, add acid ampoule to phosphorus sample and
shake. Store samples in cooler on ice.

Equipment and Supplies
e SOEI Lake WQ Monitoring Field Data Sheet
e Depth Finder (hand-held or boat mounted sonar)
e Measured rope (30 m, marked in 0.5 m intervals)
e 2-meter Integrated Sampler Tube
e HDPE bottle (60 mL, white, wide-mouth)
e HDPE bottle (250 mL, brown, wide-mouth) — nutrients
e HDPE bottle (1 L, white, narrow-mouth) — phytoplankton
e Poly bottle (2 L, brown, labeled INDEX) — chlorophyll A
e Wetice & Cooler
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Water Sample Preservation, Handling, Transport to Lab

General Steps for Sample Preservation and Transport back to the Lab:
1. Ensure that all samples are labeled and all labels are completely filled in.
2. Record all sample collection dates on sample bottles and field data sheets.
3. Seal all caps tightly. Place in cooler and surround and cover the samples with wet ice.
4. For the nutrients sample, when you return to the lab, add acid from an ampoule to the water
to stabilize the sample. Dispose of ampoule properly.

All data should be recorded clearly on SOEI Lake WQ Field Data Sheet. If an incorrect entry is
made, a single line should be drawn through the incorrect entry and the correction made. All
corrections should be initialed and dated.

Zooplankton Collection
The objective is to sample a sufficient volume of water to obtain at least 300 organisms per sample
from all but the most oligotrophic lakes.

Summary of Method

A single tow is taken of the sample site water column using a mesh (63 um) Wisconsin net with
sample bucket attached at the end and a single tow is taken of the sample site water column using a
mesh (20 um) Wisconsin net with sample bucket attached at the end. Carefully inspect the net and
bucket for holes or tears. Carefully lower the net over the side of the boat in a constant upright
position to within 0.5 m of the bottom. Raise the net vertically back to the surface at a slow, steady
rate. At the surface, dip the net up and down in the water without submerging to rinse the contents into
the bucket. Spray lake water against the outside of the net with a squirt bottle to release organisms
inside the net into the bucket. If additional rinsing is needed inside the net, use de-ionized water.
Transfer the sample from the bucket to a 125 mL sample container. Narcotize the organisms with
carbon dioxide and preserve each sample with 95% ethanol. If the sample site is less than 2 meters
deep and the Secchi disk can be seen at the bottom, a second tow is made and the samples are
combined.

Equipment and Supplies
e SOEI Lake WQ Monitoring Field Data Sheet
e Depth Finder (hand-held or boat mounted sonar)
e Measured rope (30 m, marked in 0.5 m intervals)
e Plankton Net (63 um) and collection bucket
e Plankton Net (20 um) and collection bucket
e Squirt Bottle (1 L Nalgene) — de-ionized water and Squirt Bottle (1 L Nalgene) — lake water
e Pail (narcotization chamber) and CO, (Alka seltzer) tablets
e HDPE bottle (125 mL, white, wide-mouth)
e Ethanol (95%)
e Funnel, Wet ice & Cooler

QA/QC (Should I call this section: Re-Sampling (do we even need to re-sample?))

At resample site lakes, collect additional zooplankton samples following the method described above
and detailed in SOP # (different net design, mesh sized, and cumulative tow length). Results from
this set of samples will be compared to previous zooplankton. Do we need this?
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Summary of Zooplankton Sample Preservation, Handling, Transport to Lab

Set collection bucket in a pail half full of lake water. Add two CO, (alka-seltzer) tablets to
narcotize the zooplankton prior to preservation. When movement has stopped, squirt a small
amount of DI water to rinse the majority of zooplankton into a 125 mL polyethylene bottle.
Fill the bottle to the shoulder (use funnel) with 95% ethanol to preserve the sample. In some
cases, the zooplankton collected may exceed 125 mL. Do not try to force the entire sample
into a single bottle. Fill the first bottle half full, then use another bottle to preserve remaining.
Complete the label, and print in the sample number assigned to the first container on the
second label. On data sheet, record 2 jars in “No Jars” field.

General Steps for Sample Preservation and Transport back to the Lab:
1. Ensure that all samples bottles and field data sheet have sample collection ID and dates
recorded.
2. Check on the Lake WQ Monitoring Data Sheet that sample(s) is preserved.
3. Seal all caps tightly and place in the cooler and surround and cover the samples with wet
ice.
All data should be recorded clearly on SOEI Lake WQ Field Data Sheet. If an incorrect entry is
made, a single line should be drawn through error, correction made and initialed and dated.

Post Field Collection, Site Departure, Arrival at SOEI

The following is a sequence of activities for site departure:

1. Ensure that all data fields lake have been filled in and are accurate and legible. After reviewing

each form, initial the upper right corner of the form.
2. Ensure that all sample labels are filled in with the collection time and collector initials.
3. Return to boat landing and load the boat on to the trailer.
4. Inspect the boat, motor, trailer, and all equipment for any aquatic plants and animals as
thoroughly as possible and remove as necessary before leaving the launch site.

5. If traveling to a different lake, NOT connected to original lake, g site on the same day, disinfect
and decontaminate the boat, motor, trailer, ropes and equipment per SOP #4. Decontamination

to Remove Exotics Species
6. Load all field gear and samples into vehicle and drive back to the SOEI and ARELab.

7. Upon arrival at SOEI, decontaminate the boat, trailer, anchor lines and ropes with a 5% bleach

solution per SOP #4: Decontamination to Remove Exotic Species.
8. Clean equipment in the lab per SOP #4: Decontamination & Cleaning of Equipment.
9. Transport water samples to lab for processing.
10. Enter data from field sheets into SWIMS.

ARE Lab Water Sample Processing

Water samples will be processed at Northland’s state-certified Applied Research and Environmental
Laboratory (ARE Lab). This will require filtering and preserving samples according to lab
requirements. Standard operating procedure (SOP) #8: Processing Water Samples and Analytical
Laboratory Requirements provides detailed instructions on the handling and processing of water
samples prior to analysis. These procedures ensure that maximum holding times are not exceeded.

Summary of Analytical Methods

The table below summarizes samples to be analyzed by the ARE Lab including the analytic, volumes,
preservation techniques, and holding times for water samples addressed in this protocol.
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Examples of analytic, volume requirement, preservation method, and holding times.

Analytic Volume (mL) Preservation Hold Time
Chlorophyll a <1L Freeze filter 30 day
DOC 125 pH < 4 H,SO, 28 days
4°C
TP 120 mL MgCl 4°C 30 days
4°C /H,SOq4 48 h / 30 days
pH <2 HNO;3 6 months
TN 120 mL 4°C [H,S0Oq4 48 h / 30 days
4°C 7 days
Filter 100 days

The frequency at which water samples will be collected and the collection depths of those samples depths

at which samBIes will be collected. Surface samples will be a 0 - 2 m integrated sample. Bottom
samples will be collected during mid-summer, if a lake is stratified.
Water Quality Variables Monitoring
Frequency
Total phosphorus (TP) 2x/ month
Surface &
bottom
Total Nitrogen (TN) 2 x/mo, surface
Dissolved organic carbon (DOC) 1x/yr; surface
Total chlorophyll-a 3x/yr; surface

Sample Handling and Processing Procedures

The following general techniques will be implemented back at ARE lab.

o AP

~

Complete and sign the Chain-of-Custody Sheet for all water samples collected.

Add acid to each phosphorous sample for stabilization. Dispose of ampoule properly.
Place all samples in the refrigerator except Total Nitrogen goes in the freezer.

Follow lab instructions for any samples shipped to a contract laboratory.

Keep all water samples cool and dark until processing is complete and samples are
shipped to the analytical laboratory.

Use only new, clean sample bottles supplied by the analytical laboratory or purchased
pre-cleaned from a supplier.

Rinse filtration equipment with deionized water (DIW) three times between samples.
Avoid touching the inside of sample bottles and filtering apparatus, tips of forceps, and
filters to prevent contamination of the samples.

When filtering samples in the field, use an enclosed filtering apparatus to minimize
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contamination from airborne sources.
10. Wear disposable, powderless gloves when working with acids and other preservatives.
11. Filter samples in the order of anticipated phosphorus concentrations, from low to high.

After filtering a water sample that is expected to contain high nutrient concentrations,
rinse the apparatus three times with 0.1N HCI followed by three times with DIW water
before processing the next sample.

12. Prepare QA/QC samples in the same manner as regular samples, using water from the
same sample collection container.

13. Rinse all reusable equipment with DIW immediately, before equipment dries.

14. Ensure all sample bottles are labeled correctly, completely, and legibly.

15. Check laboratory equipment and supplies list (Table 3) and ensure equipment is clean
and ready for use and supplies are adequate.

16. Prepare a temperature check bottle for each anticipated cooler, if recommended by the
contract analytical laboratory. Use tap water to fill an extra bottle of the same size used for
one of the analytes and label as “Temperature Check”. Store this check bottle in
refrigerator with other samples; package and send to the analytical laboratory with the
other samples.

Table 3. Laboratory equipment and supplies list.

e Filtration towers and manifold (4.7 mm) plastic

Vacuum pump with pressure gauge and extra filtering flask as a water trap to
protect the pump in case of overflow

Graduated cylinders, plastic 250, 500 and 1000 mL

Whatman GF/C filters (4.7 cm diameter)

0.45 um Millipore membrane filters (4.7 cm diameter)

Filter forceps with broad tips

Aluminum foil

Labeling tape, permanent markers

Deionized water (ASTM grade 1 or 2; 1-10 megohm)

Acid for preservation (according to contract laboratory specifications)

Freezer

Plastic storage bags

Sample bottles (provided by analytical laboratory)

Insulated ice chest, ice, and ice packs

Saturated MgCO3 solution (for chlorophyll a), depending on laboratory method
Adjustable automatic pipettes: 1-5 mL ; 0.2-1 mL; 0.02 -0.1 mL

Parafin paper roll

Wash (squirt) bottles — 500 mL

Kim wipes

The following sections detail the procedures to be followed when processing water samples for
particular analysis.

Total Chlorophyll-a

1. Fitrinsed filtering device with a Whatman GF/C glass fiber filter using forceps, smooth
side down (curl is up).
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2. Agitate water sample (always shake well to minimize subsampling error for solids).

3. Set pump vacuum to < 0.5 atmospheres (7.5 PSI or 380 mm Hg). If using a hand pump,
maintain pressure at or below 10 PSI.

4. Use a glass or plastic graduated cylinder to measure 100 - 1000 mLs of water sample. Filter
sample. If water is very turbid, filter small aliquots (100 mLs) to avoid clogging the filter.
Sufficient volume has been filtered when a green, brown, or tan color is clearly visible on
the filter and the flow decreases to a few drops/second.

5. Add 0.15mls (~3 drops) of saturated MgCOz during the last 30 mLs of filtering to buffer
the filter, if required by the method used by the contract analytical laboratory.

6. Rinse graduated cylinder and filtering apparatus with DIW and pass through filter to
include any algae that may have adhered to the sides of the cylinder.

7. Record volume filtered on data sheet (excluding DIW rinse).

8. Use forceps to fold filter into quarters with sample on the inside; do not touch filter with
fingers.

9. Wrap filter in foil; label foil with sample location, date and time sample was collected,
and volume filtered. Place foil in small, sealable baggie with standard laboratory label.

10. Refrigerate immediately and freeze as soon as possible. Place small baggies with foils
together in a large, sealable freezer bag. A third watertight container may be used for
shipping to ensure that melt water in transport will not corrupt the samples.

Unfiltered (Raw) Samples

11. Rinse sample bottle provided by analytical laboratory 1x with sample water.

12. Fill sample bottle with sample water (fill to neck if sample will be frozen).

13. Refrigerate or freeze, as per laboratory instructions, until packaging for transport to
analytical laboratory.

Filtered Samples

14. Using clean forceps, place a 0.45um Millipore cellulose membrane filter in the filtration
apparatus. Rinse with 100 mL DIW into a cleaned (0.1N HCI and DIW rinsed as per
sample bottle cleaning) filtering flask (glass or plastic). Rinse flask with filtrate and discard
filtrate.

15. Filter a small amount (~50 ml) of sample water; rinse filtering flask with filtrate and
discard filtrate.
16. Filter enough of the sample to produce the required amount of filtrate to be tested.
17. Dispense the filtrate into separate bottles provided by the analytical laboratory as follows:
e Unpreserved constituents — rinse bottle with small amount of filtrate (~10 ml) and
discard; fill bottle to neck, refrigerate or freeze as per laboratory instructions.
e Preserved constituents - if pre-loaded with preservative by the analytical laboratory, fill
bottle and store at room temperature or refrigerate. If bottle does not come pre- loaded
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with preservative, rinse bottle with small of amount of filtrate (~10 ml) and discard, fill
bottle approximately % full, add the preservative (ampule provided by laboratory) and
continue to fill bottle until full. Gently roll bottle to mix. Store at room temperature or
refrigerate.

Zooplankton Sampling Handling and Processing

Data and Records Management

Complete and accurate record keeping of field-derived data is an essential component of monitoring
water quality. Field technicians, crew leaders, and project leaders share responsibility for collecting,
verifying, and documenting data according to the guidelines in this monitoring protocol and all
applicable standard operating procedures. Data and records management include the following
responsibilities:

1.

2.

Refer to the Data Management Plan for overall guidance.

Follow the QA/QC procedures in SOP #8 for specific instructions on data entry,
management, verification, and validation.

Record and verify observed or measured data values, including completing paper forms
and entering data into NPSTORET and/or other electronic databases. NPSTORET
maintains the necessary relationships between data values, equipment configuration and
calibration, procedures, methods, and metadata.

Schedule and perform regular data transfer and backup. Data will be protected from loss or
damage by daily backup when possible, or on a feasible schedule approved by the project
leader and the data manager.

Review, verify, and correct field data and sample processing information as soon as
possible after the actual survey (see SOP #8 for more details).

Prepare data and procedural documentation, especially deviations from the protocol or
study plan, including metadata forms in NPSTORET and additional documentation
requested by the project manager or data manager.

Ensure that field forms, field notebooks, and other hardcopy records are secure,
organized, and available for viewing, reproduction, or transfer upon request.

The completed field forms will be maintained in the Lake WQ Monitoring binder until the
data is entered into SWIMS and SOEI database, then data sheets are scanned and
electronically filed. Field data are reviewed regularly by personnel (see SOP #11: Data Entry
and Management, for details).

Quality Assurance/Quality Control
Quality assurance and quality control are ensured through:

Standardized training and Standard Operating Procedures for all methods
Maintenance, review and updates of lake program field sampling methods
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o Lake Monitoring Field Binder: GPS coordinates for site verification, lake maps with
sites, data sheets (WQ, habitat, or aquatic plant survey), copies of previous data for
comparison

o Equipment calibration schedule and Accepted Criteria

o Calibration logs for multi-parameter sonde probes

o Replicate water samples/field measures/zooplankton collection, re-assessment for
shoreline habitat/aquatic plants

o Field data forms and database electronically maintained

The most important aspects of quality control in the collection of water quality samples are: 1)
Samples collected should represent the lake site at the time the samples are collected, such that the
samples meet the objectives of the project; and 2) the integrity of the samples collected is not
compromised by contamination, misidentification, or improper sample handling or preservation.

To help meet these quality control aspects, transport and tracking of the samples from the field to the
analytical laboratory that performs the chemistry analyses is critical. Each set of samples should
include a Chain of Custody Form (COC). To prevent water damage to paperwork, all field sheets are
copied onto Rite-in-the Rain paper. Copies of the completed COC forms in the office binder. See
SOP #12, Quality Assurance/Quality Control, for details. Specific QA/QC measures are listed in the
SOP.

Before Leaving Field Sites:
* Review all field sheets for accuracy, completeness, and legibility.
» Verify that water sample labels have correct Sample ID numbers.
» Confirm that the sheets have been reviewed by recording your initials in the “initials” field on the
Northland College Lake Water Quality Monitoring Field Data Sheet or name(s) in the
“Observer” field(s) on the Lake Habitat Assessment and Aquatic Plant Survey field sheets.

Shoreline and Littoral Habitat Assessment

The Sigurd Olson Environmental Institute conducts shoreline and littoral vegetative habitat assessments to better
understand and characterize the near-shore habitat on northern Wisconsin lakes. Vegetation conditions and
characteristics are observed within a defined, visual transect on parcels. There are two types of habitat
assessments conducted on each lake, the “Big 10” and the “All Parcel.”

1. Big Ten - 10 Physical Habitat Stations (PHabs) are mapped evenly spaced around the lake, and
detailed conditions of the littoral, shoreline, draw-down, and riparian habitat cover and
structure are documented.

2. All Parcel — on each parcel, an Upland, Shoreline, and Littoral plot is observed and each area
is ranked as Ideal, Very Good, Marginal, or Poor through a field assessment.

1. Physical Habitat “Big 10" Characterization

The first site is selected at random, and remaining stations are EVENLY spaced from one another, do this by
GIS or digital mapping PRIOR to the sampling visit. Should re-assessment be random or back to the same sites?
If Phab station is inaccessible, eliminate that site depending on the size of the lake.

Summary of Method
The drawing below displays an example of the Big 10 habitat stations around the lake.
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Shorelir
At water

» Develop 10 evenly spaced PHabs on lake and assign a station letter of A-J.
* Load lake parcel maps on GPS with PHab Stations identified (A-J)
* Navigate by boat, to the 10 PHab sites and observe a 15 meter wide VISUAL transect that includes:
1) Shoreline assessment 1 meter at the shore just above the present water line
2) Littoral assessment extending 10m lake-ward from the shoreline
3) Drawdown assessment extending inland from the water’s edge to the Ordinary High
Water Mark (OHWM), or place on the bank or a structure where water left a distinct mark
4) Upland assessment extending from the OHWM inland 15 meters

15 meter wide transect:

15m landward from OHWM
Upland Zone

Extends up from water’s edge to normal OHWM

Drawdown . .
) < Shoreline — Extends from water’s edge 1m inland

Littoral Zone 10m out from the shoreline

* Where we observe
/
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Field Observations (% estimate) to record on data sheets:

e Shoreline: Bank Angle/Surface

o Littoral: Substrate & Macrophytes

e Littoral: Structures, Alteration, etc

e Upland & Drawdown (if present): Canopy, Understory & Groundcover (% cover)
The Big 10 data sheets also ask for lake depth at the site and whether there is drawdown or shoreline
flooding present. Drawdown refers to exposed lakebed where the water level has temporarily dropped.
Shoreline flooding refers to areas periodically inundated with water (seasonal). Neither may exist.

2. Physical Habitat “All Parcel” Characterization

Every parcel on the lake is observed from a 15 meter wide VISUAL transect in the center of the parcel (same as
for Big 10; see drawing above). The Upland, Shoreline, and Littoral plots are ranked by number based on the
categorical conditions listed on the All Parcel Assessment Field Habitat Description sheet. Conditions account
for presence/absence of canopy vegetation, shrub and groundcover coverage, human disturbance, and erosion.
Each transect plot is ranked into a category of Ideal, Very Good, Marginal, or Poor through the field assessment.

Summary of Method

» Navigate to each parcels on the lake using the parcel maps that were loaded on the GPS

* Observe a 15 meter wide VISUAL transect that includes:
1) Littoral assessment extending 10m lake-ward from the shoreline
2) Shoreline assessment 1 meter at the shore just above the present water line
3) Drawdown assessment extending inland from the water’s edge to the Ordinary High

Water Mark (OHWM), place on the bank where water has left a distinct mark

4) Upland assessment extending from the OHWM inland 15 meters

Field Observations (assign number value) to record on data sheet:
* Rank each Upland, Shoreline/Riparian, Aquatic/ Littoral plot by number
* Number based on the categorical conditions All Parcel Habitat Description
» Categorize each plot based on the number assigned to it:
» Ideal (10-12), Very Good (9-7), Marginal (6-4), Poor (3-1)

Basic Lake Information, Site Activities & Human Disturbance
This is completed at the end of the lake assessment. General information is recorded (Lake Type, Surface Odor,
Boat Density, Surface Conditions, etc). Additional observations are assigned a number based on percent:

e Site Activities & Human Disturbance (Residential, Recreational, Agricultural, Industrial)

» Shoreline Characteristics (Forested, Wetlands, Developed, Agricultural, etc)

e Aguatic Vegetation (% Floating, Emergent, and Submerged)

e Waterbody Character (Pristine, Disturbed, etc)

Field Data Collection:
» Fill out each data sheet completely
* Big 10 Physical Habitat Assessment (Shoreline, Littoral, Upland & Drawdown plots)
* Big 10 Invasive Plant & Animal Assessment Form
o All Parcel Habitat Assessment Form
» Basic Lake Information, Site Activities & Human Disturbance (completed at end of

assessment)
Equipment
* Boat & Personal Floatation Devices
e GPS

* Big 10 Shoreline & Littoral Habitat Assessment data sheet
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Big 10 Upland & Drawdown Habitat Assessment data sheet

Big 10 Invasive Plant & Animal Assessment data sheet

All Parcel Habitat Assessment data sheet

All Parcel Habitat Assessment Field Description sheet

Basic Lake Information, Site Activities & Human Disturbance data sheet
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SOEI - NORTHLAND COLLEGE BIG 10 LITTORAL & SHORELINE ASSESSMENT
Lake: Date: Observer(s) Name:

SHORELINE ASSESSMENT

STATION (parcel Depth at GPS _u”numn”an“um-”u *Drawdwn? Bank Angle Surface Film
ID# ite: ) YorN - i
) Site YorN Flat <5% QMM.“M_ mﬁm.wmﬂx.wo <vmwﬁm_M__ None Scum Algae
A
B
C
D
E
—n
G
H
|
J

*Note: Drawdown refers to exposed lakebed where the water level has dropped. Shoreline Flooded refers to areas periodically inundated with water (seasonal).

LITTORALASSESSMENT
Scale (apply to all assesments): 0= Absent 1=Sparse 2=Moderate(10-40%) 3=Heavy 4=Extensive (>75%)
Substrate Aquatic Macrophytes Littoral
STATION
*Woody/ ) Shore/
Sand/ . . *Overhanging
Bedrock Boulder Cobble Silt/ Clay Snag/ Emergent Submerged Floating Total . Lakebed
Gravel i Vegetation )
Organic Alteration
A
B
C
D
E
—n
G
H

*NOTE: "Woody" refers to fallen trees, logs, stumps, & branches in the water. "Overhanging veg." refers to trees, shrubs, or low veg. providing shade & aq. habitat.

Page 1

Oily
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SOEI - NORTHLAND COLLEGE BIG 10 UPLAND & DRAWDOWN ASSESSMENT

Page 2
Lake: Date: Observer(s) Name:
Scale (applicable for all assesments) : 0= Absent 1=Sparse 2=Moderate(10-40%) 3=Heavy 4=Extensive (>75%)
UPLAND
STATION Canopy Upland Understory Upland Groundcover Upland
Big Trees Small Decid. Conifer Woody,  TallHerbs, pecid. Conifer Woody Native  pecid. Conifer Lawn Mixed
Trunk >.3m <3m dBH Mixed Shrubs, &  Grasses, Mixed Shrubs Grasses,
dBH Saplings Forbes Forbes
A
B
C
D
E
—n
G
H
I
J
*DRAWDOWN <
STATION Canopy Drawdown Understory Drawdown Groundcover Drawdown
Big Trees Small Decid. Conifer  Mixed Woody,  TallHerbs, pecid. Conifer Mixed Woody Native  pecid. Conifer Lawn Mixed
Trunk >.3m <3m dBH Shrubs, &  Grasses, Shrubs Grasses,
dBH Saplings Forbes Forbes
A
B
C
D
E
—n
G
H
|
J

*Note: Drawdown refers to exposed lakebed where the water level has dropped. Strike through the Station row if drawdown is not present.






SOEI - NORTHLAND COLLEGE BIG 10 INVASIVE PLANT/ANIMAL ASSESS Page 3
Lake: Date: Observer(s) Name:

STATIONS A B C D E
SPECIES Present Present Present Present Present

None Observed

*Terrestrial

Canada thistle (Cirsium arvense)

Cattail hybrid (Typha x glauca)

Purple loosestrife (Lythrum salicaria)

Garlic mustard (Alliaria petiolata)

Giant hogweed (Acleum mantegazzianum)

Giant knotweed (Polygonum sachalinense)

Narrow-leaf cattail (Typha angustifolia)

Japanese knotweed (Polygonum cuspidatum)

Oriental bittersweet (Celastrus orbiculatus)

Poison hemlock (Conium maculatum)

Tartarian honeysuckle (Lonicera tatarica)

Wild parsnip (Pastinaca sativa)

Reed canary grass (Phalaris arundinacea)

Glossy buckthorn (Frangula alnus)

Common reed (Phragmites australis)

**Aquatic

Curlyleaf pondweed (Potamogeton crispus)

Eurasian watermilfoil (Myriophyllum spicatum)

Flowering rush (Butomus umbellatus)

Hydrilla (Hydrilla verticillata)

Brittle waternymph (Najas minor)

Fanwort (Cabomba caroliniana)

Spiny water flea (Bythotrephes longimanus)

Didymo/rock snot (Didymosphenia geminata)

Chinese mystery snail (Cipangopaludina sp)

Banded mystery snail (Viviparus georgianus)

Zebra mussel (Dreissena polymorpha)

Comments:

* Note: Developed from WI DNR Terrestrial Invasive 64 Species Regulated by NR 40. Includes only terrestrial species documented in Ashland,
Bayfield, Douglas, Iron , or Vilas Counties w/ ecological habitat threat to lake shores, wet meadows, ponds, stream, and freshwater marshes.

**Note: List compiled from NLA 2012 invasive plants list and WI DNR: 16 Aquatic Invasive Species Regulated by NR 40. Includes only species

Data entered by:

documented in Lake Superior, or Ashland, Bayfield, Douglas, Iron, or Vilas Counties w/ ecological habitat threat to aquatic resources.

27






BIG 10 INVASIVE PLANT/ANIMAL ASSESS Page 4

STATIONS F G H |

J

SPECIES Present Present Present Present

Present

None Observed

*Terrestrial

Canada thistle (Cirsium arvense)

Cattail hybrid (Typha x glauca)

Purple loosestrife (Lythrum salicaria)

Garlic mustard (Alliaria petiolata)

Giant hogweed (Acleum mantegazzianum)

Giant knotweed (Polygonum sachalinense)

Narrow-leaf cattail (Typha angustifolia)

Japanese knotweed (Polygonum cuspidatum)

Oriental bittersweet (Celastrus orbiculatus)

Poison hemlock (Conium maculatum)

Tartarian honeysuckle (Lonicera tatarica)

Wild parsnip (Pastinaca sativa)

Reed canary grass (Phalaris arundinacea)

Glossy buckthorn (Frangula alnus)

Common reed (Phragmites australis)

**Aquatic

Curlyleaf pondweed (Potamogeton crispus)

Eurasian watermilfoil (Myriophyllum spicatum)

Flowering rush (Butomus umbellatus)

Hydrilla (Hydrilla verticillata)

Brittle waternymph (Najas minor)

Fanwort (Cabomba caroliniana)

Spiny water flea (Bythotrephes longimanus)

Didymo/rock snot (Didymosphenia geminata)

Chinese mystery snail (Cipangopaludina sp)

Banded mystery snail (Viviparus georgianus)

Zebra mussel (Dreissena polymorpha)

Comments:

NA= No measurement/observation made. S= Suspect measurement; re-measurement not possible.

* Note: Developed from WI DNR Terrestrial Invasive 64 Species Regulated by NR 40.
Includes only terrestrial species documented in Ashland, Bayfield, Douglas, Iron, or Vilas
Counties w/ ecological habitat threat to lake shores, wet meadows, ponds, stream, and
freshwater marshes. **Note: List compiled from NLA 2012 invasive plants list and WI
DNR: 16 Aquatic Invasive Species Regulated by NR 40. Includes only species documented
in Lake Superior, or Ashland, Bayfield, Douglas, Iron, or Vilas Counties w/ ecological
habitat threat to aquatic resources.
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Habitat
Parameter
Upland (OHWM
inland 15m): tree
canopy, shrubs,
and groundcover
species

SCORE
Shoreline/
riparain buffer
(water's edge
inland 1m): tree,
shrub and
groundcovers
along the shore
where land &
water meet

Habitat parameters to be evaluated

SCORE

Aquatic/ littoral
(shore-10m):
abundance of
emergent,
submerged, and
floating vegetation

SCORE

SOEI - ALL PARCEL HABITAT ASSESSMENT FIELD DESCRIPTION

Ideal
90%+ upland area with dense native

canopy trees, shrubs & ground species;
or other natural features (such as rock

outcrop) prevents establishment of
vegetation. Less than 5% of lot is

*impervious surface, minimal shoreland

maintenance, no invasive species.

Upland runoff/ erosion is not present.

12 11 10

Littoral woody logs/snags 5+ per 30 m;

overhanging vegetation; shore
vegetated >90% w/ native

groundcovers, shrubs and trees; no bare
soil; little potential for future problems;
or natural feature prevents vegetation;

buffer extends 30'+ back from shore;
human disturbance/shore
alteration/access (tree removal,
brushing, mowing, armored
banks/riprap) <10m or not present.

12 11 10

Dense or abundant emergent,
submerged or floating vegetation or
rocky substrate unable to support
vegetation; abundant fish habitat;
minimal or no human disturbance
including recreational use.

12 11 10

Moderate to dense (70-90%)
ground vegetation and canopy
trees w/ shrub layer reduced; or
few canopy trees with moderate to
dense natural shrub layer, 5%-15%
*impervious surfaces, less than
30% shoreland manicured, few or
no invasives. Minimal or no
runoff/erosion.

Some littoral woody habitat; well-
suited for organisms; overhanging
vegetation; riparian buffer 10m
deep covered 70-90% w/ native
vegetation, but one class of plants
not well established; disruption
evident but not affecting potential;
minimal bare soil (5-20%); minimal
vegetation removed from 30'-75'
feet inland; shore
alteration/disturbance minimal 10-

Scattered or patchy emergent,
submerged or floating vegetation;
minimal human disturbance
including recreational use.

Condition Category

Marginal
Established lawn with moderate-
dense (30-70%) canopy trees; shrub
layer absent; 15%-20% *impervious
surface; 30%-50% or more of
shoreland manicured/ maintained,
invasive species present. Upland
runoff/ erosion present to
moderate.

6 5 4

Littoral woody habitat minimal to
absent; riparian buffer 5-10m deep
covered with 50-70% vegetation but
minimal or no shrub layer and tree
canopy or buffer depth only 5-10m;
disruption obvious; bare soil/closely
cut veg. common; no extended
buffer greater than 30" inland;
moderate bare soil (30-60% of
bank); moderate shore alteration
(tree removal, mowing, established
lawn, armored banks/ riprap).

6 5 4

Lack of emergent or floating veg.;
minimal submerged veg.; vegetation
limited by rec. use (swimming,
boating, etc); disturbed lakebed;
invasives present or likely.

6 5 4

Poor
Native tree canopy, shrubs and groundcover
vegetation 0-30%; established lawn with few
canopy trees, 20%-30% *impervious surface,
more than 50% of shoreland manicured, invasiy
species present. Upland erosion moderate to
substantial.

3 2 1

Littoral woody habitat absent; riparian buffer
with minimal or no shrub layer and tree canopy
(<50% vegetation) or less than 5 m deep; no
extended buffer 30' -75' feet inland; unstable
shore 60-100% of bank/ exposed soil; moderatg
human disturbance and /or shore alterg&on
(tree removal, mowing, established lawn,
armored banks/ riprap).

3 2 1

Minimal or no native aquatic vegetation presen
invasives present or likely; lakebed altered (boa
landing); several structures (dock/pier/PWC lift
prevent aquatic plant growth, heavily used
swimming area.

3 2 1

*Note: impervious surface is defined as any surface that does not allow water to infiltrate (sidewalks, building, shed, hard packed parking,etc)
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SOEI - ALL PARCEL HABITAT ASSESSMENT
Lake:

Data collected by:
Date:

Habitat Condition (Use scale for each plot)

Scale (for each plot) IDEAL (12, 11,10) VERY GOOD (9,8,7) MARGINAL(6,5,4) POOR(3,2,1)

STATIONS (parcel ID#) Upland / Terrestrial

(OHWM inland 15m)

Comments:

Shoreline / Riparian Buffer (water's
edge inland 1m)

Aquatic / Littoral

(waterward 10m from shore)
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Baseline Monitoring of Aquatic Plants in Wisconsin
Wisconsin Department of Natural Resources

Sampling Sites

This method employs a point-intercept
grid of sampling sites distributed
evenly over the entire lake surface
(Figure 1).

WDNR staff will determine the
number of sites and grid resolution
based on the estimated size of the
littoral and shape of the lake. Grids
will be scaled to produce a greater
number of sites on lakes that are larger
and have more complex shorelines. A
sampling map (Figure 1) and GPS text
file containing the latitude and
longitude information associated with

each sample site will be provided
electronically by the WDNR.

Timing of Sampling

7109 121 131 130 147 153 159 167 175 183 190 1g

6 110 122 132 140 148 154 160 168 176 184 191 1gh

161 169 177 185 192

162 170 178

Kathan Lake
Oneida County
WBIC 1598300
T39N RO9E S13

o 0.6 Kilometers

214 acres / 86.6 ha

203 Sampling Points

65m between Points

Site1: Lat. 45.87583239
Long. -89.32639971

Created: 2007

Figure 1: The point-intercept grid for Kathan Lake, Oneida
County, WI, with 203 sampling sites.

Surveys should be conducted between early July and mid-August. Plant community
parameters (such as rake fullness and density) can change through the growing season.
However, presence/absence data is less sensitive to seasonal variation. For many
species, including Eurasian water milfoil (EWM), plant biomass and density may
increase as the season progresses, whereas some species like curly-leaf pondweed
(CLP), senesce much earlier in the sampling season. Rake fullness data for these
species must be interpreted carefully with the sampling date in mind. If early-senescing
species such as CLP are targets of management actions, please contact the WDNR Lake
Coordinator in your region to coordinate the best possible sampling time.

Navigating to Sites
Accuracy

The location reported by the GPS receiver has an element of error that varies under
different conditions. Navigate at no greater than an 80-foot zoom level and aim to
completely cover the sampling site with the arrow. At 80-foot zoom, the locator arrow
shown on the screen represents approximately 25 feet in length. In order to sample with
acceptable accuracy, the arrow must completely cover the sampling site on screen.

Determining Maximum Depth of Plant Colonization

When sampling, you will have to determine the maximum depth at which the plants are
rooted. The maximum depth of colonization (MDC) can vary greatly among lakes. When
sampling a line of sites heading from shore out to deep water, take samples until plants
are no longer found on the rake. Continue sampling at least two sites deeper to ensure you
sampled well over the maximum depth of colonization. If no plants are found at these
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sites, simply record the depth, sampling tool used, and dominant sediment type. Leave the
rake fullness and species information blank. Use a depth finder and begin sampling again
when the depth reaches that of the last (no plant) site sampled. By sampling in this way,
over time you will begin to hone in on the maximum depth of plant colonization.

After working several rows crossing the edge of the littoral zone, estimate the maximum
depth of colonization (e.g. 20 feet) and only continue to sample deeper sites within 6 feet
of this estimation (all sites < 26 feet). As you complete more rows and gain confidence in
your estimation, you can then begin to gradually omit sampling depths that are too deep
for plants to grow. Once you have sampled the deep end of your estimated maximum
depth of colonization at least three times and have not found any plants, then you can
discontinue sampling at anything deeper, but continue to sample any sites shallower.

Recording Data & Completing the Field Sheet

1. Complete the top portion of the “Field Sheet” with the lake name, county, WBIC,
date, names of observers, and how many hours each person worked during the survey.

2. Each site number will have one row of data on the “Field Sheet”

3. Measure and record the depth to the nearest half-foot increment at each site sampled,
regardless of whether vegetation is present. The pole mounted rake and rope sampler
should be marked to measure the depth of water at a sample site. If you are using a
depth finder, it is useful to know that the accuracy may decrease greatly in densely
vegetated areas. Depth finders sometimes report the depth to the top of the vegetation.
It is best to use depth markings on a pole-mounted rake for shallow sites.

4. At each sample site, record the dominant sediment type based on how the rake feels
when in contact with the sediment surface as: mucky (M), sandy (S), or rocky (R).

5. Record whether the pole (P) rake or the rake-on-a-rope (R) was used to take the
sample.

6. At each site, record the overall rake fullness that best estimates the coverage of plants
on the rake (1-few, 2-moderate, 3-abundant; see Figure 3). Also identify the different
species present on the rake and record a separate rake fullness rating for each. Include
the rake fullness for filamentous algae, aquatic moss, freshwater sponge, and
liverwort, but do not include these ratings when determining the overall rake fullness
rating. At the site, perform a visual scan. If you observe any species within 6 feet of
the sample site, but not collected with the rake, record these species as observed
visually (“V’) on the field sheet. These species will be included in total number of
species observed.

7. The crew must write the species names in the columns the first time it is encountered.

Names must be re-written on successive field sheets as they are found. Common or

Latin names may be used as long as there is not ambiguity. Abbreviation can shorten

the process. Latin name and abbreviation is preferred such as: Nyp. odo.

Fill out the Boat Survey datasheet.

9. It may be impossible to reach some sample sites. If this happens, leave the depth
blank and record the appropriate comment on the field datasheet from the following
list and remember to record it in the “Comments” column of data ENTRY database:

©o

a. NONNAVIGABLE (PLANTS)
1. Sample site cannot be accessed due to thick plant growth. Aquatic plants that
are visible within 6 feet of a non-navigable sample site (e.g. water lilies,
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cattails, bulrushes, etc.) should be recorded as visuals (V) on the datasheet.
b. TERRESTRIAL

1. Sample site occurs on land (including islands).

2. Agquatic plants visible within 9 feet of a terrestrial sample site may be included
in the general boat survey list, but should not be marked as visuals on the
sheet.

c. SHALLOW

1. Sample site is in water that is too shallow to allow access. Aquatic plants that
are visible within 6 feet of a shallow sample site should be recorded as visuals
(V) on the datasheet.

d. ROCKS
1. Sample site is inaccessible due to the presence of rocks.
e. DOCK

1. Sample site is inaccessible due to the presence of a dock or pier.
f. SWIM AREA
1. Sample site is inaccessible due to the presence of a designated swimming area.
0. TEMPORARY OBSTACLE
h. NO INFORMATION
1. No information is available about the sample site because it was not traveled
to (inaccessible channel, accidently omitted during survey, skipped due to time
constraints, etc.)
i. OTHER
1. Site was not sampled for another reason; please provide a brief description.

Time Spent Sampling

Depending on the size of the lake, a survey may be completed in a few hours, or it may
take several days. Ideally, a crew spends one to three minutes per sample site.

PREPARING FOR FIELD WORK

Field Equipment:

Appropriate watercraft and equipment required by law
Double-sided sampling rake on a 15-ft (4.6m) pole
Weighted sampling rake attached to a 40-ft (12m) rope
Handheld GPS with WDNR sample sites loaded
Print-out of lake map with WDNR sample sites

Print-out of WDNR field datasheets on waterproof paper
Pens

Sealable storage bags for voucher specimens

Waterproof voucher sample labels

Cooler(s) with ice for storing voucher specimens

Depth finder

Bathymetric map

Plant ID references or guides to aid in plant identification
Hand lens to aid in plant identification

Digital camera for plant specimens or field pictures
Underwater video camera for viewing the maximum depth of plant colonization
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Constructing the Rake Samplers

The rake sampler is constructed of two landscape-rake heads welded together, bar-to-bar,
to form a double-sided rake head on a 15 foot pole. The rake head is 13.8 inches long, with
approximately 14 tines on each side. For sampling in water deeper than 15 feet, a double-
sided rake head is attached to a rope, and a 5 pound weight is attached to the rake head.

Loading Sample Site Locations onto the GPS Receiver

Detailed instructions on loading sample site locations onto the GPS receiver depend greatly on the
type of GPS receiver as well as the software used to translate site location from the text file to
“waypoints” in the receiver.

To upload waypoints from a GPS text file to the GPS receiver, you will need:

o PCllaptop with WDNR Garmin GPS Tool. Your IT administrator can help you obtain
and install the software.

o GPS text file (.txt extension). A tab-delimited text file containing the sample sites and
their geographical information.

o A Garmin 76 model GPS receiver with external data port.

Printing Datasheets

The data sheet can be found on the tab labeled “FIELD SHEET” in the Aquatic Plant Survey
Data Workbook, downloadable from the University of Wisconsin Extension website
(http://mwvww.uwsp.edu/cnr/uwexlakes/ecology/APM/Appendix-C.xls). Print the field sheet on
waterproof paper, using the “Print Area > Set Print Area” function under the “File” menu to set
the appropriate number of rows to print. Under Header (View > Header and Footer > Custom
Header) record lake name, Waterbody Identification Code (WBIC), county and survey date.
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Equipment Cleaning and Storage

Clean all boat and trailer and monitoring equipment per SOP #4: Decontamination and Cleaning of
Equipment. Monitoring equipment should be cleaned and dried, then packed for storage in the storage
case. Keep equipment and supplies properly organized and labeled so they can easily be inventoried
using the checklists.

Data Management: Entry, Analysis, and Reporting

(Summary of SOP # 12: Data Analysis and SOP # 13: Reporting)

Water quality monitoring profile data will be entered weekly into the WI DNR SWIMS website. All
field data including profile data sheets, habitat assessments and baseline aquatic plant surveys will be
entered electronically or the data sheets will be scanned and filed electronically in the Ecological
Solutions files as each project is completed. Project completion sheets will be completed and
initialed for record tracking.

Data Entry, Verification, and Archival Procedures

Detailed instructions for the data entry procedures for this protocol are given in SOP #11 Data Entry
and Management. As described in the Lake Water Quality Monitoring Site Activities methods, there
are three types of water quality data collected. The first is field observations and profile measurement
that are recorded on data sheets in the field, and then later entered into a digital form in SWIMS. The
second type of data are the results of testing performed by Northland College’s ARE Lab. And, the
third type of water quality data is digital data collected with multiprobe sondes. This data will also
be entered into a digital form in SWIMS.

Data verification starts with the QA/QC steps that are outlined in the SOPs associated with this
protocol. If data being entered into SWIMS do not pass a QA/QC test, SWIMS prompts the user to
make corrections and re-enter the data.

Quiality assurance/quality control checks are performed as data are entered. Research Technicians will
be trained to enter/edit data in SWIMS in order to protect the integrity of the data.

Data archiving provides a source to retrieve a copy of any dataset, and it provides a data record that
is an essential part of the QA/QC process. The original data sheets are scanned and stored digitally in
the Ecological Solutions Data Lake Program folder.

Routine Data Summaries

Data summaries of water quality profile and chemistry lab results; aquatic plant species richness and
density characterizations for both submerged and floating leaf vegetation; and shoreline and littoral
habitat characterizations for each lake in which sampling occurred will be performed following each
sampling year after all QA/QC procedures have been completed. For chemistry variables, analysis will
occur to assess proportion of nutrients present in the epilimnion, metalimnion, and hypolimnion of each
lake. In addition, analytical approaches for all monitoring procedures will include graphic comparisons
for the current year to previous years, qualitative analysis, and lake modeling. After at least three
sampling seasons of monitoring data are collected at a given lake, more intensive analyses of change
and long-term trends may be performed for each lake.

Reporting
The results and knowledge acquired through the Lake Program’s water quality sampling, monitoring of
aquatic plants, and shoreline and littoral habitat assessments will be shared with the Wisconsin DNR,
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Lake Associations, resource partners, and interested citizens. The information gathered will be utilized
in the development and implementation of lake specific Lake Management Plans for the lake. This
program strives to convey our findings through meaningful deliverables in a timely manner. Because
our monitoring data will be of interest to a broader community and natural resource managers, we will
provide our data and reports as necessary. Findings will be presented to state agency resource managers
and lake association members annually and may be presented at regional meetings or conferences.

Routine data summaries will be conducted annually for lakes sampled. Lake Management Plans will be
produced with the primary audience being each Lake Association Board and lake stakeholders.

More comprehensive reports, with analysis of trends, may occur after repetitive sampling. The target
audience of comprehensive analysis and reports will be W1 Department of Natural Resources, Lake
Associations and stakeholders, resource management partners, regulatory staff such as zoning
departments, elected officials, and the broader scientific community.

Post Field Season Procedures
(Summary of SOP # 14: End-of-Field Season Procedures)

The proper maintenance and storage of field and laboratory equipment will prolong the life of the gear
as well as simplify start-up procedures for the next field sampling season. Store calibration standards
and electrolyte solutions in a temperature-controlled environment. Ensure that containers are dated
upon receipt and upon opening; observe expiration dates.

Multiparameter YSI Equipment
When multi-parameter YSI probes are to be stored during the non-field season, clean and store the probe
according to the manufacturer’s manual, including:
o Thoroughly clean the sensors.
o Remove installed batteries.
o Fill the storage cap approximately one-fourth full of tap water.
o Store away from direct sunlight. Although the instrument should be able to be reliably
reactivated for field use with a minimum of effort before field use, it should be checked
out well in advance of scheduled surveys to allow time for repair or replacement.

Other Equipment:

o Clean all equipment following the procedures detailed in SOP #4: Decontamination and
Cleaning of Equipment.

o Inspect all equipment for damage or wear that may need replacement.

o Layout all ropes and lines to dry completely, then coil or roll back into their holders.

o Store field equipment in protective storage cases to avoid damage.

o Return all of the equipment and supplies to the proper storage area. Keep them organized so
they can be inventoried using the equipment and supply checklists.

o Store calibration standards and electrolyte solutions in temperature-controlled area.

o Properly dispose of all chemical waste material.

Quality Assurance/Quality Control
(Summary of SOP # 15: Quality Assurance/Quality Control)

Standardized training and data forms provide the foundation that quality assurance/quality control
(QA/QC) standards for field collected data are met and that the data are complete, concise, accurate,
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representative, and comparable. The QA/QC procedures that pertain to sample collection and
processing are focused on: 1) ensuring that any given field or laboratory measurement accurately
represents the water resource at the time the sample was collected, 2) ensuring that water quality data
are comparable across all sampling dates, and 3) verifying that no contamination has been introduced
to the sample at any time.

One important aspect in the accuracy and precision of a water quality monitoring program is the
correct calibration and maintenance schedule of probes for measuring field variables. The table
below summarizes the ideal calibration frequency and minimum acceptance criteria for these
parameters. Calibration logs for multi-parameter sondes are maintained in the ARE Lab and
document the frequency of calibration and calibration checks. Staff will ensure that calibration
standards are not used beyond expiration dates.

Calibration frequency and acceptance criteria for field instruments

Parameter Frequency/Check Acceptance  Corrective Action

Temperature Annually, check with additional tool. $1.0°C Replace faulty equipment

Specific Daily, prior to lab departure; Re-test; check low battery

Conductance calibration check prior to each +5% battery; use different
round of sampling; duplicate meter; use different
reading at each site once a month. RPD 10% standards

pH Daily, prior to lab departure (three +0.05 pH Re-test; check low battery; use
buffers selected including 4, 7 and 10, different standards; repeat;
selected to check instrument +0 1 pH don’t move cords or cause
performance); calibration check prior to 1P friction/static
each round of sampling; duplicate
reading at each site once a month. RPD 10%
Dissolved Daily, prior to lab departure; 0.2 mg/L Re-enter barometric
0 check at the field site if barometric concentration pressure; re-test; check
Xygen pressure changed since calibration; or +10% low battery; check for
calibration check prior to each round of damage of membrane;
sampling; duplicate reading at each site RPD 10% replace membrane; use a
once a month. different meter; repeat;
allow more time to stabilize
Marked lines Check markings monthly for fade. +1%, 0-10 m Re-mark line.
(Secchi, Re-mark annually against meter 2%, >10 m
Kemmerer, tape.
Sonde Rope)

The Sigurd Olson Environmental Institute’s procedures include the following QA/QC routines:

1) Maintain WQ Sampling Site binder containing GPS coordinates for verification of sampling
location(s), map of lake with sample site(s) marked, new Lake WQ Monitoring field forms,
copies of previous field forms to compare field measurements to.

2) Keep Lakes Water Quality Protocol binder on hand including: QA/QC checklist, SOPs,
equipment troubleshooting, blank field forms.

3) Maintain daily instrument calibration log for each instrument. Calibration schedule must be
observed, using fresh calibration standards.
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4) Maintain equipment calibration manual and Chain-of-Custody forms in the laboratory.

5) Submit duplicate water samples at each sample site once a month.

6) Replicate multiprobe field measurements at each sample site once a month. Calculate the
relative percent difference to document precision of the multiprobe.

7) Keep copies of field data forms until all sheets have been scanned. Scan original Lake WQ
Monitoring field forms and maintain electronic copies indefinitely. Save on K: drive in
Ecological Solutions Data folder.

8) Require consistent measurement methods and detection limits

9) Sample preservation and minimum holding time- maintain water samples according to
preservation and minimum holding time.

10) Chain-of-custody includes the form and all references to the sample, including information that
allows tracing the sample back to its collection and handling until analytical results are
received.

11) Laboratory methods — require consistent analytical methods and detection limits.

Quality Assurance and Quality Control for Data Entry and Management
Quality assurance/Quality control procedures are crucial in every step of data entry and management.
QA/QC is detailed in SOP #11: Data Entry and Management.

Summary of QA/QC procedures pertaining to data management:

Procedure Description

Instrument calibration logs Each instrument must have a calibration log.

Field forms Field forms are the only written record of field measurements, so
copies are placed in project binders and originals must be kept on file
indefinitely.

Estimating precision The precision measurement is calculated using the Relative Percent

Difference (RPD) between duplicate sample results per analytic.
Precision estimates should be performed within 7 days of receipt of
laboratory results.

Electronic data entry At least 10% of electronic data entries should be checked on a random
basis for errors. If errors are found, another 10% are spot checked.
Program sampling data are filed and stored electronically in the
Ecological Solutions Data Lake Program folder.

Data verification Data verification documents that a data set qualifies as credible data.

Data will be archived according to SOP #11: (Data Entry and Management) for digital data, paper copies, and
field forms. Field forms are maintained indefinitely. Characterizations of the data from each sample site will be
completed annually after all QA/QC procedures have been completed.

Reporting

Routine data summaries will occur annually for lakes sampled within that year, and presented to the
associated Lake Association or Board and the Wisconsin Department of Natural Resources Lake
Management Coordinator through a data sharing meeting. These presentations will during the
winter following the sampling season. A final Lake Management Plan will be developed for each
lake for which monitoring occurs.
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More comprehensive analyses of trends will occur for most parameters after three or more years of
sampling. No previous monitoring has occurred, thus three or more years of data collection tends to be
the minimum needed to establish a time series sufficiently powerful to detect meaningful levels of
change. The target audience of the analysis and reporting will be the WDNR, Lake Associations,
resource management partners, and the broader scientific community. Draft Lake Management Plans
will be reviewed by a planning committee including stakeholders, Lake Association board members
and WDNR.

Data Validation

Data validation is the method in which data are proven or disproved to be accurate. This process
involves the review of the results of all measurements, samples, and QC samples. Field data sheets
and laboratory data are reviewed for transcription errors, completeness, verification of calibration
and quality control check samples or standards. Once data has been validated for completeness and
accuracy, it is signed off by the Coordinator/Supervisor that the data qualifies as credible data.
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Lake Program Training Checklist:

Introduction to program and basic limnology concepts
Northland College Van certified, if necessary
WI Boated Safety certification completed

Review of NC Water Quality for Lakes Monitoring Protocol & Standard Operating
Procedures (SOPs)

Completed lab safety & Chain-of-Custody instruction

YSI calibration: operation, acceptable criteria, trouble shooting, calibration log
Student calibration of YSI (SOP #5) & completed calibration log

Review of WQ for Lakes field data sheets, water sample data sheets, phytoplankton
field data sheets

Review Field Data Sheet and Water Sample Collection Label recording method
Field methods for profile sample, secchi sample, water sample collection, handling,
preservation, and lab processing (SOPs #6-8)

Equipment decontamination and cleaning (SOP #4)

Shoreline and Littoral Habitat Assessment and data sheet review (SOP #9)
Aquatic Plant Monitoring and data sheet review (SOP #10)

On-land boat safety and inspection

On-water boat safety and inspection

GPS training

Download, entry and verification of data into databases

Lake Program data management (scanning data sheets & electronic storage)
Review WQ for Lakes Pre-Departure Checklist, Completion Checklist &

Field Equipment Checklist

Review Baseline Monitoring of Aquatic Plants Checklist & Field Equipment
Water Quality Sample & Phytoplankton Sample Checklist

Review Shoreline & Littoral Habitat Assessment Checklist & Equipment
Completed Pre-Field Season Checklist

Discussed importance and routine of QA/QC

Discussed professional representation of NC, clothing/gear for lake & laboratory

(Over)

SOEI - Northland College Water Quality for Lakes Monitoring 04/2014 (Gingras) -





Upon training completion, student is able to:

Calibration YSI instrument, acceptable criteria, operation & trouble shooting

Use /calibrate YSI multiprobe sampler and maintenance log according to protocol
Understand daily field preparation responsibilities

Collect /record data and water samples in a controlled and standardized manner
Conduct daily inspection of vehicle, boat and trailer to assure secure hitch and straps
and proper working order, and to assure no plants or animals are attached

Safe and thoroughly execute duties and project activities

QA/QC Validation
Student: Supervisor Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Water Quality for Lakes Monitoring
Pre-Departure Checklist:

IF NECESSARY: Prepared WQ samples for FedEx lab shipment (samples into
cooler and FedEx label) and scheduled FedEx pickup

Vehicle(s) have been refueled and maintenance activities tended to

Discussed daily itinerary, verified lake and maps

Calibrated YSI instrument & completed/initialed calibration log

Labeled water sample bottles and drafted Chain-of-Custody form

Labeled zooplankton sample bottles and drafted Chain-of-Custody form
Packed WQ bottles and zooplankton bottles into cooler(s) with wet ice
Checked WQ for Lakes Monitoring Site checklist and loaded equipment
Loaded into vehicle: WQ sample cooler, zooplankton sample cooler, YSI,
Carboy, Kemmerer, Integrated Sampler tube, Rope lines

Loaded into vehicle: Field Box: Field Binder for WQ for Lakes Monitoring Site,
Habitat Assessment or Aquatic Plant Survey w/ data sheets & lake maps, depth
finder, GPS, secchi disk, camera, first aid, pens, weather radio, extra batteries
Loaded life jackets, boat cushion, boat anchor, & oars

Packed personal gear (water, lunch, rain gear, sunblock, hat, sunglasses)
Checked boat & vehicle gasoline

Inspected trailer lights, turn signals, brake lights, trailer hitch, and boat straps

QA/QC Validation
Student Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Water Quality for Lakes Monitoring
Completion Checkilist:

Pre-departure activities checklist complete

Field gear checklist complete

YSI and GPS batteries checked

Verified correct monitoring site location with depth or GPS coordinates

Implemented depth profile

Implemented secchi transparency

Collected water samples

Collected phytoplankton sample

Water samples correctly labeled and preserved on ice

Phytoplankton sample correctly labeled and preserved on ice

Water samples are consistent with Sample ID numbers listed on data sheets

SOEI NC Water Quality for Lakes Monitoring Data Sheet reviewed, legible, complete,
and initialed for each monitoring site

_____Inspected boat, trailer, and all equipment for invasive species

Back at Northland:

Re-fueled boat and vehicle gas and addressed vehicle maintenance if necessary

Boat, ropes and equipment decontaminated and YSI sensors rinsed w/ DI water

Checked battery on YSI / Plugged GPS in for recharge
WQ data entered data into SWIMS on (date)
All data entered into SOEI database on (date)

Field sheets scanned & filed electronically

QA/QC Validation
Student: Supervisor Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Water Quality for Lakes Monitoring Site
Field Equipment:

Multi-parameter YSI (sonde) or backup sampler

Kemmerer

Carboy

2-meter integrated sampler tube

WQ for Lakes Monitoring (Habitat Assessment or Aquatic Plant) binder & sheets
GPS unit

Secchi disk with attached rope

Pens and permanent marker

Personal gear: water, food, sunblock, sunglasses, clothing/raingear, etc.

Depth Finder

Measured rope

HDPE bottle (1 L, white, narrow-mouth) — phytoplankton

Plankton net and collection bucket

Funnel

Squirt bottle (1L Nalgene) — DI water and squirt bottle (1L Nalgene) — lake water
CO, (Alka seltzer) tablets

Pail (narcotization chamber)

HDPE bottle (125 mL, white, wide-mouth)

Ethanol (95%)
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Baseline Monitoring of Aquatic Plants
Completion Checklist:

Point intercept sampling grid supplied from WDNR downloaded to GPS

Aquatic plant monitoring survey: Completed  OROngoing

General site information completed including: lake name, country, WBIC, date, names
of observers, and how many hours each person worked during the survey

Agquatic Plant Monitoring datasheet is complete including: depth, sediment type, pole vs
rope, rake fullness, species name, and inaccessible sites with correct code

Data entered into SOEI database on (date)

Field sheets scanned & filed electronically

Equipment

Boat, anchor, & Personal Floatation Devices
Double-sided sampling rake attached to 15-ft pole
Weighted sampling rake attached to a 40-ft rope
Handheld GPS receiver with WDNR sample sties loaded
Print-out of lakemap with WDNR sample sites

Print-out of WDNR field datasheets on waterproof paper
Rite-in-the-Rain pens

Sealable storage bags for voucher specimens
Waterproof voucher sample labels

Cooler(s) with ice for storing voucher specimens

Depth finder

Plant ID references or guides to aid in plant identification
Hand lens to aid in plant identification

Digital camera for plant specimens or field pictures

QA/QC Validation
Student: Supervisor Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Water Quality Sample & Phytoplankton Sample
Handling and Processing Completion Checklist:

____ Label all sample bottles correctly, completely, and legibly

Complete and sign the Chain-of-Custody Sheet for all samples collected

Add acid to phosphorus samples to stabilize and dispose of ampoule properly
Place all samples in the refrigerator except Total Nitrogen

Place Total Nitrogen samples in the freezer

Follow lab instructions for any samples shipped to a contact laboratory

QA/QC Validation
Student: Supervisor Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Shoreline & Littoral Habitat Assessment
Completion Checklist:

Fill out each data sheet completely and listed “observer” names on each sheet
Complete Big 10 Physical Habitat Assessment (Shore, Littoral, Upland, & Drawdown)
Complete Big 10 Invasive Plant & Animal Assessment Form

Complete All Parcel Habitat Assessment Form

Complete Basic Lake Information & Site Activities Form (after assessment)

Data entered into SOEI databaseon _ (date)

Field sheets scanned & filed electronically

Field Equipment

Boat & Personal Flotation Devices

GPS

Big 10 Shoreline & Littoral Habitat Assessment data sheet
Big 10 Upland & Drawdown Habitat Assessment data sheet
Big 10 Invasive Plant & Animal Assessment data sheet

All Parcel Habitat Assessment data sheet

All Parcel Habitat Assessment Field Description sheet

Basic Lake Information, Site Activities & Human Disturbances data sheet

QA/QC Validation
Student: Supervisor Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

WQ Monitoring, Aquatic Plant Survey & Shoreline Habitat Assessment

Field Measurement Validation
(one sheet per sample site)

Lake Name

Site Location

Sampling Unit/Equipment

Date Sampled

Field Crew

Date Reviewed

Reviewed by

All field forms have been received (data sheet, flow, etc.)
Multiprobe was calibrated correctly / GPR working correctly
Multiprobe post-sample DO check was accurate

Field measurement duplicates were within range (once per month)

Water sample duplicates were within range (once per month)
There were no obvious trends in data taken from any sensor during the sampling day

Equipment blanks sent to lab included

QA/QC Validation
Supervisor Signature: Date:
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Sigurd Olson Environmental Institute

NORTHLAND COLLEGE

Laboratory WQ Sample & Phytoplankton Data Validation

(one sheet per lake)

Lake Name

Date Sampled

Field Crew

Received by (at lab)
Reviewed by
Review date

Samples received by lab at proper temperature (look at COC copy from lab)

Holding time limits met

Analytical methods used in analyses were those agreed upon

Useable MDL and ML achieved in this analytical run

Calibration procedures were followed

QC samples control limits applicable to this analytical batch

Lab blank

Lab dup

Lab LCS

Lab spikes

Field dup Eq
blank _ CCVs _

QC samples within range expected

Lab blank Lab

dup Lab

LCS Lab spikes _
Field

dup

Eq blank

CCVs

Lab notes or flags

Samples rejected

QA/QC Validation
Supervisor Signature:

Date:
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Standard Operating Procedure #1: Field Season
Preparation

Introduction

Prior to the field season, many preparations must be completed to ensure sampling can be
undertaken according to schedule. The field season for sampling inland lakes is generally from
May through October. All details for the season need to be planned well in advance. Field
preparations should begin in January to allow enough time for ordering new supplies and
equipment, if necessary. Table 1 provides a checklist and general guidance for activities
conducted prior to sampling. Many of these activities are discussed in more detail in other SOPs.

Table 1. Checklist of activities to be conducted prior to sampling inland lakes.

\/

Activity

Description

Prepare calendar of planned field trips

Includes sampling dates, locations, personnel

Review sampling methods to determine if
revision is needed

Check web reference to see if method has been updated
from version currently used

Review checklists of equipment and
supplies required; prepare list of items to
be ordered

Check each Standard Operating Procedure for detailed
equipment lists; check expiration dates of reagents,
standards, and other chemicals

Order supplies

Includes calibration standards, pre-cleaned bottles for
sample collection (if not provided by the contract
analytical laboratory) , sample preservation solutions

Clean and test equipment; charge or
replace batteries as needed

Includes multiparameter sonde, integrated sampling tube,
kemmerer, back-up instruments, ropes, thermometers,
camera, GPS unit, cell phone or radio

Ensure the latest versions of software are
being used

Includes mulitparameter sonde, data-logger, computer

Prepare equipment blanks

Must be done annually

Check field vehicle and boat for safety
equipment and supplies

Includes material safety data sheets, flares, flashlight,
gloves, extra sampling bottles, etc.

Schedule boat training, if necessary

Update field folder

Include maps, site information, field forms, sampling
procedures

Prepare headers on field data forms, chain
of custody forms, analytical service request
forms, bottle labels

Header information should be cross-checked with data
storage

Review sample collection, processing, and
documentation information

Includes methods, lab codes, bottle type, and sample
collection and processing procedures; sample shipment;
quality control samples.

Provide supervisor with schedule






Read the Entire Protocol

Periodically read through the entire protocol, including all standard operating procedures (SOPs).
Be sure to understand the purpose for which the various types of data will be collected and review
the SOPs for the types of measurements and samples needed. Be alert for portions of the protocol
or SOPs that may be in need of revision.

Prepare Calendar of Planned Field Sampling

Well in advance of the field season, prepare a calendar of sampling dates for the entire season.
Allow for the possibility of bad weather days, when sampling may have to be postponed. Include
the location of sampling, dates, parameters to be measured, personnel, and any notes.

Review Checklists of Equipment and Supplies

Checklists help ensure that equipment and supplies will be ordered on time, data collection
activities will be completed appropriately, and data quality objectives will be met. Review the
detailed equipment lists that are included with each standard operating procedure. Pay attention to
expiration dates on reagents, calibration standards, and all other chemicals.

Review Sample Collection, Processing, and Documentation

Conduct a thorough review of “Field Measurements and Water Sample Collection” (SOP #6) and
“Processing Water Samples and Analytical Laboratory Requirements” (SOP #8).

Determine current contract analytical laboratory information. Verify lab procedures and Chain of
Custody (COC) Forms.

Update Field and Office Binders

Field binders should contain reference information specific to each sampling station, including
maps, photos, previous data, field forms, and summaries of sampling and QA/QC procedures.
The office binder should contain reference information relevant to general field sampling
procedures, including quality assurance/quality control (QA/QC) reminders, copies of all SOPs
relating to safety, decontamination, sample collection and processing. Office binders include
copies of equipment instructions and troubleshooting, calibration logs, and Chain of Custody
forms. The field binder should be brought on every field trip.





Each year, prior to the sampling season, the field binder for each monitoring site should be
reviewed and the following information updated as needed:

o Location of sample-collection sites. Review field notes for any indication that the
location for sample collection may need revision. Update protocol if necessary.

* Photographs to document site conditions. Take new digital photograph annually.
o Maps to site (state and local). Review map for accuracy; update if necessary.

o Review previously collected chemical, physical, and biological data. A summary of
previously-collected data or copies of previous field data sheets should be in the field
folder so that water column profiles and Secchi data can be compared to previous
surveys. Familiarity with previously collected data is a critical quality assurance (QA)
element for early detection of possible instrument malfunction.

o Summaries of field procedures, QA/QC procedures, instrument stabilization criteria, etc.
Prepare brief outlines reminding field personnel of routine procedures, including all
changes from the previous year.

Each year, prior to the sampling season, the office binder should be reviewed and the following
information updated as needed:

o Safety information (SOP #2). Verify/update “Medical Information Form for Field
Personnel” and “Emergency Contact Form”.

o Sampling schedule and instructions. Ensure the following information from SOP #6
(Field Measurements and Water Sample Collection) is included in the office binder:
laboratory analyses to be requested and associated codes, when to collect samples, bottle
types needed for each analytical schedule, preservation requirements, quality control
sample requirements, and shipping instructions. Verify information is correct and report
and reconcile any discrepancies to supervisor.

o Decontamination procedures (SOP #4). Ensure that the most recent information on
presence of exotic species and need for decontamination of equipment has been updated
in the office binder.

o Analytical service request forms, data collection field forms, chain of custody forms,
sample bottle labels. Prepare as much of the field forms as possible in advance. For each
station, complete the header information, including the project ID, station ID and station
name and other required information. Place enough blank field forms in office folder to
last entire field season.

o Ensure that copies of the current field procedures are included in the office folder.
Include calibration and maintenance procedures specific to the instruments to be used.





Clean and Test Equipment

Clean and test all sampling equipment, including multiparameter sonde, Kemmerer and integrated
tube samplers, camera, GPS units, and any back-up meters. Check calibration of metered ropes

to ensure accurate depth measures. Start each new field season with fresh batteries and replace
spares in field tool kit. Ensure the latest versions of software are loaded onto the multi-probe,
data-logger, and computer.

Vehicle, Boat, and Safety Gear

Check maintenance schedule of field vehicle and arrange maintenance, if needed. Check boats
and vehicle for safety equipment such as MSDS sheets, flares, spare tire, triangles, cones, first aid
kit. Prepare a list of supplies needed and present list to supervisor. If using a trailer, ensure that
tail-lights are in working order. Check that field tool-kit is complete and replace tools, as needed.

Training and Safety

Keep current with training and the laboratory requirements associated with your data collection
activities. New technicians will need basic skills training, including classroom instruction, hands-
on training, and pilot-testing of equipment. All field staff should attend the week-long pre-season
training. If boat training is needed, be sure to schedule the training early in the season.

Field Reconnaissance

Make field reconnaissance trips, if possible. Visit the sampling sites to be sure that conditions
have not changed from the previous year. Note conditions that could affect sampling operations,
such as the seasonal high or low water levels, or site access peculiarities. Ensure all roads are
passable and landing areas are accessible.

Communicate with Supervisor

Ensure the lake coordinator is informed of supply needs, problems with instruments, changes in
sampling schedule, changes in sampling site conditions, and other needs that may have an impact
on the project budget, data collection, schedule, or sampling design.





Standard Operating Procedure #2: Training & Safety

Introduction

Prior to collecting data and water samples in the field, the field crew members must be trained in
standard, repeatable techniques and procedures that will be used throughout the season. A
combination of classroom and field training will occur at the start of each field season. SOEI
research assistants, who have demonstrated proficiency in basic technical skills, will participate in
the review of all methods and techniques and will assist in training on new research technicians.

Procedures, boat operation and safety, equipment, sample collection and processing, and
equipment decontamination are critical to the success of the water quality monitoring program.
This SOP includes procedures for training in the specific water quality related skills and
knowledge necessary for collecting good data and understanding those data. The Lake
Coordinator will conduct, or arrange for, intern training at the start of field season.

The responsibility of the program coordinator and student researchers is to conduct all field work
related to the lake program. Responsibilities and training for all field staff include:

e Completion of all pre-field season preparation
Completion of Northland College VVan and Trailer and Wisconsin Boat Safety
Certifications
Calibration of equipment according to protocols and manufacturers’ directions
Field sampling, collection handling and data recording performed according to SOPs
Assurance that all QA/QC procedures are implemented
Communication of progress/accomplishments with the Lake Coordinator
Download, entry, and verification of data into databases
Documentation and maintenance of data collection details, accurate field data and office
notes
e Scanning hard copies of data forms and storing electronically on a regular basis
e Represent Northland College in a professional manner while maintaining
positive communication among the College, resource professionals, and the
public

Student researchers need a background/coursework in biology, chemistry, or other related physical
or biological science. Prior field experience, boat and motor operation, and laboratory experience
is preferred. All students must be physically fit and able to swim, move heavy equipment, work
long hours in inclement weather, and must wear a personal flotation device (PFD) on the lake.

Classroom Training
e Basic limnology concepts and field sampling equipment
e Review of all SOPs for the project and field data sheets
Calibration, acceptable criteria, operation, and maintenance of all meters, probes, and
GPS equipment
Troubleshooting tips for equipment
Completion of calibration and lab sheets, sample labels, data and Chain of Custody forms
Methods for sample collection, handling and preservation
Methods for equipment decontamination and cleaning





Use of Multi-Sensor YSI Professional Plus Water Quality Instrument

Each type of multi-sensor instrument comes with specific instructions on use and care. The Sigurd
Olson Environmental Institute uses an YSI Professional Plus meter (serial # 13£100102). Guidelines
for calibration and use of the meter are included in SOP #5. Follow manufacturers’” manual for
instructions and check their websites for updates or changes to instructions.

Training for use of the YSI includes:

o calibration procedures and acceptance criteria

o  keeping a calibration log

o maintenance, including replacing fluids and membranes

o creating files on the data logger

o  storing data on the data logger

o downloading data to a laptop computer

o use of the instrument in a field setting, including depth profiles and equilibration
o troubleshooting

Students will have the opportunity to practice the skills learned prior to the actual sampling until
they are comfortable with the use of the instrument.

Use of a Global Positioning System (GPS)

Location information must be gathered via GPS for each site during each visit. Training in the use
of a GPS will include navigation to a known location, acquiring location information, storing
data, and downloading data. Details on the use of a GPS can be found in SOP #3.

Field Data Sheets Recording
e Record data only on the appropriate SOEI field sheet: Lake Water Quality Monitoring
Field Data Sheet, Lake Habitat Assessment or Aquatic Plant Survey
e Print legible (as big as possible) with a PEN. Clearly distinguish letters and numbers.
e If you make an error when recording data, cross out the error with a single line, rewrite the
correct information, and initial the correction.
e Accurately and completely record all information on all data sheets.

Record information on first and last lines, and then connect using a wavy vertical line.
Record comments legibly in the “Comments” field only and do not doodle on the forms.

Water Sample Collection Labels and Data Sheet Recording
Prior to field visit:
e Label all water sample bottles prior to lab departure with tape and a permanent marker
that leaves fine, clear text. A sample lab is posted in the lab.
In the field:
e Record the time of sample on each sample bottle with permanent marker.
e Record the time and depth of sample

The lab sheets can be photocopied onto Rite-in-the-Rain paper for use in the field. Upon arrival
back to lab the data can be copied back to original lab sheets for shipment with water samples if
necessary.





Field Training

In addition to the classroom training described above, a variety of hands-on training and practice
prior to the first sampling period will help ensure high quality data collection. Familiarity with the
use and maintenance of equipment, procedures for collecting and processing water samples,
techniques for cleaning field and laboratory equipment, and safe use of watercraft are essential to
the success of the water quality monitoring project.

Field Methods

In addition to collecting data with the multisensor instrument, a field data sheet must be
completed, a water sample must be collected, and the water level must be determined at each
site. Prior to the field season, the field crew will receive training in and have the opportunity to
practice the following:

o completing the field data sheet

¢ using an integrated sampling tube

¢ using a kemmerer

¢ decontaminating equipment between lakes to avoid transfer of species from one lake to
another, and determining when decontamination is necessary

o following QA/QC procedures

Processing Water Samples

Whether the water samples are processed for further analytical laboratory analysis in the field or
back at the office or lab, strict procedures must be adhered to. Crew members will be trained in,
and will have the opportunity to practice the following techniques:

ehandling water samples so as to avoid contamination

erinsing and filling bottles from the analytical laboratory
epreserving samples for various chemical analyses

ofiltering samples for various analyses

epacking samples for shipment to analytical laboratory, if necessary
ofilling out chain of custody forms

ofollowing QA/QC procedures

Cleaning Field and Laboratory Equipment

Field and laboratory equipment must be cleaned between lakes or samples to avoid contamination
with water from the previous sampling site. Training in proper techniques will include:

cleaning boat and equipment with bleach solution
rinsing with distilled or de-ionized water

Boat Training

Prior to operating a NC boat, Wisconsin Boater Safety Certification is required. This certification
will take place on-line for each student during the first week of training. Basic boat identification and





safety will be covered by Lake Program Coordinator.

Clean Boats, Clean Waters
Students will be trainined for the Clean Boats, Clean Waters boat inspectrion program by County
AIS staff and WDNR during the first week of training.

Quality Assurance and Quality Control
QA/QC is integrated into routine and standard methods, ensuring that project
deliverables/expectations are surpassed, and that data are precise, representative, meaningful, and
repeatable. These include:
e Standardized training and Standard Operating Procedures for all methods
e Maintenance, review and updates of lake program field sampling methods
e Lake Monitoring Field Binder: GPS coordinates for site verification, lake maps with
sites, data sheets (WQ, habitat, or aquatic plant survey), copies of previous data for
comparison
e Equipment Calibration Log and Accepted Criteria for multi-parameter sonde probes
e Replicate water samples/field measures, re-assessment for shoreline habitat/aquatic
plants
e Field data forms and database electronically maintained
Further QA/QC measures on calibration frequency and data management are at the end of this
protocol. Method specific QA/QC are listed in each SOP or Standard Operating Procedures
#12.

Safety Procedures

Safety of students should always be the first concern in conducting a sampling program and in the
selection of sampling sites. Field work requires an awareness of potential hazards and knowledge
of basic safety procedures.
Safety Procedures
All students are trained on the following topics to ensure safety of all field staff:
e Van and Trailer Certification through Northland College
e Wisconsin Boating Safety Certification
Proper field clothing and gear (including PFD use) for weather conditions
Handling of chemicals and other hazardous material
Proper safety practices and clothing for all lab and field procedures
Equipment and boat training, safety check, and maintenance
First aid kits in daily field equipment and vehicles
Allergies to bee stings, other insects, or plants must have personal precautions
Field visits require at least two staff at all times

Basic Safety Preparation

Basic preparations should become routine before every sampling activity. SOEI office staff and
supervisor should be made aware of sampling schedule including:

field participants
departure and expected return time(s)
basic itinerary, including where and when sampling will occur





phone numbers for cellular phones

Field work should be done in pairs. Always carry a cellular telephone. Carry basic safety
equipment, including first aid kit, rain gear, etc. Be aware of changing weather conditions and the
potential for storms. Be aware of potential hazards at a monitoring site. Carry general safety
information in each vehicle or boat, including:

material safety data sheets (MSDS) for preservatives (stored in lab)

basic first aid protocols

emergency phone numbers

locations of emergency facilities (hospitals, police and fire departments, U.S. Coast Guard)

Medical Forms and Safety Equipment Checklists

The following pages contain medical forms and equipment checklists for field personnel. Prior to
the field season, complete as much of the medical information as possible. Confirm all contact
information annually. Medical information sheets should be completed for each individual
venturing into the field.

Checklists are helpful for ensuring that personnel have the appropriate safety equipment available
during field trips. Students should consider their specific needs and should customize the
checklists as necessary. The field crew and project manager will discuss the checklists and
determine which items are necessary





Emergency Contact Form for: name

Emergency contacts
#1 Name: Relationship:

Phone: (home) (work)

Information Form (retain in office)

Employee name: Home phone:
Treatment preference: medical other (specify)
Doctor: Phone:

Medication/ Special instructions:










Standard Operating Procedure #3: Using a GPS

Introduction

This Standard Operating Procedure (SOP) provides guidance on operations relevant for baseline
monitoring of aquatic plants in WI inventories and lake habitat assessment inventories.

The GPS units currently (2013) used by the SOEI staff is the Trimble Juno series. The mapping-
grade unit records data with location accuracy ranging from sub-meter to less than five meters.
The detailed description of GPS use for aquatic plant monitoring and habitat assessment are found in the
respective SOPs.

As of 2013, software pertinent to the use of these GPS units includes:
o TerraSync (Trimble Juno) —single table forms software
o GPS Pathfinder Office 4.xx (Trimble) — desktop GPS processing software
o ESRI ArcGIS 9.x (Trimble) — desktop GIS software

Role of GPS in Water Quality Monitoring on Inland Lakes,
Baseline Monitoring of Aquatic Plants, Habitat Vegetation
Assessment

GPS units are primarily used in the following ways to support water quality monitoring on inland
lakes:

1) For water quality monitoring on inland lakes, navigating to, or confirming sample
locations of monitoring stations is accomplished through a combination of:
o Using GPS units to navigate to previously established GPS point locations
* Using hardcopy topographic maps and written notes with site descriptions
o Using a depth sounder to verify site is at the deepest location

2) Accurate station location descriptions must be recorded and carefully followed by
sampling personnel on subsequent field visits for water quality monitoring.

GPS Settings

Positional accuracy of GPS data can be affected by several factors that can be monitored and
recorded with mapping-grade GPS units.

GPS signals are received in the WGS84 datum. GPS data that will receive no post- processing
differential correction, unlikely with a mapping grade receiver, can be collected in native WGS84
or NAD83 (CONUS), and ensuring that the datum used is recorded in the metadata.

If a project requires navigation to preset locations or waypoints, this information must be pre-
loaded onto the GPS hardware before starting a field data collection mission, unless the locations
have been previously stored on the GPS. Having printed copies of bathymetric maps with





sampling sites marked is a good backup and can maximize field time and efficiency.

It is extremely important that each user become familiar with the battery power and memory
capabilities of the GPS units. Make sure a backup battery is in the equipment bin and that the GPS is
charged nightly.

Data Collection

Data collection should be performed using an approved data dictionary or database for the
protocol, if applicable. Moreover, users should be mindful of the following concepts:

o If using a GPS unit that gives an approximate 5m horizontal accuracy, the user cannot
map anything as a polygon that is less than 4 to 6m in width or diameter. Such objects
must be captured as point features.

o If a GPS user is collecting a line or polygon feature and then stops moving, the GPS unit
will continue to collect data. Users need to be familiar with the Pause/Resume toggle key
and use it liberally. This technique greatly improves subsequent data quality and reduces
the need for time-consuming spatial editing.

o Another way to avoid errors is to collect point features that represent the beginning and
end points of a line transect.

Data Processing

When data collection is complete for the day or round of sampling, data are downloaded from
the GPS unit to a computer.

The last step in processing data is exporting the data set to GIS (ArcGIS or ArcView). Great
care should be taken to not overwrite this file when exporting other data, as the software will
continue to use this generic naming convention the next time it is used.

o Download all data to a computer or network drive that is regularly backed up.
o Keep GPS data and GIS data separate through electronic file management.
o Directories and files names should not contain non-alpha-numeric characters and/or

spaces (except underscores).
o Keep GPS data in well-organized directories.

At the end of a project, all data and background files should be removed from the GPS unit to
free available memory. Data files should not be left on a unit if they have been properly
downloaded and verified.

Data Processing

Data should be downloaded from GPS units once a day or after each field session. The DNR
Garmin freeware product:

(http://www.dnr.state.mn.us/mis/gis/tools/arcview/index.html ) can be used to download data



http://www.dnr.state.mn.us/mis/gis/tools/arcview/index.html



from Garmin GPS units. Data should be downloaded both as a text file and a shapefile. Each file
name should include the download date. Points should be checked for reasonable spatial
accuracy and errors. Subsequent downloads should be error-checked in the same manner. When
data collection is finished, all files should be compiled into one spatial file, and along with the
raw downloads, should be saved to the appropriate location on Great Lakes Network servers
(refer to SOP #8, Data Entry and Management for more detail).

Metadata

Regardless of the type of GPS unit used to collect data, all resulting GIS datasets need to have
information documenting how the GPS data were collected. Documentation can be a simple
‘readme’ text file, or a detailed daily log.

It is recommended that formal metadata be written by the data collectors, as they are the ones
familiar with the project and resulting data. However, Network data management and GIS staff
usually end up documenting someone else’s work. At a minimum, the following details should be
documented to facilitate final NC metadata:

o Name of project
o Name(s) of data collectors
o EHE/EPE or maximum PDOP (using 4 satellites)

Coordinate system (projection, datum, and zone)

Type (or types) of GPS units used

The range of field collection dates

Name of base station(s) used for differential correction

Name and version of software used for downloading

Any major editing performed on the raw data (e.g., moving of points)
All versions of data dictionaries used





Standard Operating Procedure #4: Decontamination
& Cleaning of Equipment

Introduction

The Sigurd Olson Environmental Institute has adapted decontamination activities from the

Wisconsin Department of Natural Resources Aquatic Invasive Species Decontamination
Procedures.

Aquatic invasive species (AIS) are an issue of increasing concern nationwide. As we conduct
water quality monitoring on inland lakes, we are concerned with the limited suite of AIS that
can adhere to, or passively catch on, sampling equipment (including waders, boats and trailers).
In this standard operating procedure (SOP) we will focus on aquatic plants, zooplankton, and
mussels.

Wisconsin’s Prevention Measures
Before launching and before leaving you must:
e Inspect boats, trailers, and equipment.
e Remove all attached aquatic plants and animals.
e Drain all water from boats, vehicles, and equipment.
e Never move plants or live fish away from a water body.

What is Decontamination?
Decontamination is a process that eliminates organisms and viruses from equipment using means
such as:

e Hot water (140 degrees F)

e High pressure spray

e Chemical spray/soak

e Drying

Equipment and Supplies
The supplies and equipment required for decontamination of sampling equipment between
lakes consists of:
e tap water
e hose and sprayer nozzle
e Dleach solution

Motorized Boats & Equipment

(If any non-motorized boat should ever be used, the following decontamination procedure would
apply).

Procedures for Decontamination

Boats: Spray with a 0.5% bleach solution—keep wet for 10 minutes. Rinse with water.
Ropes and anchor lines: Soak in a 0.5% bleach solution for 10 minutes.

Multiprobe: Rinse in distilled water in lab.






Other options: (These options are better than what we currently do, but not feasible due to time and
finance constraints).

e Hot water pressure wash hull (commercial car wash)

e Dry for at least 5 days before reuse—in direct sunlight is best.

e Professional decontamination (140 degrees F and 2,500 psi pressure).

Many AIS, especially plants can be controlled by simply being vigilant and periodically
examining equipment, clothing, and boots and removing materials suspected to be an AIS species.

Basic guidelines:

e Be vigilant about periodically checking boat, trailer, and equipment, upon arrival and
departure from sampling sites. Look for signs of AIS, especially plant materials.

e When possible, avoid using equipment on both infested and uninfested waters.
Designate a set of equipment for both types of waters.

e When possible, begin sampling with sites not known to harbor exotic species;
sample sites known or suspected to contain exotic species last.

e Thoroughly clean or disinfect all equipment between uses in all inland waters.

e When possible, allow sampling equipment, to dry for 10 days after sampling a water
body known to be infested with AIS.

Step-by-Step Procedure:

When finished at a sampling site and before sampling the next site:

e Remove or rinse mud, plant material, invertebrates, and other visible organic
material from boots, nets, and all sampling equipment.

e Non-electronic gear, such as lines, tapes, dipnets, wading boots, should be sprayed with a
0.5% bleach solution and let sit for 10 minutes before rinsing with water. Electronic
equipment such as flow meters, depth probes, temperature probes, data collection sondes,
and associated cables should be rinsed with copious amounts of tap water and cleaned
with brushes and/or clean rags.

e Pay particular attention to lines, cracks, and crevices in equipment, and rinse well.

e Visually inspect all gear to verify that all equipment and gear has been cleaned and
rinsed.

e Take measures to allow equipment to dry out as completely as possible.





Standard Operating Procedure #5:
Calibration of Multi-probe Sampler

Introduction
This SOP provides instructions, tips and troubleshooting suggestions for calibrating the YSI
Professional Plus meter. For specific details, refer to the Pro Plus User Manual.

Installing and Uninstalling/Re-installing Sensors

When installing sensors for the first time AND when replacing the old, YSI recommends that you
install the pH probe into port 1 first; followed by DO installation, and lastly
conductivity/temperature into port 2. If you are replacing one, remove and dispose that sensor,
then remove remaining sensors and re-install in the order instructed, otherwise the YSI will
not calibrate.

It is important that the entire sensor connector and cable connector be dry when installing,
removing or replacing sensors. This will prevent water from entering the port. Once a sensor is
removed, examine the connector inside the port. If any moisture is present, use compressed air to
completely dry the connector or place directly in front of a steady flow of fresh air.

Step 1: Hold the cable with bulkhead in one hand, and the sensor in the other hand. Notice the two
O-rings on the sensor. O-ring lubricant is applied to these rings prior to shipping from YSI and
there is no need to re-apply on new probes. However, if you have removed probes that are still
good and will be re-stalled then you will need to apply O-ring lubricant to these.

Step 2: Align the pin in the bulkhead and the sensor connector and push together until only one O-
ring is visible. Do not begin threading before the sensor is firmly seated. Failure to fully seat the
sensor may damage the sensor.

Step 3: Once the sensor is fully seated in the bulkhead and only one O-ring is visible, turn the
sensor clockwise to engage the threads. Finger-tighten until the sensor is flush with the bulkhead.
Sensor installation is now complete.

Barometric Pressure Reading
Before calibrating the YSI, you need to collect the current, local barometric pressure with the Hach
HQ40d meter and enter it into the YSI upon calibration. Use the Hach probe marked with red tape:

Connect Hach probe to the HQ4od instrument and turn instrument on.
Go to wrench and select LD0101 settings.

Select modify.

Select measurement.

Select pressure units.

Selects mmHg.

Press Exit Button (4x).

Press read.
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Calibration

Temperature
Before calibrating the YSI, verify that the temperature sensor is reading accurately by comparing it
to a known. The YSI temperature sensor cannot be calibrated nor should calibration be required.

TROUBLESHOOTING

If the temperature sensor is not reading accurately, ensure that it is clean and free of debris. The
conductivity cleaning brush and warm water with mild detergent can be used for cleaning.

Dissolved Oxygen
The dissolved oxygen sensor should be calibrated each field day. It is not necessary to calibrate in
% and mg/L or ppm. Calibrating % will simultaneously calibrate mg/L and ppm and vice versa.

CALIBRATION

1.
2.

No ok

The Pro Plus should be calibrated in water-saturated air.

Make sure that there is a good membrane with fresh electrolyte (O2 probe solution) installed on
the DO sensor. The membrane should be clean and free of wrinkles. There should not be any air
bubbles present under the membrane. Membranes should be changed regularly and generally
last 2-8 weeks depending on use and storage.

Moisten the sponge in the calibration cup with a small amount of clean tap water and engage
two threads when tightening calibration cup into bulkhead to allow air exchange.

The sponge and calibration cup should be clean since bacterial growth may consume oxygen
and interfere with the calibration. Be sure the sensor is not in the water, and that there are not
any water droplets on the membrane or temperature sensor.

After entering the % calibration mode, wait up to 10 minutes for the container to saturate.
Select: Accept Calibration.

Press system button then the GLP file and check the DO calibration and read it in your log.

If you receive a warning message stating that the calibration is questionable, do not continue
with the calibration. Instead, select “No’ and investigate what is causing the questionable results.
If you accept a questionable calibration, your DO readings will be erroneous. Typical causes of
a calibration error message include: incorrect sensor, membrane or port setup in the instrument,
incorrect barometric pressure information, a bad membrane or a sensor that needs reconditioned.

TROUBLESHOOTING

1.

wn
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Ensure that the correct sensor type and membrane type are enabled in the Sensor Setup Menu.
Galvanic sensors have a gray probe body and Polarographic sensors have a black probe body.
Ensure that the DO sensor is installed in the port labeled DO.

Ensure the Pro Plus barometer is reading accurately.

Install a new membrane with fresh electrolyte onto the DO sensor and re-install all probes as
instructed above.

If you suspect port contamination, remove the sensor and follow Cleaning a Sensor Port tips.
If you continue to have trouble calibrating the DO sensor, contact an YSI Representative.





Membrane Cap Installation

The DO membrane and electrolyte solution (O2 solution) should be changed once every 2-8 weeks
depending on use and storage. In addition, the membrane and electrolyte solution should be
changed if (a) bubbles are visible under the membrane; (b) significant deposits of dried electrolyte
are visible on the membrane; or (c) if the sensor shows unstable readings or other sensor-related
symptoms. To install a new membrane cap follow these instructions:

1.
2.

3.
4.

5.

Remove the calibration cup to access the sensor tip.

Unscrew and remove any old membrane cap by holding the sensor when unscrewing the
membrane cap. Discard the used membrane cap.

Thoroughly rinse the sensor tip with distilled or DI water.

Fill a new membrane cap with the appropriate electrolyte solution that has been prepared
according to the directions on the bottle. Polarographic sensors use electrolyte labeled
(KCI/Na2S04). Do not touch the membrane and gently tap membrane cup to remove bubbles.
Thread the membrane cap onto the sensor. It is normal for some electrolyte to overflow.

Conductivity
The conductivity calibration should be verified every day the instrument is used. However, the
conductivity sensor is very stable and may hold its calibration for several weeks.

CALIBRATION

1.

2.
3.
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It is not necessary to calibrate conductivity, specific conductance and salinity. Calibrating one
will also calibrate the others. YSI recommends specific conductance for greatest accuracy.
Ensure the conductivity sensor is clean and dry before performing the calibration.
Always use fresh, conductivity calibration solution when calibrating the conductivity sensor.

a. The shelf life of conductivity solution is one month after being opened. Be sure to write

the open date on the bottle so you know that you are using good calibration solution.

b. Calibrate with a conductivity solution that is 1000 uS (microsiemens).
Pre-rinse the calibration cup and sensors with a small amount of calibration standard.
When calibrating the conductivity sensor, the calibration solution must cover the vent hole on
the sensor. Ensure the entire conductivity sensor is submerged in the solution.
After placing the sensor into the solution, gently move the sensor up and down to remove any
air bubbles that may be trapped in the conductivity sensor.
If calibrating Specific Conductance, enter the value of the conductivity solution (1000 uS).
If you receive a warning message stating that the calibration is questionable, do not continue
with the calibration. Instead, select “No’ and investigate what is causing the questionable results.
If you accept a questionable calibration, your conductivity readings (and your DO mg/L
readings) will be erroneous. Typical causes for this error message include: incorrect entries
(entering 1000 uS/cm instead of 1.0 mS/cm), not using enough solution to cover the vent holes,
air bubbles trapped in the sensor, calibrating in conductivity instead of specific conductance,
dirty conductivity electrodes, and/or bad calibration solution.
After accepting a good calibration, press system button then the GLP file and check the
conductivity cell constant for the calibration and record it in your log. For highest accuracy, the
cell constant should be 5.0 +/- 0.5. However, the acceptable range is 5 +/- 1.0. A cell constant
outside of this range indicates that a questionable calibration was accepted.





TROUBLESHOOTING

If you get an error message during calibration, be sure that you are:
Entering the correct calibration value (1 mS/cm = 1000 uS/cm).
Calibrating in Specific Conductance mode.

Using enough solution to cover the vent holes on the sensor.
Dislodging any air bubbles that could be trapped in the sensor.
Using a fresh, traceable conductivity calibration solution.
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If you still receive an error message, check the conductivity sensor to make sure it is clean. A clean
conductivity sensor should read less than 3 uS/cm in dry air. If your sensor is dry and giving you a
reading higher than 3 uS/cm in air, it should be cleaned.

pH
The pH calibration should be verified every day the instrument is used. However, a new pH sensor
may be capable of holding its calibration for several days.

CALIBRATION

1. Use calibration buffers 4, 7 and 10 to calibrate pH.

2. Rinse the sensors and calibration cup with a small amount of pH buffer. Fill the cup so that the
pH sensor tip and the temperature sensor are submerged in buffer.

3. If necessary, highlight the Calibration Value and enter the pH value of the buffer solution.

4 Wait for the pH to stabilize in the each buffer and then press enter to accept each calibration
point.

6. Rinse the sensor and cal cup with a small amount of the next buffer between calibration points.

7. After pressing enter to accept your last calibration point, press cal to complete the calibration.

Otherwise you will continue calibrating up to 6 calibration points.

8. If you receive a warning message stating that the calibration is questionable, do not continue with

the calibration. Instead, select ‘No’ and investigate what is causing the questionable results. If you

accept a questionable calibration, your pH readings will be erroneous. Typical causes for this error

message include: incorrect Sensor/Port setup in the instrument, a dirty sensor or bad buffer solution.

9. After accepting a good calibration, navigate to the GLP file and check the pH Slope and Slope %

of ideal. A good slope should be between 55 and 100 mVs. If the slope drops below 53, the sensor

should be reconditioned and recalibrated. Record the pH millivolts for each calibration point on

your calibration log. The acceptable mV outputs for each buffer are shown below.

pH 4 mV value = +180 +/- 30 mV
pH 7 mV value =0 mV +/- 30 mV
pH 10 mV value = -180 +/- 30 mV
- A value of +30 or -30 mVs in buffer 7 does not indicate a bad sensor.
- If the mV span outside of these values, clean the sensor and try to recalibrate.





TROUBLESHOOTING

Typical working life for pH sensors is approximately 12-24 months depending on usage, storage
and maintenance. Proper storage and maintenance generally extends the sensor’s working life.

Clean and recondition the sensor if a slow response in the field has been reported or if it takes more

than 90 seconds to stabilize in pH buffer.

If you get an error message during a pH calibration, check the following:

1. Ensure the pH buffers are good and not expired

2. Ensure that the pH sensor is installed in port 1 of the bulkhead and the correct ISE is enabled in
the Sensor Setup menu.

3. If you continue to get error messages during calibration, clean and recondition the sensor.

4. Replace the sensor and re-install.

Cleaning and Reconditioning the pH, ORP or pH/ORP Sensor

If the pH sensor has been allowed to dry out or has been stored in distilled or deionized water for an
extended period of time, soak the sensor in buffer 4 overnight to try and restore functionality.

Refer to the Pro Plus user manual for detailed instructions.

Data Sheets (attached)










YSI pH 20 Meter Cable Calibration Log

YSI Model #
YSI 20M Cable Serial #
pH Probe Serial #

Cal. pH 4 Buffer pH 7 Buffer pH 10 Buffer
Standard
Date Air Sat./
Known Lot# | Exp. | mV | Lot# | Exp. | mV | Lot | Exp. | mV
Date +133§ Date 035 # Date 138

Slope
%

Initials

Calibrate daily prior to field visit. If calibration value not met, re-test; check for low battery; use different
standards and repeat measurement; don't move cords. Sensor may no longer calibrate after 6-12 months.

Change batteries at beginning of season and as needed.






YSI pH 20Meter Cable Calibration Log

Date

Maintenance

Description

Initials





















Standard Operating Procedure #6:
Field Measurements and Water Sample Collection

Introduction

Field measurements should represent, as closely as possible, the natural condition of the surface
water at the time of sampling. Experience with and knowledge of the sampling equipment and the
collection, storage, and processing of water samples for subsequent laboratory analyses are
critical for collecting data of high quality. To ensure consistent, high-quality data, always:

Make field measurements only with calibrated instruments that have been error-checked.
Maintain a permanent log book for each field instrument for recording calibrations and
repairs. Review the log book before leaving for the field. This book should also be used
for recording results of pre-and post-calibration checks as well as housing copies of
results from alternate measurement sensitivity (AMS) checks, if applicable.

Test each instrument (meters and sensors) before leaving for the field. Become familiar
with new instruments and new measurement techniques before collecting data.

Have backup instruments readily available and in good working condition, whenever
possible.

Follow quality assurance/quality control procedures in SOP #15. Such protocols are
mandatory for every data collection effort, and include practicing good field procedures
and implementing quality-control checks. Make field measurements in a manner to
minimize artifacts that can bias the result. Check field-measurement precision and
accuracy (variability and bias).

Daily Field Activities, Field Measurements and Collecting Samples
The following is a sequence of activities during a water quality monitoring field day:

1)
2)
3)

4)
5)
6)

7)
8)
9)
10)

11)
12)

13)

Complete pre-departure activities checklist.

Review the checklist of field gear.

Drive to boat landing. Load boat with sampling gear, launch boat, and navigate to
monitoring site. Set up on the boat for sampling.

Verify correct monitoring site location with depth or GPS coordinates.

Fill out a new field sheet for each monitoring site, printed on waterproof paper.
Implement field methods and water samples per SOP #6: Field Measurements and
Water Sample Collection. Collect water samples from the greatest depth last (usually
the bottom).

Be sure that all samples are correctly labeled and preserved on ice.

Verify that the field form is completely filled out, and initial the form.

If sampling from more than one monitoring station in a day, go back to step 4.

Upon return to shore, inspect boat, trailer, and all equipment that has come into contact
with the water for invasive species. Follow decontamination procedures per SOP #4.
Return to office or lab.

Clean sampling equipment per SOP # 4: Decontamination to Remove Exotic Species.
Rinse sensors with deionized water.

Processing samples per SOP # 8: Processing Water Samples and Analytical Laboratory





Requirements. Refrigerate or freeze samples, as required.
14) Enter data into SWIMS as soon as possible after collecting field data and receiving
results of laboratory analyses.

Monitoring Site Methods and Recording Field Information

Upon arrival at the monitoring site(s), numerous observations and data measurements will be
recorded, and water samples will be collected. Record the following on the Lakes WQ Monitoring
Field Sheet:

Lake and Site Location (such as “Deep Hole,” “South Basin DH”, etc.).
Landing Time: Launch and Departure
Depth at Location (accurately measure the depth using the hand-held depth finder)
Date and Sampling Site Time: Arrived/Departed
Field Staff
Secchi readings
e Instrument and Calibration (Cal) Date
e Barometric Pressure (mmHg) and Air Temp (C)
e Water Sample Type: (I-tube, Grad sample, Kemmerer)
e Kemmerer Depths (m)
e Water Sample Times
In addition, you will record general observations which may be useful in interpreting water quality
information. These include:

e Water Condition (cond.): clear or murky (high amount of suspended matter) and water
color

e Odor detected (Y/N) such as sulfur, mustiness, sewage, chemical, or other.

e Profile measurements at 1 meter intervals for temperature, DO, pH and
conductivity.

e Current weather including percent Sky cover and Wind condition.

e Recent rainfall and wind events (within past 48 hours) that may have impacted
water quality including: cold front, lack of precipitation, or heavy precipitation.

e Biological activity including wildlife observations (such as fish, birds, or spawning)
and excessive aquatic plant or algal growth. The observation of water color and
excessive algal growth is important in explaining high chlorophyll-a values.

e Lake activities such as inlet/outlet stream activity, shoreline mowing, new construction,
high densities of fast moving boats or personal water craft close to shore, irrigation, etc.

Measurement of Field Parameters: Depth Profile and Secchi Transparency

Field measurements must be collected from an undisturbed area. The YSI must be calibrated daily
and allowed to stabilize at the field site prior to data recording. QC measures include replicate
reading at each lake once per month; replicate temperature should be within +1° C and Dissolved
Oxygen and Specific Conductance values should agree within £10%. The pH replicate should fall
within £0.05 pH units. A Secchi disk is used to measure the water transparency or clarity (See
SOP #7 for Secchi Disk Sampling).





Summary of Depth Profile Method

1.
2.

o Uk w

10.

Record site information, general observations, weather, and wind conditions.

Use a multi-parameter sampler or sonde to measure temperature, DO, pH and conductivity at 1
meter (m) intervals at the deepest hole in the lake and any additional monitoring sites.

Turn the equipment on and enter the proper lake, site location and date.

Attach the sonde cable to a measured rope in 0.5 m increments.

Lower the sonde into the water just below the surface.

Wait for the DO value to stabilize. Since DO takes the longest to stabilize this assures all
parameters have equilibrated.

Record the measurements for temperature, DO, pH and conductivity from just below the
surface, at 1m intervals, down to 0.5 m above the bottom.

Once the profile is completed, take another DO measurement at the surface and compare it to
the initial reading to see if the probe is functioning correctly and holding calibration.

If the lake is thermally stratified, note the top and bottom of the metalimnion based on the
temperature readings (thermal discontinuity accepted as a change of >1° C per meter depth).
The meters and probes are delicate; take care to avoid putting the probe into contact with the
bottom. An accurate measure of the site depth will help prevent this scenario.

Equipment and Supplies

e SOEI - Northland college Lake Water Quality Monitoring Field Data Sheet

e Depth Finder (hand-held or boat mounted sonar)

e Measured rope (30 m, marked in 0.5 m intervals)

e Multi-parameter sampler or sonde including temperature, pH, DO, and Conductivity probes

Water Sample Collection

Collect surface water sample(s) with an integrated sampling tube for 0-2 m samples and a
Kemmerer for metalimnion and near-bottom samples. On the field data sheet, record information
related to the sample collection.

Always keep the following in mind:

e Sample containers should be labeled in advance with permanent marker. Layout on bottle:

Client Sample ID Depth of sample Analyte
Sampler Initials Date Time of Sample
[ ]
e To ensure the integrity of the sample, be aware of possible sources of contamination.
e Use appropriate procedures and quality-assurance measures that ensure sample
representativeness and integrity and that meet study criteria.

Sample Bottles

Surface Metalimnion Hypolimnion
Chlorophyll a (1000 mL) Total P (250 mL square) Total P (250 mL square)
Total Nitrogen (500 mL square) SRP (250 mL round) SRP (250 mL round)

Total Phosphorus (250 mL square)
SRP (250 mL round)





Sample Lakes

Lake Site ID Code

Samples Required

Big Lake Deep Hole BIGDH Sur, Hypo
Mamie Lake MLDH Sur, Hypo
West Bay WBLDH Sur, Hypo
Namakagon Lake Deep Hole NAMDH Sur, Hypo
Garden Lake GDL Sur, Hypo
Jackson Lake JKL Sur, Hypo
Lake Owen North Basin (Site D) LONBD Sur, Meta, Hypo
Lake Owen South Basin (Site B) LOSBB Sur, Meta, Hypo
Nebagamon Big Bay NEBBDH Sur, Meta, Hypo
Nebagamon South Basin NESB Sur, Meta, Hypo

Summary of Method
Collect Field Blanks for Lab, Carboy, and Kemmerer first followed by lake samples.

1. Rinse Total Phosphorus BLANK sample bottle with DI water three times and fill
with DI water. Fill LABFB sample. Place on ice in cooler.

2. Rinse Carboy three times with DI water. Place DI water in carboy and fill CARFB
bottle. Place on ice in cooler.

3. Rinse Kemmerer three times with DI water. Place DI water in the Kemmerer and fill
KEMPFB bottle. Place on ice in cooler.

4. Rinse all surface water bottles and caps three times by removing cap, filling bottle
with approximately 50mL of surface water, capping it and shaking the bottle.

Pour water off down wind.
Rinse the 10L Nalgene carboy accordingly.

7. Collect surface water samples using an integrated sampler. The device is a PVC tube
6.6 feet (2 meters) long with an inside diameter of 1.24 inches fitted with a PVC cap
on one end. This allows water collection from the upper two meters of the water
column (within euphotic zone).

8. Remove the cap and rinse the sampler submerging it vertically in the lake three times.

9. With the cap off, slowly lower the sampler into the water as vertically as possible until
the upper end is just below the surface.

10. Cap and slowly raise the sampler.
11. Dispense the contents of the sampler into the rinsed 10L carboy.
12. Use the spigot on the carboy to fill the surface water sample bottles.

13. Pour into one 1000 mL bottle chlorophyll-a, one 500 mL bottle Total Nitrogen, one
250 mL bottle Total phosphorus, and one 250 mL bottle SRP.





14.
15.
16.
17.
18.
19.

20.
21.
22,
23.
24,
25.

Record sample time on bottle and data sheet.

Place samples on ice in cooler.

Use Kemmerer to collect middle and bottom lake samples.

Pull white caps of Kemmerer in opposite directions until it snaps in the open position.
Make sure that the valve is closed on the bottom.

Lower the Kemmerer into the metalimnion layer and then 0.5m from the bottom for
bottom sample.

Send the messenger weight down the rope line to close the kemmerer.
Rinse sample bottles with middle and bottom water 3 times.

Fill bottles close to the top.

Record sample time on bottle and data sheet.

Store samples in cooler on ice.

Complete the Chain of Custody sheet for the lab.

Equipment and Supplies

e SOEI Lake WQ Monitoring Field Data Sheet

e Depth Finder (hand-held or boat mounted sonar)
e Measured rope (30 m, marked in 0.5 m intervals)
e 2-meter Integrated Sampler Tube

e HDPE bottles (250 mL, brown) — TP & SRP

e HDPE bottle (500 mL, brown) — Total Nitrogen

e Poly bottle (1000 mL, brown) — chlorophyll A

e Wetice & Cooler

Water Sample Preservation, Handling, and Transport to ARELab

General Steps for Sample Preservation and Transport back to the Lab:

All data should be recorded clearly on SOEI Lake WQ Field Data Sheet. If an incorrect entry is
made, a single line should be drawn through the incorrect entry and the correction made. All
corrections should be initialed and dated. The completed field forms will be maintained in the
Lake WQ Monitoring binder until the data is entered into SWIMS and SOEI database, then data
sheets are scanned and electronically filed. Field data are reviewed regularly by personnel (see

1. Ensure that all samples are labeled and all labels are completely filled in.
2. Record all sample collection dates on sample bottles and field data sheets.

3. For the phytoplankton sample, add 5 mL of Lugol’s solution to the 1 L phytoplankton bottle.
Cap the bottle and invert until well mixed. The sample should resemble the color of weak

tea. If needed, add additional Lugol’s 2-3 mL at a time.

4. Seal all caps tightly and place in the cooler and surround and cover the samples with wet

ice.

5. For the nutrients sample, when you return to the lab, add acid from an ampoule to the

water to stabilize the sample. Dispose of ampoule properly.

SOP #11: Data Entry and Management, for details).





Phytoplankton Collection
The objective is to sample a sufficient volume of water to obtain at least 300 organisms per sample
from all but the most oligotrophic lakes.

Summary of Method

A single tow is taken of the sample site water column using a mesh (63 um) Wisconsin net with
sample bucket attached at the end and a single tow is taken of the sample site water column using a
mesh (20 um) Wisconsin net with sample bucket attached at the end.. Lower the net over the side
of the boat in a constant upright position to within 0.5 m of the bottom. Raise the net vertically
back to the surface at a steady rate. Spray lake water against the outside of the net with a squirt
bottle to release organisms inside the net into the bucket. Transfer the sample from the bucket to a
125 mL sample container. Narcotize the organisms with carbon dioxide and preserve each sample
with 95% ethanol. If the sample site is less than 2 meters deep and the Secchi disk can be seen at the
bottom, a second tow is made and the samples are combined.

Sample Collection
1. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton nets and

buckets with DI water.

Carefully inspect the nets and buckets for holes or tears.

Attach the collection bucket to the end of the net and secure.

Attach the plankton net to a calibrated line with markings every 0.5 m

Carefully lower the net over the side of the boat in a constant upright position to within 0.5

m of the bottom.

Retrieve the net by pulling back to the surface at a slow, steady rate without stopping.

7. Once at the surface, slowly dip the net up and down in the water without submersing the net
to rinse contents into the collection bucket.

8. Complete the rinsing of the net contents by spraying lake water against the outside of the net
with a squirt bottle or similar tool. Be careful not to splash or squirt lake water into the net.

9. |If additional rinsing is needed on the interior of the net, use a squirt bottle with DI water
only to avoid introducing additional organisms.

10. Once all organisms have been rinsed into the collection bucket, hold the collection bucket in
a vertical position, and carefully remove the bucket from the net.

11. Concentrate the contents of the collection bucket by swirling the collection bucket without
spilling the contents. Excess lake water will filter out of the bucket from the screened sides.

arwN
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Equipment and Supplies
e SOEI Lake Zooplankton Sample Collection Data Sheet
e Depth Finder (hand-held or boat mounted sonar)
e Measured rope (30 m, marked in 0.5 m intervals)
e Plankton Net (100 um) and collection bucket
e Funnel
e Squirt Bottle (1 L Nalgene) — de-ionized water and Squirt Bottle (1 L Nalgene) — lake water
e CO,(Alka seltzer) tablets
e Pail (narcotization chamber)
e HDPE bottle (125 mL, white, wide-mouth)
e Ethanol (95%)
e Wetice & Cooler





QA/QC (Should I call this section: Re-Sampling (do we even need to re-sample?))
At resample site lakes, collect additional zooplankton samples following the method described
above and detailed in SOP # (different net design, mesh sized, and cumulative tow length).
Results from this set of samples will be compared to previous zooplankton samples and potentially
serves as a means to calibrate the 2012 and 2007 results. Do we need this?

Phytoplankton Sample Preservation, Handling, Transport to Lab

1. Set the collection bucket in a pail filled half full with lake water. Add 2 CO2 alka-
seltzer) tablets. Ensure that the organisms in the collection bucket are submerged in
the water, but do not submerge the top of the collection bucket. Wait until
zooplankton movement has stopped (usually about 1 min).

2. Check the sample label on the bottle to verify which sample has been collected
(coarse or fine mesh).

3. Use small volumes of DI water from a squirt bottle to rinse the contents of the
mesh net collection bucket into the 125 mL polyethylene bottle. Rinse the
collection bucket with DI water three to four times or until the majority of
zooplankton have been removed without allowing the bottle to fill more than half
full (~60-70 mL of sample and rinse water combined). After the zooplankton has
been transferred and the sample bottle is half full with sample, fill the bottle to the
shoulder with 95% ethanol. Use a funnel if necessary.

4. In some cases, the volume of zooplankton collected in the collection bucket may
exceed 125 mL. Do not try to force the entire sample into a single bottle, or the
preservative will not function properly and the sample may be lost. In such cases,
fill the first bottle half full, and then use a second bottle to preserve the additional
amount of sample. Use an “extra jar” label (i.e., one with no sample number
printed on it). Complete the label with sample number, location, date, and time.

5. Record the sample ID number and check on the form that it is preserved.
6. Verify that all information on the labels and the form is complete and correctly recorded.
7. Seal all caps tightly and place in the cooler and surround and cover the samples with wet ice.

All data should be recorded on WQ Field Data Sheet. Use a single line through an error; initialed
and dated. Data will be entered into SOEI database, then data sheets are scanned and filed
electronically. Field data are reviewed regularly (see SOP #11: Data Entry and Management).

Equipment and Supplies
e SOEI Lake Zooplankton Sample Collection Data Sheet
e Depth Finder (hand-held or boat mounted sonar)

e Measured rope (30 m, marked in 0.5 m intervals)
e Plankton Nets (23um & 63 um) and collection bucket and funnel

e Squirt Bottle (1 L Nalgene) — de-ionized water and Squirt Bottle (1 L Nalgene) — lake water
o CO,(Alka seltzer) tablets

e Pail (narcotization chamber)

e HDPE bottle (125 mL, white, wide-mouth)

e Ethanol (95%)

e Wetice & Cooler
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Standard Operating Procedure #7: Secchi Disk
Sampling

Secchi Disk Transparency Method
A Secchi disk is a black and white patterned disk used to measure a lake’s clarity.

Metal or Plastic Disk

Eye Bolt

T Metal Weight

Use a 20 cm (8 in diameter) black and white Secchi disk and do not wear sunglasses while
conducting the measurement.

Lower the disk vertically into the water from the shaded side of the boat until it disappears then
raise it until it reappears.

The mid-point between the two, measured to the nearest 0.1m, is the 1*' secchi reading.
Repeat the procedure and record the measurement as the 2" reading.

Then average the two readings and this is clarity reading for the monitoring site on this day.

Quality Assurance (QA): At a minimum, replicate Secchi readings at every tenth site. Because of
the apparent ease of this measurement yet its potential difficulty in less than ideal conditions, all
field crew members should take this measurement at each site for at least the first round of
sampling. The crew should not reveal their value until all are finished and then all values should be
recorded and compared. Values should agree within + 10% for Secchi measurements <5 mand +
0.5 m for greater values.

Equipment

e SOEI Lake WQ Monitoring Field Data Sheet
« Secchi disk with attached rope 18m rope marked to 10 min 0.1 and 1.0 m increments





Standard Operating Procedure #8: Processing Water
Samples and Analytical Laboratory Requirements

Introduction

As part of our water quality monitoring program, we will collect water samples for analysis of
basic limnological parameters that may respond to stressors such as land use, recreational activity,
and atmospheric deposition. Water samples will be processed at Northland’s state-certified
Applied Research and Environmental Laboratory (ARE Lab). This standard operating procedure
(SOP) is designed to provide detailed instructions on the handling and processing of water
samples prior to analysis by the ARE Lab.

We will collect water in the field for the analysis of the following parameters:
e Nutrients: total phosphorus (TP) and total nitrogen (TN)
e Total chlorophyll-a
e Soluble Reactive Phosphorus (SRP)

Water quality variable frequency and sample depths are listed below. Surface samples are collected
with a 2 m integrated sampler and metalimnion and bottom samples are collected using a Kemmerer
water sampler from May-October.

Water Quality Variable Frequency Depth (Strata)

Chlorophyll a 2x/ month Surface

Total Nitrogen (TN) 2x/ month Surface

Total Phosphorus (TP) 2x/ month Surface, Metalimnion, Bottom
Soluble Reactive Phosphorus (SRP) 2x/ month Surface, Metalimnion, Bottom

Sample Handling and Processing Procedures

The following general techniques will be observed throughout the procedures
1. Keep all water samples cool and dark until processing is complete and samples are
shipped to the analytical laboratory.

2. Use only clean sample bottles supplied by the ARE Lab.

3. Rinse filtration equipment with deionized water (DIW) three times and collect field blank at
the first water sample collection site of every field day.

4. Avoid touching the inside of sample bottles and filtering apparatus, tips of forceps, and
filters to prevent contamination of the samples.

5. Prepare QA/QC field blanks in the same manner as regular samples, using water from
the same sample collection container.

6. Ensure all sample bottles are labeled correctly, completely, and legibly and that they match
the Chain of Custody.





Summary of Analytical Methods
The table below summarizes samples that will be analyzed by the ARE Lab including the analyte,
volumes, preservation techniques, and holding times for water samples addressed in this protocol.

Examples of analytes, volume requirement, preservation method, and holding times.

Analyte Volume (mL) Preservation Hold Time
Chlorophyll a <1L Freeze filter 30 day
DOC 125 pH < 4 H,SO, 28 days
4°C
TP 120 mL MgCl 4°C 30 days
4°C [H,SO4 48 h / 30 days
pH <2 HNO3 6 months
TN 120 mL 4°C [H,SO4 48 h / 30 days
4°C 7 days
Filter 100 days

Quality Assurance/Quality Control

Quiality assurance/quality control refers to activities that ensure measurements are accurate and
precise. These methods typically involve comparing the sample to a set of known samples for
estimating accuracy and replicating the measurement to estimate its precision.

In the context of field sampling and processing, quality assurance protocols are meant to ensure
that data collected are as representative of the lake site as possible. Such procedures include
implementing good field procedures and quality-control checks, careful post-collection processing
of water samples to minimize artifacts due to contamination or mislabeling, proper storage and
preservation techniques while in transit to a laboratory, and proper QA/QC by the laboratory itself.

Quality assurance at the batch level (within the laboratory) is accomplished by using proper
techniques and collecting a field blank for Total Phosphorus on each sampling day.

The most important aspects of quality control in the collection of water quality samples are: 1)
Samples collected should represent the lake site at the time the samples are collected, and 2) the
integrity of the samples collected is not compromised by contamination, misidentification, or
improper sample handling or preservation.

To help meet these quality control aspects, the transport and tracking of the samples from the field
to the ARE Lab is critical. Each set of samples will include a Chain of Custody Form (COC).





Standard Operating Procedure #7: Processing Water Samples and Analytical Laboratory Requirements, Version 1.1

Attachment B. Applied Research & Environmental Laboratory chain of custody & analysis request

CHAIN-OF-CUSTODY RECORD AND ANALYSIS REQUEST

Project name: CLIENT NAME ANALYSIS TYPE REQUESTED
4 Total Temperature
Project ID: TN TP @ TSS
) ADDRESS Alkalinity on Receipt:
: NO,-N  Ortho-
SAMPLER'S SIGNATURE PHONE # Sulfate vSS
P NOs-N SRP
SAMPLE TYPE 5 > o Chloride | Chloro-a
= c £ b=
SAMPL 2| 8 8lg,. £| 2| B |NHeN
SAMPLE LOCATION DATE TIME S| =2 cl£8 3] 8| o
EILD.# o S 8 o = .
O g Y L Remarks:
Relinquished by: Date: Time: Received by laboratory: Date: Time:
Relinquished by: Date: Time: Received by: Date: Time:

Container Type (G - Glass, P - Plastic) Preservative (I - Ice, S - H2504, H - HCl)











Standard Operating Procedure #9:
Shoreline and Habitat Assessment

The Sigurd Olson Environmental Institute conducts shoreline and littoral vegetative habitat assessments to better
understand and characterize the near-shore habitat on northern Wisconsin lakes. Vegetation conditions and
characteristics are observed within a defined, visual transect on parcels. There are two types of habitat
assessments conducted on each lake, the “Big 10” and the “All Parcel.”

1. Big Ten - 10 Physical Habitat Stations (PHabs) are mapped evenly spaced around the lake, and
detailed conditions of the littoral, shoreline, draw-down, and riparian habitat cover and structure
are documented.

2. All Parcel — on each parcel, an Upland, Shoreline, and Littoral plot is observed and each area is
ranked as ldeal, Very Good, Marginal, or Poor through a field assessment.

1. Physical Habitat “Big 10" Characterization

The first site is selected at random, and remaining stations are EVENLY spaced from one another, do this by GIS
or digital mapping PRIOR to the sampling visit. Should re-assessment be random or back to the same sites?

If Phab station is inaccessible, eliminate that site depending on the size of the lake.

Summary of Method
The drawing below displays an example of the Big 10 habitat stations around the lake.

Develop 10 evenly spaced PHabs on lake and assign a station letter of A-J.
Load lake parcel maps on GPS with PHab Stations identified (A-J)
Navigate by boat, to the 10 PHab sites

Observe a 15 meter wide VISUAL transect that includes:

1) Shoreline assessment 1 meter at the shore just above the present water line

2) Littoral assessment extending 10m lake-ward from the shoreline

3) Drawdown assessment extending inland from the water’s edge to the Ordinary High Water
Mark (OHWM), or place on the bank or a structure where water has left a distinct mark

4) Upland assessment extending from the OHWM inland 15 meters

15 meter wide transect

Example:
Upland Zone 15m landward from OHWM

from water’s edge to normal OHWM
Drawdown

e <—— Shoreline 1m at shore just above water

Littoral Zone .
i 10m out from the shoreline

"

ere we observe





Field Observations (% estimate) to record on data sheets:

e Shoreline: Bank Angle/Surface

o Littoral: Substrate & Macrophytes

e Littoral: Structures, Alteration, etc

e Upland & Drawdown (if present): Canopy, Understory & Groundcover (% cover)
The Big 10 data sheets also ask for lake depth at the site and whether there is drawdown or shoreline
flooding present. Drawdown refers to exposed lakebed where the water level has temporarily dropped.
Shoreline flooding refers to areas periodically inundated with water (seasonal). It is likely that neither
condition will be present.

2. Physical Habitat “All Parcel” Characterization

Every parcel on the lake is observed from a 15 meter wide VISUAL transect in the center of the parcel (same as
for Big 10; see drawing above). The Upland, Shoreline, and Littoral plots are ranked by number based on the
categorical conditions listed on the All Parcel Assessment Field Habitat Description sheet. Conditions account
for presence/absence of canopy vegetation, shrub and groundcover coverage, human disturbance, and erosion.
Each transect plot is ranked into a category of Ideal, Very Good, Marginal, or Poor through the field assessment.

Summary of Method

» Navigate to each parcels on the lake using the parcel maps that were loaded on the GPS
» Observe a 15 meter wide VISUAL transect that includes:
1) Littoral assessment extending 10m lake-ward from the shoreline
2) Shoreline assessment 1 meter at the shore just above the present water line
3) Drawdown assessment extending inland from the water’s edge to the Ordinary High Water
Mark (OHWM), or place on the bank or a structure where water has left a distinct mark
4) Upland assessment extending from the OHWM inland 15 meters

Field Observations (assign number value) to record on data sheet:
» Rank each Upland, Shoreline/Riparian, Aquatic/ Littoral plot by number
*  Number based on the categorical conditions All Parcel Habitat Description
» Categorize each plot based on the number assigned to it:
* Ideal (10-12)
» Very Good (9-7)
» Marginal (6-4)
» Poor (3-1)

Basic Lake Information, Site Activities & Human Disturbance
This is completed at the end of the lake assessment. General information is recorded (Lake Type, Surface Odor,
Boat Density, Surface Conditions, etc). Additional observations are assigned a number based on percent:

» Site Activities & Human Disturbance (Residential, Recreational, Agricultural, Industrial)

» Shoreline Characteristics (Forested, Wetlands, Developed, Agricultural, etc)

» Aguatic Vegetation (% Floating, Emergent, and Submerged)

e Waterbody Character (Pristine, Disturbed, etc)

Field Data Collection:
» Fill out each data sheet completely
* Big 10 Physical Habitat Assessment (Shoreline, Littoral, Upland & Drawdown plots)
* Big 10 Invasive Plant & Animal Assessment Form
o All Parcel Habitat Assessment Form





» Basic Lake Information, Site Activities & Human Disturbance (completed at end of assessment)

Equipment

» Boat & Personal Floatation Devices

« GPS

* Big 10 Shoreline & Littoral Habitat Assessment data sheet

* Big 10 Upland & Drawdown Habitat Assessment data sheet

* Big 10 Invasive Plant & Animal Assessment data sheet

» All Parcel Habitat Assessment data sheet

» All Parcel Habitat Assessment Field Description sheet

» Basic Lake Information, Site Activities & Human Disturbance data sheet

Method

It is important that you set up PHab stations beforehand in the office to minimize bias in site selection
and to ensure efficient location of stations once at the lake.

1) Using a lake map, select a random starting point on the lake outline. Any reasonable method
may be used select the starting point this is your “A” station.

2) It is important that the remaining nine stations be located at equal distances around the lake.
These will be your “B” through “J” stations. This can be done manually (using a string to trace
the perimeter of the lake, which can then be straightened and marked in equal intervals), or
with GIS or other digital mapping tools, to measure the perimeter and divide by 10.

3) Using a GIS or other digital mapping tool application to locate the coordinates of the ten
stations that can then be entered as GPS waypoints greatly facilitates correctly locating
PHab stations by boat in the field, especially on large lakes.

4) Mark the physical habitat stations on a site map.

Note: In re-samples, you will re-randomize and relocate the physical habitat sites. This is
done to examine variability of the entire lake assessment.

Using the site maps and GPS, proceed by boat around the lake, locate, and stop at each of the
10 PHab stations. Position the boat at a distance of 10 m, anchor if necessary, and make the

semi-quantitative measurements on the Physical Habitat form. Complete a separate Physical
Habitat form for each station.

Make every reasonable attempt to record physical habitat observations and measurements for
all 10 PHab stations.

Shoreline and Station Location Adjustments

Once in the field, you may encounter situations that require you to modify the shoreline
and/or station location(s) from the intended locations marked on the site map. If this occurs,
make the corrections and adjustments on the Physical Habitat form and note the reasons on
the comments section of the form. The general guidelines for locating or modifying the
location of the littoral and shoreline stations are summarized below.

1. Locate station using maps, aerial photos, or GPS units.

2. Define shore as either the current waterline OR the boundary between open water and

the edge of dense vegetation (terrestrial, wetland, or emergent vegetation) or extensive





very shallow water (shoreline defined by limit for navigating your boat).

3. If the shoreline observed in the field differs from the mapped shoreline: mark “Station
Relocated” and enter a comment on the Physical Habitat form stating the apparent
reason (e.g., drought, flooding, dredging).

4. |If a PHab station is lost because of shoreline changes: mark “Station Relocated” at the top of the

Physical Habitat form, and position one or more new stations at approximately equal
intervals.

If a station is eliminated, mark the “Station Dropped” box.

If the shoreline observed in the field differs radically from the site map and you are
sure you are at the correct lake, sketch a map of the lake or use one of the maps from
your site packet. Use a string to measure the new outline, divide it into 10 equal parts,
and lay out the 10 station locations.

Islands

Islands may be an additional source of shoreline habitat on a lake and we will account for
them by adding island physical habitat stations. Island stations are in addition to the A-J
stations. The guidelines for adding island stations follow:

» |f the shoreline of an island makes up 10-20% of the lake’s shoreline, add one PHab
station (A-K)

» |f the shoreline of an island makes up more than 20% of the lake’s shoreline, add
one more PHab station (A-L)

» |sland stations are designated by marking the “Is it an island?” bubble on the form,
by a new station letter (K, L, etc), and by marking the island location and station
on a site map.

Ambiguous Shorelines

The shoreline is defined as the interface between “lake-like” conditions and riparian or wetland
conditions. In most cases, the shoreline will be easily identified as the current waterline. In some
instances, however, the shoreline might not be obvious. Listed below are some general situations and
rules that should be applied to them.

» |f there has been a significant drop in lake level due to drought, dam repair, or
other reasons, shallow areas may be exposed that are usually covered with
water. In this case, consider the current waterline as shoreline for the purposes
of this survey, not the normal waterline.

= |f there are extensive very shallow areas or shoals, consider the shoreline to be the
boundary between the shallow area and deeper open water, as defined by ease of
access by a small sampling boat.

= |If access to the true shoreline is prevented by an area of dense aquatic or
terrestrial vegetation, consider the shoreline to be the boundary between the
vegetation and deeper open water. Again define the operational shoreline by
ease of access by small sampling boat.

= |fariver or stream enters a lake, the shoreline begins where no flow is visible.
Actual shoreline is different than appears on the map

The goal of the physical habitat survey is to characterize the lakeshore based on observations of
conditions at 10 evenly spaced PHab sites around the lake. Adjustments to station locations might be





needed if the field crew runs into unusual conditions or problems. Below are some rules concerning
modifications to the station location(s).

= |f only a small portion of the shoreline differs and it does not affect, or only
slightly affects, a PHab site location, sketch the lake shoreline on the site map and
reposition the station (if needed).
» If the difference causes a contraction of the shoreline and a PHab station
location is lost, sketch the lake shoreline on the site map and make a decision
to (a) keep the station, relocate it on the revised shoreline map and adjust
some or all other stations in order to keep stations evenly spaced around the
lake (i.e., keep 10 stations), or (b) eliminate the station altogether (i.e., reduce
the number of stations).

= |f the difference causes an expansion of the shoreline, the crew should sketch the
lake shoreline on the site map and make a decision to (a) add one or more
stations, mark them on the revised shoreline map and adjust some or all other
stations if needed so they are evenly spaced around the lake (i.e., designate
more than 10 stations), or (b) adjust the stations so that they are evenly spaced
around the lake (i.e., keep 10 stations).

= If the Site Map does not in any way match the lake shoreline, draw a
new sketch map approximating the shoreline, and re-establish the 10
PHab stations. A quick way to locate 10 evenly-spaced PHab stations is
to: (a) lay a piece of string on the lake perimeter, (b) pick up the string,
measure it, and mark out 10 equal parts, and (c) lay the string back on
the perimeter and use the marks to locate the 10 sites on the map.

PHab Station is inaccessible

If a PHab station is inaccessible, you must make a decision to (a) relocate the
station and adjust some or all other stations so that they are evenly spaced around
the lake (i.e., keep 10 stations), or (b) eliminate the station altogether (i.e., reduce
the number of stations). The size of the lake will help drive this decision.

Draw all adjustments to the shoreline based on field observations directly on the
Site Map and explain the adjustments in the comments section of the Physical
Habitat form.

Identifying Relocated and New Stations on the Form
Use the following notations when recording station location modifications.

If you relocate a station, note the new location on the Site Map and check the
appropriate original station letter (e.g., “C”) on that form. In addition, check the
box for the station letter on the Physical Habitat form and check the box for
“Station Relocated.”

If a station is lost and cannot be replaced, cross out the original station location on
the pre- printed Site Map and check the box for “Station Dropped” on the
Physical Habitat form.

If you add one or more stations, indicate the nearest station locations on the Site
Map, and fill in the box for “New Station” on a blank Physical Habitat form.

Establishing the Physical Habitat Plot

You will establish a plot for physical habitat characterization at each PHab station. You will
make most observations and measurements of the shoreline from the boat at the observation





point 10 m from shore (estimated by eye). Limit observations at each station to the area that
is within the defined plot dimensions. After setting plot dimensions, you may need to move
around within the littoral plot to see or probe the bottom or even go onto shore to make
observations.

Physical Habitat Plot Dimensions
You will identify up to four distinct zones within each physical habitat plot where you
estimate the zone dimensions by eye.

Littoral
This within lake zone is a fixed size that is 15m wide along the shoreline and 10m out into
the lake.

Shoreline

The shoreline zone is a fixed 15m wide strip along the shore just above the present water line
and 1 m inland. The shoreline boundary is defined as the approximate interface between
"lake-like" conditions and riparian or wetland conditions. In cases where the lake shoreline is
not obvious (e.g., where there is evidence of large seasonal change in lake level) define the
shoreline as the current waterline. In cases where the lake shoreline is not visible, define the
lake shoreline as the approximate boundary between open water and swamp or marsh
conditions into which your boat could not easily move.

Drawdown

When present, the drawdown zone plot has a fixed width (15 m) but a variable extent inland
determined by your judgment and measurement of the horizontal drawdown distance from the
shore to the normal high water mark at the station.

Riparian

The riparian zone is a fixed size that runs 15m parallel to the shoreline and extends 15m from the
normal high-water mark inland.

General Observations
Note: At the PHab station J, collect samples from the water column (Sections 6.3 and
6.4) before conducting the habitat characterization at that station.
Begin the physical habitat characterization with general observations.

1. Set up your plot within your physical habitat station

2. Measure and record the lake depth 10 m from the shore at each PHab station
(observation point). Note the new location on the Physical Habitat form if the point
has to be relocated for some reason.

3. Note on the Physical Habitat form whether there is shoreline flooding. If so, estimate
the depth and the horizontal distance of flooding. A lake at normal high-water level at
the time of sampling will have these sections left blank for height and distance.

4. Note on the Physical Habitat form whether there is drawdown. If so, estimate and
record the vertical (height) and the horizontal (distance) distances between the
present lake level and the normal high water line. Your measurement or estimate of
horizontal drawdown distance will set the inland extent of the drawdown portion of
the PHab field plot. The vertical height can be measured using the clinometer as a
level in combination with the survey pole, or by visual estimation. Similarly, the





horizontal distance up the bank between current lake level and the evidence of the
normal high water level is usually done using a laser range finder. A lake at normal
high-water level at the time of sampling will be left blank for both drawdown height
and horizontal distance.
Also record the bank angle description that best reflects the current shoreline that is
dominant within your field of vision in the 1 meter shoreline zone:

a. Near vertical/undercut (>75 degrees),

b. steep (>30 to 75 degrees; need hands to climb up)

c. gradual, (5 to 30 degrees; can walk up)
d. flat (<5 degrees)

NOTE: This will be completed even if there is no drawdown.
Record the presence or absence of water surface scums, algal mats, or oil slicks
within the littoral zone.

Estimate Substrate Characteristics

You will use semi-quantitaitve categories to estimate cover for substrate types (e.g. bedrock, boulders,
cobble, gravel, sand, silt/clay/muck, woody debris, organic matter, and vegetation) and also for fish
habitat cover, aquatic macrophytes, and terrestrial vegetation. The categories are as follows:

= (0 =absent (0% cover)
» 1 =gsparse (<10% cover)
= 2 =moderate (10 — 40% cover)

3 = heavy (40 — 75% cover)
4 = very heavy (>75% cover)

When estimating cover mixtures of more than one class might all be given sparse (1),
moderate (2), or heavy (3) ratings. One dominant class with no clear subdominant class
might be ranked very heavy (4) with all the remaining classes either sparse (1) or absent
(0). Two dominant classes with more than 40 percent cover can both be given a 3.

7. Estimate the areal cover of bottom substrate types and particle size classes observed
within the littoral and the shoreline zones. Cover categories range from absent to very
heavy. Record all observations by filling in the appropriate bubbles on the Physical
Habitat form. In most cases these estimates can be made from the boat or can be
made while wading if preferred.

If the bottom substrate is not visible, you should probe the bottom beneath the boat
with the sounding rod (you may have to move closer to shore if you are too deep
to use the rod). Soft sediment can be brought to the surface for examination. Hard
sediments can be "felt" with the sounding rod. Sandy substrate can be "felt" or
"heard" by twisting the sounding rod and detecting grittiness. Estimating cover of
various substrate types will typically require multiple probes within the littoral
plot. If you have to move into shallow water to use the sounding rod to observe
sediment characteristics, flag the observation and record the depth where you
observed the sediment.

If the bottom is covered with materials other than mineral substrates, choose
“Woody Debris”, “Organic (leaf pack, detritus)”, or “Vegetation/Other”.

8. Record sediment color within the littoral zone. Select "None” or “Other" if the





sediment does not match one of the color categories options on the Physical
Habitat form.

9. Record sediment odor within the littoral zone. For sediment odor, the choices are
"H2S" (sulfurous, rotten egg), "Anoxic" (sewage odor), "Chemical" (strong odor like
turpentine, paint, etc.), "Oil", or “Other" (including musty, organic, and fishy odors).
If "Other" is indicated, explain the observation in the comment section of the form.

Estimate Aquatic Macrophyte Cover
10. Note and record whether macrophytes extend lake-ward from the observation point.

11. Estimate the areal cover of submerged, emergent (has erect portions above the water
surface), floating (either rooted or non-rooted vegetation), and total macrophytes
within the littoral zone. Cover categories range from absent to very heavy, as
described in 6.1.6. As for substrate, estimating aquatic macrophyte cover may require
multiple probes within the littoral plot. Record all observations by filling in the
appropriate bubbles on the Physical Habitat form. These estimates can be made from
the boat or while wading.
= |f you cannot see or probe the bottom, move closer to shore and note your new

location with a flag.

Estimate Fish Habitat Cover

Estimate the areal cover of potential fish habitat observed within the littoral and, when present,
drawdown zone(s). These features are within or partially within the water and conceal fish from aquatic
and terrestrial predators such as large fish, otters, kingfishers, and osprey. Cover categories range from
absent to very heavy, as described in 6.1.6. Record all observations by filling in the appropriate bubbles
on the Physical Habitat form. In most cases these estimates can be made from the boat. Estimating fish
habitat cover may require multiple probes within the littoral plot.

12. Estimate and record cover for the following fish habitat types:
= Aquatic and Inundated Herbaceous Vegetation: Submerged, floating, or
emergent live aquatic or non-woody herbaceous plants

» Woody Debris/Snags: Inundated or partially inundated dead trees, branches, or
rootwads with diameter >0.3 m (1 ft)

» Woody brush/woody debris: Inundated dead or living woody vegetation <0.3 m
diameter.

» |nundated Live Trees: Inundated portions of trees >0.3 m in diameter

= Overhanging Vegetation: <1 m from the water surface (do not include higher
overhanging vegetation, which might provide perches for birds such as
kingfishers)

= Ledges or Sharp Dropoffs: Overhanging banks, submerged rock shelves, and
steep sloping rock walls

» Boulders: Larger than basketball size

= Human Structures: Docks, barges, houseboats, swimming platforms, tires, car
bodies, and habitat enhancement structures (e.g., log rafts)

Note: In the drawdown zone you will estimate the potential fish cover (e.g., what cover would there be
if the drawdown zone were inundated — i.e., part of the littoral zone). The potential fish cover estimates
are made only if there is a visible drawdown zone. For the observations, the question is “What cover





would there be if the drawdown zone were inundated — i.e., part of the littoral zone. “ Then, for
example, a bunch of dried aquatic macrophtes would be “Aquatic and Inundated Herbaceous Veg.” —
So would newly-grown terrestrial grasses. Cyprus trees left “high and dry” would qualify as
“Inundated Live Trees >0.3m dia.” Overhanging vegetation rooted above the drawdown zone could be
“Overhanging Veg. within 1m of the Surface”.

Estimate the Cover and Type of Riparian and Drawdown Zone Vegetation

You will estimate the areal cover of different types of vegetation in the riparian and, when present,
drawdown zone(s). Vegetation cover is divided into three layers, which are described below. Note that
individual plants can contribute cover to more than one layer. Similarly note that some things other than
vegetation are possible entries for the "Ground Cover" layer (e.g., water or barren ground).

Canopy Vegetation (greater than 5 m high)

13. Record the type of vegetation in the canopy as deciduous, coniferous, broadleaf
evergreen, or mixed, where mixed is defined as a segment where at least 10% of the
areal coverage is made up of the alternate vegetation type.

14. Estimate the areal cover of big (trunk >0.3 m diameter at breast height) and small
(trunk <0.3 m diameter at breast height) trees. Cover categories range from absent to
very heavy, as described in 6.1.6. Record all observations by filling in the appropriate
bubbles on the Physical Habitat form.

Understory Vegetation (5m to 0.5m high)
15. Record the type of vegetation in the understory as deciduous, coniferous, broadleaf
evergreen, or mixed, where mixed is defined as above.
16. Estimate the areal cover of woody vegetation and tall herb grasses, and forbs. Cover
categories range from absent to very heavy, as described in 6.1.6. Record all
observations by filling in the appropriate bubbles on the Physical Habitat form.

Ground Cover (lower than 0.5m high)

17. Estimate the areal cover of woody vegetation; tall herbs, grasses, and forbs; standing
water or inundated vegetation; and barren, bare dirt, or buildings. Cover categories
range from absent to very heavy, as described in 6.1.6. Record all observations by
filling in the appropriate bubbles on the Physical Habitat form.

Considerations for Drawdown conditions

Drawdown Zone vegetation entries are located to the right of Riparian Zone Vegetation on the
Physical Habitat form. They are filled out only if there is a drawdown zone. Unlike the case
with potential fish cover, record these vegetation estimates just as you see them --- i.e., Do
not in this case imagine that the drawdown zone is under water. For Example: There must be
water on the ground (e.g., puddles) to have an entry for “standing water or Inundated
vegetation” in the drawdown zone. Trees and other vegetation are simply that --- they are not
entered as “standing water or inundated vegetation. Newly- grown grasses <0.5m high are
entered under “Herbs, Grasses, & Forbes” Newly-grown brush is entered according to its
size class and whether it is woody or not. Large trees rooted above the drawdown zone can
contribute cover over the drawdown zone. Dried aquatic macrophyte vegetation cover is
entered under “Herbs, Grasses, & Forbes” with comment that it is dried aquatic macrophytes.





There may be a lot of zeros for vegetation in the drawdown zone.

Record Evidence of Human influence
You will record any observations of human influences within the riparian and drawdown zones

within the physical habitat plot. When a drawdown zone is present, human influences within
the littoral plot are recorded in the drawdown portion of the Physical Habitat form. When there
is no drawdown zone, littoral entries are included in the riparian zone portion of the form.
Within each zone, observations are recorded as not present (0), present outside and/ or
adjacent to (P), or present within (C) the area. Record all observations by filling in the
appropriate bubbles on the Physical Habitat form.

= In the littoral zone, “adjacent” is defined as found within a hypothetical plot of
equal size to the right or left of the sampling plot. This plot will be 10m deep by
15m wide.

» In the drawdown zone, when present, “adjacent” is defined as found within a
hypothetical plot of equal size to the right or left of the drawdown plot. This plot
will be variable in depth, depending on the size of the drawdown zone, but will
always be 15m wide.

* In the riparian zone, “adjacent” is defined as found within a hypothetical plot of
equal size to the right, left, or behind of the sampling plot. The area defined as
adjacent to the riparian plot will each be 15m deep by 15m wide.

Do not mark "P" if it is already marked “C” in that zone (only mark the more influential). Human
Disturbances absent (0) and within-plot (C) are straightforward. For Present but outside or adjacent to
the plots (P), use these guidelines:

a) A disturbance is marked "P" if the disturbance is seen entirely outside of any
of the plot zones, but is adjacent to (i.e., abutting left or right hand side of the
entire Littoral- Drawdown-Riparian plot and is within 15m on either side).

b) A disturbance is marked "P" if the disturbance is seen entirely outside of any
of the plot zones, but is visible looking on-shore through the three plot zones
(Littoral, Drawdown, and Riparian)

c) So, asingle disturbance might be marked "P" in both the Riparian-

Littoral and the Drawdown zones.

d) If there is a drawdown plot, the presence of a human influence item
WITHIN THE LITTORAL PLOT is recorded as “C” in the
DRAWDOWN portion of the form.

e) If there is NO DRAWDOWN PLOT (ie., the riparian plot abuts on the water,
then human disturbances in the littoral plot are recorded by entering “C” in
the Riparian portion of the form).

Note: Typically only Docks/Boats, Landfill/Trash, and maybe Buildings (boathouses) will be
commonly observed within the drawdown plot and its adjacent littoral area. For example, if a boat is
laying aground in the Drawdown Zone, mark it "C" in the Drawdown Zone. A boat anchored offshore
in the littoral zone is also marked “C” for the drawdown plot, because the littoral zone in this case
abuts the drawdown zone. Record if any invasive plant or invertebrate species observed within the





PHab plot.

Individual Habitat Assessment

INDIVIDUAL HABITAT ASSESSMENT FIELD DESCRIPTION

Habitat Condition Category
Parameter Ideal Very Good Marginal Poor
Upland 90%+ upland area with Moderate to dense (70- | Established lawn with Native tree canopy, shrubs
(OHWM dense native canopy 90%) ground vegetation | moderate-dense (30- and groundcover vegetation
. . | trees, shrubs & ground and canopy trees w/ 70%) canopy trees; 0-30%; established lawn
inland 15m): species; or other natural shrub layer reduced; or | shrub layer absent; with few canopy trees, 20%-
tree canopy, | features (rock outcrop) few canopy trees with 15%-20% *impervious | 30% *impervious surface,
shrubs, and prevents vegetation. moderate to dense surface; 30%-50% or more than 50% of shoreland
groundcover Less than 5% of lot is natural shrub layer, 5%- | more of shoreland manicured, invasive species
species *|mperV|ous surface, 15% *impervious ma_n|cu.red/ _ _ present. Upland er05|.on
minimal shoreland surfaces, less than 30% maintained, invasive moderate to substantial.
maintenance, no invasive | shoreland manicured, species present.
species. Upland runoff/ few or no invasives. Upland runoff/ erosion
erosion is not present. Minimal or no present - moderate.
runoff/erosion.
E SCORE 12 11 10 9 8 7 6 5 4 3 2 1
§ Shoreline/ Littoral woody logs/snags ~ Some littoral woody Littoral woody habitat  Littoral woody habitat
= riparain 5+ per 30 m; overhanging  habitat; well-suited for minimal or absent; absent; riparian buffer with
5 buffer vegetation; shore organisms; overhanging  riparian buffer 5-10m minimal or no shrub layer
o vegetated >90% w/ vegetation; riparian deep covered 50-70% and tree canopy (<50%
2 | (water's native groundcovers, buffer 10m deep vegetation but vegetation) or less than 5 m
.8 edge inland shrubs and trees; no bare  covered 70-90% w/ minimal or no shrub deep; no extended buffer
4 1m): tree, soil; little potential for native vegetation, but layer and tree canopy 30' -75' feet inland; unstable
3 future problems; or one class of plants not or buffer depth only 5-  shore 60-100% of bank/
o | shrub and : ) . .
£ natural feature prevents well established; 10m; disruption exposed soil; moderate
© groundcovers vegetation; buffer disruption evident but obvious; bare human disturbance and /or
g along the extends 30'+ back from not affecting potential; soil/closely cut shore alteration (tree
+ | shore where shore; human minimal bare soil (5- vegetation; no removal, mowing,
:.g land & water disturbance/shore 20%); minimal extended buffer >than established lawn, armored
-g meet alteration/access (tree vegetation removed 30' inland; moderate banks/ riprap).
T removal, brushing, from 30'-75' feet inland;  bare soil (30-60% of
mowing, armored shore bank); moderate shore
banks/riprap) <10m or alteration/disturbance alteration (tree
not present. minimal 10-20m. removal, mowing,
lawn, riprap).
SCORE 12 11 10 9 8 7 6 5 4 3 2 1
Aquatic/ Dense or abundant Scattered or patchy Lack of emergent or Minimal or no native aquatic
littoral emergent, submerged or  emergent, submerged floating veg.; minimal vegetation present;
floating vegetation or or floating vegetation; submerged veg.; invasives present or likely;
(shore-10m): rocky substrate unable to  minimal human vegetation limited by lakebed altered (boat
abundance of | sypport vegetation; disturbance including rec. use (swimming, landing); several structures
emergent, abundant fish habitat; recreational use. boating, etc); (dock/pier/PWC lifts)
submerged, minimal or no human disturbed lakebed; prevent aquatic plant
and floating disturbance including invasives present or growth, heavily used
vegetation recreational use. likely. swimming area.
SCORE 12 11 10 9 8 7 6 5 4 3 2 1

Standard Operating Procedure #10: Plant






Identification Survey

Baseline Monitoring of Aquatic Plants in Wisconsin
SURVEY OVERVIEW

Sampling Sites

This method employs a point-
intercept design inwhich agrid of | ™=/ . . .’ 4 2 & » o

sampling sites is distributedevenly | ¢ ¢ ¢ 27 &«

over the entire lake surface (Figure : i il
1). Lake organizations or 2 B B B W 03 R S R T S T3 1 s 1 20
individuals can request an electronic | (e @ w g w u MV T N G i e

file of survey sites by contacting the B o s o 2 0 e 19 10 68 1 tee 191 10
WDNR Lake Coordinator fromtheir | ™) @ o @ e 0w a0 e
region (see Appendix 1) withthe | /@@ ewws ‘
lake name and county, as well as the 7 & A T
town, range and section (TRS)or | s = u =0
water body identification code
(WBIC). Please make requests well
in advance of planned field work to : 02 Sannpling péiets
allow WDNR staff sufficient time Site1: Lal. 45.67653200

Kathan Lake
Oneida County
WBIC 1598300
T39N ROSE 513
214 acres / 86.6 ha

- 0 0.6 Kilometers Long. -89.32639971
for map creation (recommend at — G 2007
TIOTTC T T PO RO ot g o T TG e T e, OToro
least 1 month)' County, WI, with 203 sampling sites.

WDNR staff will determine the number of sites and grid resolution based on the estimated size of the
littoral zone (the area in which plants grow) and shape of the lake. Grids will be scaled to produce a
greater

number of sites on lakes that are larger and have more complex shorelines. Lakes with a
narrow littoral zone may be assigned a comparatively high number of sampling sites to
achieve sufficient survey coverage. Once created, the sampling map (Figure 1) and an
associated GPS text file containing the latitude and longitude information associated with
each sample site will be provided electronically by the WDNR.

Timing of Sampling

Surveys should be conducted between early July and mid August. Although certain plant
community parameters (such as rake fullness and biomass) can change over the course of
the

* Aguatic Plant Treatment Evaluation. http://www.uwsp.edu/cnr/uwexlakes/ecology/APM/Appendix-D.pdf



http://www.uwsp.edu/cnr/uwexlakes/ecology/APM/Appendix-D.pdf



growing season, presence/absence data is less sensitive to seasonal variation®; presence can
often be detected throughout the season. For many species, including Eurasian water
milfoil (EWM), plant biomass and density may increase as the season progresses, whereas
some species like curly-leaf pondweed (CLP), senesce much earlier in the sampling
season. Rake fullness data for these species must be interpreted carefully with the
sampling date in mind. If early-senescing species such as CLP are targets of management
actions, please contact the WDNR Lake Coordinator in your region to coordinate the best
possible sampling time.

(ADD TO SOP- Started 2/18/14 -Jordan)

Constructing the Rake Samplers

The rake samplers are each constructed of two rake head welded together, bar-to-bar, to
form a double-sided rake head on a 15 foot pole. The rake head is 13.8 inches long, with
approximately 14 tines on each side. For use in deep waters, attach a second double-sided
rake head to a rope; this rake head should also be weighted.

Navigating to Sites
Accuracy

The location reported by the GPS receiver has an element of error that varies under
different conditions. Navigate at no greater than an 80-foot zoom level and aim to
completely cover the sampling site with the arrow. At 80-foot zoom, the locator arrow
shown on the screen represents approximately 25 feet in length. In order to sample with
acceptable accuracy, the arrow must completely cover the sampling site on screen.

Determining Maximum Depth of Plant Colonization

When sampling, you will have to determine the maximum depth at which the plants are
rooted. The maximum depth of colonization (MDC) can vary greatly among lakes. When
sampling a line of sites heading from shore out to deep water, take samples until plants are
no longer found on the rake. Continue sampling at least two sites deeper to ensure you
sampled well over the maximum depth of colonization. If no plants are found at these sites,
simply record the depth, sampling tool used, and dominant sediment type. Leave the rake
fullness and species information blank. Use a depth finder and begin sampling again when
the depth reaches that of the last (no plant) site sampled. By sampling in this way, over
time you will begin to hone in on the maximum depth of plant colonization.

After working several rows crossing the edge of the littoral zone, estimate the maximum
depth of colonization (e.g. 20 feet) and only continue to sample deeper sites within 6 feet of
this estimation (all sites < 26 feet). As you complete more rows and gain confidence in
your estimation, you can then begin to gradually omit sampling depths that are too deep for
plants to grow. Once you have sampled the deep end of your estimated maximum depth of
colonization at least three times and have not found any plants, then you can discontinue
sampling at anything deeper, but continue to sample any sites shallower.

Recording Data
Completing the Field Sheet





General site information
Complete the top portion of the “Field Sheet” with the lake name, county, WBIC, date,
names of observers, and how many hours each person worked during the survey.

Site number
Each site location is numbered sequentially. Each site number will have one row of
data on the “Field Sheet”

Depth

Measure and record the depth to the nearest half-foot increment at each site sampled,
regardless of whether vegetation is present. The pole mounted rake and rope sampler
should be marked to measure the depth of water at a sample site. If you are using a
depth finder, it is useful to know that the accuracy may decrease greatly in densely
vegetated areas. Depth finders sometimes report the depth to the top of the vegetation
instead of to the sediment surface. In most cases, it is best to use depth markings on a
pole-mounted rake for shallow sites.

Dominant sediment type
At each sample site, record the dominant sediment type based on how the rake feels
when in contact with the sediment surface as: mucky (M), sandy (S), or rocky (R).

Pole vs. Rope
Record whether the pole (P) mounted rake or the rake-on-a-rope (R) was used to take
the sample.

Rake fullness

At each site, after pulling the rake from the water record the overall rake fullness rating
that best estimates the total coverage of plants on the rake (1-few,2-moderate, 3-
abundant; see Figure 3). Also identify the different species present on the rake and
record a separate rake fullness rating for each. Account for plant parts that dangle or
trail from the rake tines. Include the rake fullness rating for filamentous algae, aquatic
moss, freshwater sponges, and liverworts, but do not include these ratings when
determining the overall rake fullness rating. While at a site, perform a brief visual scan.
If you observe any species within 6 feet of the sample site, but not collected with the
rake, record these species as observed visually (“\VV’) on the field sheet. These species
will be included in total number of species observed.

Species names

Note that the field datasheet does not include any species names, except for EWM
(Eurasian water milfoil) and CLP (Curly-leaf pondweed). The sampling crew must
write the species names in subsequent columns the first time that species is
encountered. Names must be re-written on successive field sheets as they are
encountered. You may use common or Latin names, but be sure that there is no
ambiguity in the name that will present problems during data entry. The use of standard
abbreviations can greatly shorten this process.

Inaccessible sites
It may be impossible or unsafe to reach some sample sites. If you cannot access a site,
leave the depth blank and record the appropriate comment on the field datasheet from





the list below. Remember to also transfer these to the “Comments” column of the
ENTRY sheet (see data entry section.

a. NONNAVIGABLE (PLANTS)

1. Sample site cannot be accessed due to thick plant growth.

2. Aguatic plants that are visible within 6 feet of a non-navigable sample site (e.g.
water lilies, cattails, bulrushes, etc.) should be recorded as visuals (V) on the
datasheet.

b. TERRESTRIAL

1. Sample site occurs on land (including islands).

2. Agquatic plants visible within 9 feet of a terrestrial sample site may be included
in the general boat survey list, but should not be marked as visuals on the
datasheet.

3. Only species rooted in water should be recorded as present or as part of the boat
survey.

c. SHALLOW

1. Sample site is in water that is too shallow to allow access.

2. Aguatic plants that are visible within 6 feet of a shallow sample site should be
recorded as visuals (V) on the datasheet.

d. ROCKS
1. Sample site is inaccessible due to the presence of rocks.
e. DOCK

1. Sample site is inaccessible due to the presence of a dock or pier.
f. SWIM AREA
1. Sample site is inaccessible due to the presence of a designated swimming area.
g. TEMPORARY OBSTACLE
h. NO INFORMATION
1. No information is available about the sample site because it was not traveled to
(inaccessible channel, accidently omitted during survey, skipped due to time
constraints, etc.)
i. OTHER
1. Site was not sampled for another reason; please provide a brief description.

9. Filling Out the Boat Survey Datasheet (STOPPED 2/18/14-Jordan)

Time Spent Sampling

Depending on the size of the lake, a survey may be completed in a few hours, or it may
take several days. Ideally, a crew spends one-half to three minutes per sample site;
however, this may vary depending on the following factors:

Distance between sample sites
Weather (i.e. wind, rain, etc.)
Rake fullness

Ease of navigation
Experience; less

experienced field workers
may take longer to identify





unfamiliar plants. However,
most field workers have
found that the time spent per
site drops dramatically with
experience. Others have
reported their speed
increasing greatly with a
few hours of training.

PREPARING FOR FIELD WORK
Field Gear

Necessary equipment:

Appropriate watercraft and all equipment required by state law
Double-sided sampling rake attached to a 15-ft (4.6m) pole
Weighted sampling rake attached to a 40-ft (12m) rope
Handheld GPS receiver with WDNR sample sites loaded
Print-out of lake map with WDNR sample sites

Print-out of WDNR field datasheets on waterproof paper
Pencils

Sealable storage bags for voucher specimens

Waterproof voucher sample labels

Cooler(s) with ice for storing voucher specimens

Depth finder





Helpful, but not required:
o Trolling motor for reaching shallow sites
o Bathymetric map
o Plant ID references or guides to aid in plant identification
o Hand lens to aid in plant identification
o Digital camera for plant specimens or field pictures
o Underwater video camera for viewing the maximum depth of plant colonization

Loading Sample Site Locations onto the GPS Receiver

Detailed instructions on loading sample site locations onto the GPS receiver depend greatly on the
type of GPS receiver as well as the software used to translate site location from the text file to
“waypoints” in the receiver. The WDNR commonly utilizes Garmin 76 model GPS receivers and the
WDNR Garmin GPS Standalone Tool software. The WDNR Standalone Tool is only available to
WDNR employees, and only works with Garmin GPS receivers. The Minnesota Garmin GPS Tool
and appropriate guidance documents are available to the public and can be found online at the
Minnesota DNR internet site®. The two programs are similar; their chief difference is that the
Minnesota tool requires the GPS text file to be comma-delimited instead of tab-delimited.

Procedures for other GPS models with a Wide Area Augmentation System (WAAS-capability) may
be used; please refer to the manufacturer’s instructions for details on uploading site locations.

Please note that storage capability varies by GPS model. Some GPS receivers are unable to store the
large numbers of data sites required in some surveys. In the event that the number of sampling sites
exceeds your receiver's storage capacity, the text file containing the survey site information can be
split into smaller text files. You will then be able to upload successive files of sites as needed or
work from multiple receivers in the field.

The instructions below describe how WDNR employees can use the WDNR Garmin Standalone Tool
software to load sample site locations, or “waypoints,” onto a Garmin 76 model GPS receiver.

To upload waypoints from a GPS text file to the GPS receiver, you will need:

o PCllaptop with WDNR Garmin GPS Tool. Your IT administrator can help you obtain and
install the software.

o GPS text file (.txt extension). A tab-delimited text file containing the sample sites and their
geographical information.

o A Garmin 76 model GPS receiver with external data port.

% Available online at:



http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html



http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html (accessed September, 2009)
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o PC interface cable (with USB or 9-pin serial connector). Can be purchased online at
http://www.garmin.com

$tep 1: Set GPS to the “Simulating GPS” Mode

Operating the receiver in “Simulating GPS” mode prevents the GPS receiver from trying to acquire a
qatellite signal indoors.
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1. Press andl Hold the red [ON/OFF] button for two seconds to turn the GPS receiver on.
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3. Press the [MENU] button, select “Start Simulator”, and press [ENTER]; the screen
heading should now read “Simulating GPS.”

$tep 2: Set Serial Data Format (this setting will not have to be re-set upon each use)

$et the serial data format on the Garmin 76 receiver to GARMIN prior to transferring data. Failure to
get the serial data format to GARMIN will cause a communication error.

1. Press the [MENU] button twice to reach the main menu, use the rocker key to select
“Setup”, and then press [ENTER].

2. Use the rocker key to scroll left or right until the “Interface” tab is highlighted. Use the rocker
key to scroll down to highlight the drop-down box and press [ENTER].

3. A menu will appear; select “GARMIN” and press [ENTER]. Press [QUIT] twice to exit the
menu.

Step 3: Plug in the PC Interface Cable



http://www.dnr.state.mn.us/mis/gis/tools/arcview/extensions/DNRGarmin/DNRGarmin.html

http://www.garmin.com/



1. The GPS receiver should be on and in simulation mode.
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Printing Datasheets

The form used for recording data can be found on the tab labeled “FIELD SHEET” in the
Aguatic Plant Survey Data Workbook, downloadable from the University of Wisconsin
Extension website (http://www.uwsp.edu/cnr/uwexlakes/ecology/ APM/Appendix-C.xIs). Print
the field sheet (waterproof paper recommended), using the “Print Area > Set Print Area”
function under the “File” menu to set the appropriate number of rows to print. Under Header
(View > Header and Footer > Custom Header) record lake name, Waterbody Identification Code
(WBIC), county and survey date.
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Constructing the Rake Samplers

The rake samplers are each constructed of two rake heads welded together, bar-to-bar, to form a

double-sided rake head. The rake head is 13.8 inches (35 centimeters) long, with approximately 14
tines on each side. For use in shallow waters, mount a double-sided rake head to a pole that has the
capability to extend to 15 feet (4.6 meters). For use in deeper waters, attach a second double-sided

rake head to a rope; this rake head should also be weighted (Figure 2).

Pole Sampler

To make the pole samplers shown in
the photographs, we removed the
handles from 2 standard bow rakes
(available at most hardware stores), and
welded the rake heads together bar-to-
bar. We mounted the rake head to an
8-foot (telescoping to 15.5 feet) pool
skimmer handle purchased froma
supply store (left, $50). For an even
sturdier sampler we purchased an
aluminum Co-Handle from Duraframe
Dipnet and designed a rake pole which
attaches and detaches into 3 sections
(right, $200). For depth recording,
mark the rake handle in one-foot
increments. Electrical tape marked
with permanent marker, then covered
with a length of clear packing tape
works well and holds up over time.

Rope Sampler

A similar rake head should be
constructed and attached to a 40-foot-
long rope or anchor line. In order to
ensure a quick vertical descent to the
lake bottom, attach a light weight (~5
Ib) to the rake head, away from the
tines. The rope sampler pictured here
has a short piece of steel tubing welded
to the rake head to serve as a handle
through which 45 feet of rope is
attached.

Figure 2: Examples of sampling rakes used during surveys.






Equipment Cleaning and Storage

Clean all sample collection electronic equipment per SOP #7. Monitoring equipment should be
cleaned and packed for storage. Keep equipment and supplies properly organized and labeled so
they can easily be inventoried using the checklists.

Data Entry and Management

Download or enter field and laboratory data into appropriate spreadsheets and databases as soon as
possible to minimize error, per SOP #8. Refer to the instrument manufacturer’s instruction manual
for details on downloading data from field dataloggers.

End of Field Season Procedures
(Summary of SOP # 11: End-of-Field Season Procedures)

When sensor probes are to be stored for extended periods of time, thoroughly clean sensors,
remove batteries, and store the sonde according to specific instructions in SOP #11 and the
manufacturer’s manual. Store calibration standards and electrolyte solutions in a temperature-
controlled environment. Ensure that containers are dated upon receipt and upon opening; observe
expiration dates.

Quality Assurance/Quality Control

Standardized training and data forms provide the foundation that quality assurance/quality control
(QA/QC) standards for field collected data are met and that the data are complete, accurate,
representative, and comparable. This concept requires the complete integration of field and
laboratory systems of sample collection and analysis. The QA/QC procedures that pertain to
sample collection and processing are focused on: 1) ensuring that any given field or laboratory
measurement accurately represents the water resource at the time the sample was collected, 2)
ensuring that water quality data are comparable across all sampling dates, and 3) verifying that no
contamination has been introduced to the sample at any time.

Calibration logs for multi-parameter sondes will be maintained and will document the frequency
of calibration and calibration checks. Ensure calibration standards are not used beyond expiration
dates. The following summarizes our QA/QC procudeures pertaining to sampling methods:

1) Submit duplicate water samples, at the rate of approximately 10%, so that the reported data
are precise, or the results of analyses are reproducible.

2) Replicate multiprobe field measurements at the rate of approximately 10%. Calculate the
relative percent difference to document precision of the multiprobe.

3) Update and maintain instrucment calibration log for each instrucment. Calibration schedule
must be observed, using fresh calibration standards.

4) Keep Lakes Water Quality Protocol binder on hand including: QA/QC checklist, SOPs,
equipment troubleshooting, blank field forms.

5) Maintain equipment calibration manual and Chain-of-Custody forms in the laboratory.

6) Maintain WQ Sampling Site binder containing GPS coordinates for verification of sampling
location(s), map of lake with sample site(s) marked, new Lake WQ Monitoring field forms,
copies of previous field forms to compare field measurements to.

7) Keep copies of field data forms until all sheets have been scanned. Scan original Lake WQ
Monitoring field forms and maintain electronically indefinately. Save on K: drive in





Ecological Solutions Data folder.
8) Require consistent measurement methods and detection limits

9) Sample preservation and minimum holding time- maintain water samples according to preservation
and minimum holding time.

10) A chain-of-custody includes not only the form, but all references to the sample, including
information that allows tracing the sample back to its collection and documents the
possession of the samples from the time they were collected until the sample analytical
results are received.

11) Laboratory methods — require consistent analytical methods and detection limits.

Data Handling, Analysis, and Reporting

Water quality monitoring profile data will be entered weekly into the WI DNR SWIMS website.
All field data including profile data sheets, habitat assessments and P1 aquatic plant surveys will
either be entered electronically or the data sheets themselves will be scanned and filed
electronically in the Ecological Solutions files.

Data Entry, Verification, and Editing

Detailed instructions for the data entry procedures for this protocol are given in SOP #8, Data
Entry and Management. As described above (section 3, Field Methods), three general classes of
water quality data are collected. The first is field observations and profile measurements that are
recorded on data sheets in the field. These field sheets will be entered into a digital form in
SWIMS. The second class of data is the results of testing performed by contract analytical
laboratories. An import routine will be created in GLKN'’s version of SWIMS to bring in
laboratory results and to run QA/QC checks. The last class of water quality data is digital data
that have been collected by multiprobe sondes and other field data loggers. Import routines in
GLKN’s version of SWIMS will also be developed for these digital files.

Data verification starts with the QA/QC steps that are outlined in the SOPs associated with this
protocol. If data being entered into SWIMS do not pass a QA/QC test, SWIMS prompts the user
to make corrections and re-enter the data. Data that are outside the expected rate of change for a
parameter based on previous records for that parameter will be flagged for further review by an
expert.

Quality assurance/quality control checks are performed as data are entered into. The Network’s
water quality data records are regarded as being in provisional status until they are returned to
GLKN from WRD, or are accepted by WRD without changes after the final QA/QC steps. Only
qualified users who have been trained and given edit permissions are allowed to edit data in
SWIMS. These procedures protect the integrity of the data and allow the history of each data
record to be traced.

Data Archival Procedures

Data archiving serves two primary functions: it provides a source to retrieve a copy of any
dataset when the primary dataset is lost or destroyed, and it provides a data record that is an
essential part of the QA/QC process. The unedited files are the original data for digital data. The
archival of the printed data forms for this protocol is described in SOP #8.





Standard Operating Procedure #11.:
Data Entry and Management

Introduction

Water quality data collected must be entered, quality-checked, documented, managed, and made
available to others for a variety of purposes, such as management decision-making, research, and
education.

Database
Water quality data are managed with the desktop database application

*** Check into STORET (an interagency water quality database developed and supported by the
Environmental Protection Agency (EPA) to house local, state, and federal water quality data
collected in support of managing the nation’s water resources).

Data Management Procedures

Data Collection

Data values are measured, observed, or estimated according the Sigurd Olson Environmental
Institute water quality monitoring protocol at various monitoring locations (sample sites) and
recorded on field forms (see SOP #6, Field Measurements and Water Sample Collection).
Interns are responsible for legible, accurate entries on field forms and in log books, including
the calibration log. As a first step to verify data, they will check and double-check the recorded
values on the day of data collection.

Data collected with a multiparameter sonde are stored directly on a datalogger attached to the
sonde and recorded on the field sheets at the time of sampling. The hard copy of the data serves
as a back-up should something happen to the electronic data.

Digital images of sample sites are acquired during site establishment and periodically as sites
change (SOP #6). Interns are responsible for proper settings and use of digital camera
equipment and should refer to the user manual for details specific to the camera.

GPS coordinates are stored as waypoints if using a recreational GPS unit, or as features if using a
mapping-grade unit with a data dictionary, and recorded on the field sheets. When possible, the
GPS data will be differentially corrected to improve the accuracy of location coordinates. See
SOP #3 for more information on using a GPS unit.

Water samples are collected, labeled, and packaged for laboratory analysis according to SOPs #6
and #7. Identification numbers on sample containers, chain of custody forms, laboratory reports,
and on the field data collection form facilitate management of laboratory results.





Data Entry, Verification, and Documentation

On a regular schedule approved by the Lake Coordinator, interns gather the field data collection
forms and verify the completeness, accuracy, and legibility of each form. Following each round
of sampling, interns scan each field form and ensure the scanned fil;es are saved on the K:/ in
the Lake Program files and the original is archived in the Lake Coordinator’s office. Printed
copies will be made as needed.

Electronic data from the multiparameter sonde are downloaded from the datalogger to a
computer in an MS Excel spreadsheet or text file at the end of each sampling day or as soon as
feasible after sampling, and verified for accuracy. Likewise, at the end of each sampling day or
as soon as feasible after sampling, all digital images will be downloaded to a computer and
labeled with date, location, and subject matter. Both of these types of electronic data will then be
imported into the database.

Import data from the MS Excel spreadsheet into database following the guidelines. Any notes
taken in the field regarding collection of data with the sonde are transcribed in a field for
comments and notes in a database.

Results of laboratory analyses are filed on the K:/ drive under the Analysis and Research Lab
files. Laboratory results must be entered into the database as soon as possible following
receipt of the results. The Lake Coordinator will verify data and follow-up with the laboratory
if any discrepancies are noted or any questionable results are reported (see SOP #12 on
QA/QC for more details). Interns will import the verified data into database.

On a regular schedule interns will enter the verified field data from both hard copy and data
logger into database. When all data are entered at the end of the season, the Lake Coordinator
will perform or coordinate a random check of 3% of electronically transferred and 20% of the
manually-entered data that season and resolve errors according to established procedures. See
SOP #12 for additional QA/QC details.

Data verification starts with the QA/QC steps that are detailed in SOP #12. As data are entered
into the database, either by keyboard or using an import routine, a suite of QA/QC procedures
exist that compare the entered data with expected formats and accepted data value ranges.

Data Validation

Prior to distributing the data for any type of use, the Lake Coordinator validates the database
content in the master water quality data file according to procedures in the Quality Control and
Quality Assurance SOP. The integrity of each master data file must be preserved during the
validation process in cases where the person performing data validation does not have direct
access to the master water quality data file.

Validation is performed at least once each year after data collection and entry are complete,
usually by the end of each calendar year.





Data Analysis and Reporting

Project staff will follow the procedures for data analysis in SOP #9 and data reporting in SOP
#10. Data summary statistics will typically include, but not be limited to:

Mean

Median

Standard deviation

Minimum

Maximum

Count

Percentiles (10, 25, 75, and 90th percentiles)
Variance

Range

Sum

Data Folder and File Organization

All data from this water quality protocol should be stored, at the earliest possibility, on the K:
drive. A diagram showing the folder structure is shown in Figure 2.

Files should be named . For example,
‘SOEI_LONB Field Data 20130605.doc’ contains field data from Lake Owen North Basin on
June 5, 2013. Do not use spaces in file names.

Data Archival and Distribution Procedures

Data archiving serves two primary functions: it provides a source to retrieve a copy of any data
set when the primary dataset is lost or destroyed, and it provides a data record that is an essential
part of the QA/QC process. Original data will be archived at the Network office. Original data
for printed forms are either the physical datasheets or exact and complete digital copies of the
forms that capture all entries and notations. The unedited files are the original data for digital
data.

All digital data have a duplicate file created at the earliest opportunity. At least two complete
copies of any water quality dataset are required by WRD, including digital replicas (scanned
versions), if they are created, of hard copy data sheets. Digital field data that are entered directly
into a field computer or collected from a data logger must be backed up to a second medium at
the earliest possibility. The data files on field computers and loggers must not be erased until the
integrity of these data files are verified on the duplicate storage medium. The removal of original





data files from a field computer or logger must be a balance of keeping memory available for
new data collection and a need to keep data in their most original form for as long as possible.
Field files should only be deleted when memory space is needed for new data collection.

Folders

= I Projects
= ) water_Quality
= 3 Inland_Lakes
= ) Data
= |C3) Databases
IC3) Archived_Databases
|5) DB_Support_Files
I5) Developmental
I3) Versioned Copies
= |CJ) Field_Data
) apPIs
IC3) Archived_Field_Data
IC3) Electronic_Datasheets
I3 NDU
) 15RO
I3 PIROD
|0) sLee
I vora
= |3 Final_Data
i) apPIs
I3 INDU
I3 15RO
I3 PIRO
I3 QaQC_Data
I sLBE
) vora
IC3) Images
IC3) Lab_Data
I3) Maps
= ) Metadata
I5) Memos-to-File
= I3 Spatial
IC3) basedata
IC3) imagery
I3) waGIs

Figure 2. structure for information related to the protocol for monitoring water quality of inland lakes.
The Images, Lab_Data, and Maps folders also have subfolders for each park. Data are organized in
subfolders by year within each park folder.





Standard Operating Procedure #12: Data Analysis

Introduction

Data analysis is the process by which measurements of the environment are interpreted
meaningfully. It begins with evaluations of data after the data have been collected and entered
into an electronic file or database, and have undergone a check of the data entry to ensure
quality. Data analysis includes quality assurance/quality control (QA/QC) checks for statistical
outliers prior to data summarization, may include exploratory data analysis, and concludes with
analyses that lead to summary and interpretations of the data.

Well-conceived and -developed monitoring strategies have clear connections between questions
of interest, appropriate sampling designs, and resulting analytical approaches (Noon 2003).
Accordingly, the utility and robustness of the Great Lakes Network’s (GLKN) analyses for
monitoring water quality are based on ecologically meaningful questions and relationships,
which prescribe the monitoring design, which in turn prescribes an analytical approach.
Increasingly, biometricians are advocating that ecologists seek to elucidate and quantify
ecologically important phenomena, rather than exclusively pursue statistical significance
(Yoccoz 1991, Johnson 1999, Anderson et al. 2001). Efforts of GLKN to monitor water quality
seek to provide a quantitative understanding of the effect size (e.g., temporal trend, difference in
indicator values among pre-defined strata) as well as the repeatability of that result (i.e., a
measure of precision or uncertainty associated with the estimate). We are striving to address
directed monitoring questions that reflect our prior knowledge of the system and may provide
useful information for management decisions, rather than test myriad hypotheses about
ecosystem change.

In addition to quantitatively describing the status and temporal trends of water quality indicators,
a secondary goal is to begin to understand the dynamics and drivers of our indicators, following
our conceptual models (Gucciardo et al. 2004). Although not every trend is a product of local
management action, tests of association that address the underlying ‘why’ questions behind the
‘what’ questions in trend analysis will be explored for at least a subset of our metrics of water
quality. Although the validity of these associations can be strengthened with focused research,
these types of questions increase the likelihood that our monitoring can lead to an early
correction of trend before the cascading ramifications become irreversible.

Temporal and Spatial Domains

As described in the protocol narrative for monitoring water quality in GLKN inland lakes (Elias
et al. 2008), we have defined our temporal domain as daytime periods during the ice-free
months, ideally, when lakes are thermally stratified. Selected lakes will be sampled three times
annually, at the same location within each lake. We selected lakes using several criteria,
including lake type based on ordinations of past chemistry data to determine groupings of similar
lakes within a given park, amount of past data, spatial balance within each park, and particular
interest by park staff. We also selected lakes to span various gradients within a park, such as
gradients across intensity of visitor use, surface area, maximum depth, and watershed area.
Sampling of lakes typically occurs at the deepest location of a given lake unless a question






specific to the littoral zone is being addressed. It has been shown that spatial variation within a
basin is small relative to temporal variation (Hanna and Peters 1991, Marshall and Peters 1989)

for highly variable parameters such as chlorophyll and phosphorus. Therefore, we will
maximize the number of sampling visits per lake, within budget constraints, and sample at a
single location (the deepest part of the basin).

Initial QA/QC Checks for Outliers in Data

All water quality data undergo several quality assurance/quality control (QA/QC) procedures
(e.g., duplicate sampling, data-entry filters, removal of logically inconsistent entries; see SOP #8
for data management details) to ensure that the data accurately represent the natural environment
at the time of sampling. In addition to these procedures, several analytical and data sorting
techniques (e.g., scatter plots, box-and-whisker plots, stem-and-leaf plots, sorting values of a
given indicator in ascending or descending order, “COUNTIF” statements in Excel) are available
to identify potentially erroneous values and statistical outliers. During this process, data points
that do not meet limitations for precision or bias may be flagged or eliminated from the database.
Some statistical measures, such as population mean, are sensitive to extreme atypical values, or
outliers. Therefore, to reveal the central tendency of the population, the project manager may
elect to remove outliers from the data pool. Such removals should be performed with great
caution, and only when it is clear that the outlier truly did not reflect system properties (e.g., the
outlier resulted from instrument error, transcriptional error, contamination of the sample).

Annual Data Summaries

Brief characterizations of the data from each lake, each park, and the Network as a whole will be
performed each year, after all QA/QC procedures have been completed. For each lake sampled,
and for each parameter measured, descriptive statistics will include mean, median, maximum and
minimum values, as well as skew, kurtosis, and measures of variability, when appropriate (e.g.,
coefficient of variation, standard error, variance).

Given the relevant legislation (e.g., Clean Water Act of 1972), it may be of interest to individual
NPS units and to other entities to assess the proportion of measurements during a time period or
across a domain (at a single point in time) that exceed pre-determined thresholds, such as State
water quality standards or ecoregional nutrient criteria. As with nearly all percentage data,
arcsine transformations must be performed on those data before statistical analyses can be
conducted (Sokal and Rohlf 1995).

Analyses of Long-Term Trends

In addition to these descriptive statistics, analytical approaches may also include estimation of
interannual change, graphic approaches (e.g., comparison of mean and variability of a parameter
in the current year versus during past years), and occasionally qualitative analysis (Guthery et al.
2001), as well as modeling, correlational analyses, and various parametric and nonparametric
analyses. Results of such analyses will be distributed via synthesis reports and/or articles in peer-
reviewed journals.

Because lakes were not selected randomly, we will not make inferences about trends in lakes






other than those we sample. We will analyze data from each lake independently of all other
lakes. All lakes sampled within a park may be grouped for analytical comparison with lakes
sampled in another park. Whenever lakes are pooled for analysis, we will ensure inferences
are not made beyond those lakes that were sampled. Characteristics of the lakes that are
known or suspected to affect water quality (e.g., lake size, maximum depth, underlying
geology, watershed characteristics) can be included as covariates.

Recommended Methods for Long-Term Trend Analysis

Synthesis reports will include more intensive analyses of change after at least three years of
sampling in a given lake has occurred. In addition to repeated-measures, time-series, regression,
and non-parametric equivalents of various methods (such as regression, paired-t tests, and
ANOVA), monitoring data may also be evaluated through nonparametric trend tests (e.g., Mann-
Kendall or Seasonal Kendall), Monte Carlo simulation analyses, Bayesian analyses, and
comparisons of period means. For the latter-most approach, one is often interested in comparing
values before and after an important event (e.g., change in management policy, remarkable
anthropogenic disturbance, natural catastrophe, drought), and considers years within each of the
two periods as replicates. We may also examine trends for breakpoints, or changes in slope,
which may indicate the timing of an important event, and hence a potential cause. Trends in
parameters that are analyzed with respect to biotic and abiotic covariates will be included in the
synthesis reports, although cause-effect relationships may be investigated more thoroughly by
NPS partners and collaborators.

In addition to analyzing each variable separately, water quality variables could be analyzed
collectively through multivariate ordinations (e.g., nonmetric multi-dimensional scaling) of
resource conditions through time, following West and Yorks (2002). This approach effectively
integrates information across many indicators, and can suggest whether individual stations are all
moving in the same direction in multidimensional ordination space. Furthermore, joint plots can
be overlaid on the ordination, and can suggest which variables correlate most strongly to the
direction of changes. Similarly, if specific comparisons are desired across a suite of uncorrelated
variables, two or more pre-defined groups of samples could be compared using MANOVA or
NPMANOVA, depending on whether parametric assumptions are met.

Approaches to Analyze Frequently-Collected Data

In contrast to many other parameters that the Network is monitoring, water quality measurements
are collected several times per year. Not only does the long-term nature of this data set allow for
robust retrospective analyses of trend, but the multiple sampling sessions within each year allow
for various analytical approaches to analyze long-term trends. For example, if the goal is to
monitor trend in the average value of a particular water-quality parameter, then all measurements
collected within the year (or during the ice-free season) at each sampling location would be
considered temporal subsamples and averaged. Trend analysis (using repeated-measures, time-
series, or other regression analyses) would thus be performed simply on the annual means at each
sampling location. This approach seems particularly viable for parameters that do not exhibit
strong intra-annual variability (e.g., pH). However, this approach may be vulnerable to
imprecision or bias if a parameter exhibits significant, predictable variability in its value






throughout the year and data are not collected (due to equipment failure or logistical constraint)
at a high number of intended sampling occasions.

Alternatively, if a particular parameter is known to exhibit significant intra-annual variability
(e.g., chlorophyll-a), samples within the year can be partitioned into one of several periods
(ideally, defined by relevant phenological or biological phenomena). Thus, for example, if
interannual trends in nutrient concentrations during algal blooms are of interest, the temporal
domain can be accordingly defined, and all samples within that window averaged within each
year and the means analyzed for trend across years. Finally, if there is a strong desire to
incorporate intra-annual variability into interannual trend analyses, data within each year can be
analyzed through a smoothing algorithm, and interannual variability is thus analyzed on the
smoothed data. It may be the case, however, that process variation is larger than the sampling
variability (Burnham et al. 1987).

Duplicate Sampling

To ensure that understanding of water quality trends within lakes of the GLKN is not
confounded by biased results, we will collect duplicate samples and field measurements at the
rate of approximately once every 10 samples. We will assess the relative percent difference
between duplicate samples or measurements and flag data that do not meet the QA/QC
guidelines detailed in SOP #12. Those data that do not meet the QA/QC stipulations may or may
not be used in analyses, on a case by case basis. For example, parameters measured at low
concentrations (e.g., less than five times the method detection limit) may be accepted, and both
duplicates used in analysis. If duplicate samples meet the QA/QC guidelines, we will use the
mean value of the duplicate measurements in data analyses. Explanations of how duplicates are
handled in data analyses will be included in reports.

Other Analytical Considerations

For trend analyses performed using regression, trend will be investigated using a linear
relationship. If analyses suggest a non-linear temporal pattern, serial autocorrelation, or lagged
response to stressors, appropriate analytical modifications will occur. When discussing the desire
to be able to detect a trend of 20%, for example, it must be stated during what time period that
level of change is to be detected. This allows one to calculate the minimum level of change that
IS important to detect between successive sampling periods. A 20% change occurring over 1 year
is obviously much different than that same level of change (20%) occurring over 10 years (i.e.,
an average change of 1.84% per year).

Adopting the philosophies of the precautionary principle (United Nations 1992) and the safe
minimum standard of conservation (Ciriacy-Wantrup 1952, Berrens et al. 1998), the GLKN
monitoring program seeks to identify potential natural resource problems early, before
deleterious or irreversible ecosystem changes occur (e.g., crossing of ecological thresholds;
Laycock 1991, van de Koppel et al. 1997, Laurance and Williamson 2001). Consequently, for
most analyses that use the null hypothesis of no change through time, we will adopt a. = 0.10.
Furthermore, for parameters that exhibit particularly high variability, magnitudes of change that
seem biologically meaningful (Johnson 1999) yet have 0.10 < o < 0.20 may merit more intensive






or extensive monitoring or experimental study.

If water quality monitoring tracks a relatively large suite of variables, Bonferroni or modified
Bonferroni corrections (e.g., Hohm’s method) may be performed, to maintain the ‘familywise’
alpha at 0.10. Roback and Askins (2005) argue that if the main goal is simply initial screening
for conservation problems or generation of hypotheses to be tested further, but not detection of
real differences or trends, then alpha can be left at its standard comparisonwise significance
level, to avoid Type Il errors.

When the dataset contains non-detects, we will follow Helsel (2005) in conducting statistical
analyses. Several methods exist for handling non-detects, each with advantages and drawbacks.
Early in our program we will likely use a substitution method, where a value between zero and
the detection limit will be substituted for the non-detect. The main drawback of this method is
that estimates of the true variability are not possible. When the program is more mature and we
have adequate data to determine the distribution of data, we will likely use maximum likelihood
estimation, which works well for large sample sizes. Other methods, such as “regression on order
statistics” and the non-parametric Kaplan-Meier method will be considered, and in consultation
with a statistician, the most appropriate method for the data will be employed.






Standard Operating Procedure #13: Reporting

Introduction

A primary goal is to ensure that the results and knowledge gleaned from monitoring are shared
with all appropriate parties, especially the involved Lake Associations and local natural resource
managers.

While the Sigurd Olson Environmental Institute primarily addresses concerns of lake
associations, its monitoring program has the potential to serve a much broader community. For
example, monitoring projects can provide a starting point for repeatable scientific research
(especially to establish cause-effect relationships), provide insights for adaptive management,
and lead to regulatory management decisions to protect long-term health of individual lakes.

Annual Summary Reports

A summary report will be produced annually????? The primary audience for the annual
summary reports will be lake associations. These summaries will be communications to
document our efforts and convey the findings of the previous field season. At a minimum they
will provide:

o abrief introduction that describes the monitoring;
o anoutline of the sampling strategy, including the number of sites sampled, parameters
measured, and analyses performed,

o data summaries, including tables and figures to enhance visual presentation, as well as a
text explanation of the findings;

o any other relevant or significant findings; and
o alimited discussion section in which important results are interpreted.

The Lake Coordinator will take the lead in writing the report and discussion.

Conference Presentations

When possible, the project coordinator and research assistant(s) or Scientist(s) will present
monitoring results at regional scientific conferences. Such presentations will allow the Sigurd
Olson Environmental Institute to reach the broader scientific community, as well as land
managers and conservation practitioners. Potential conferences include the Wisconsin Lakes
Convention,






Standard Operating Procedure #14: Post-
Season Procedures

Introduction

The proper maintenance and storage of field and laboratory equipment will prolong the life of
the gear as well as simplify start-up procedures for the next field sampling season.

End of Season Procedures

Field Instrumentation and Equipment

When multisensor water quality probes are to be stored for extended periods of time, make the
following preparations:

o Thoroughly clean the sensors.

o Remove installed batteries.

o Fill the storage cap approximately one-fourth full of tap water. If the sensors might be
exposed to freezing temperatures, use a solution of one-half tap water and one-half
methanol.

o Store away from direct sunlight. Although the instrument should be able to be reliably
reactivated for field use with a minimum of effort before field use, it should be checked
out well in advance of scheduled surveys to allow time for repair or replacement.

Refer to equipment manuals for more detailed instructions regarding maintenance of multiprobe
sondes.

End-of-season care of other equipment includes the following:

o Inspect and clean all equipment following the procedures detailed in SOP #5,
Decontamination of Equipment to Remove Exotic Species. This effort minimizes the
potential for transferring nuisance species from contaminated lakes to uncontaminated
lakes.

o Lay out all ropes and sampling lines to dry completely, then coil or roll back into their
holders.

o Store field equipment in protective storage cases to avoid damage.

o Clean all sample collection and storage containers in a 0.1N HCI acid bath followed by
deionized water rinses as per SOPs #6 and #7.

o Return all of the equipment and supplies to the proper storage area. Keep them organized
so they can be inventoried using the equipment and supply checklists.

o Store calibration standards and electrolyte solutions in a temperature-controlled
environment.

o Properly dispose of all chemical waste material.

Laboratory Equipment

o Cleanall labware in a 0.1N HCI acid bath followed by deionized water rinses as per SOP






#1.
o Inventory all supplies and replace if necessary as soon as possible.

Data Management

There is no substitute for complete and accurate record keeping of field-derived data. Field
technicians, crew leaders, and project leaders share responsibility for collecting, verifying, and
documenting data according to the guidelines in this monitoring protocol and all applicable
standard operating procedures. Refer to the GLKN Data and Information Management Plan
(Hart and Gafvert 2005) for overall guidance and follow SOP #8, Data Entry and Management
and SOP #10, Reporting, for additional details.

Quality Assurance/Quality Control

Taking proper care of all field and lab instrumentation and sampling gear is a fundamental part
of any QA/QC program. Sensors that are properly cared for will likely be less variable and
equilibrate more quickly in the field. See SOP #12 for additional details on QA/QC procedures.






Standard Operating Procedure #15:
Quality Assurance/Quality Control

Purpose

This standard operating procedure (SOP) defines procedures for quality assurance and quality
control to be used with the Great Lakes Network protocol for monitoring water quality in inland
lakes. Quality assurance is the planned and systematic pattern of all actions necessary to provide
adequate confidence, or assurance, that a project outcome optimally fulfills expectations. Quality
control is the systematic evaluation of the various aspects of a project to ensure, or control, that
the standards of quality are being met. Quality control involves specific tasks undertaken to
determine the reliability of field and laboratory data. Together, quality assurance/quality control
(QA/QC) is a substantial part of any monitoring program.

Applicability

Procedures in this SOP will be implemented during all work pertaining to monitoring water
quality in inland lakes as described in the protocol narrative. This SOP is designed to assure that
all data obtained will contribute quality information to an understanding of the ecological
integrity of park units of the Great Lakes Network.

The rationale for dividing a sampling protocol into a protocol narrative with supporting SOPs is
based on the following:

e The protocol narrative is a general overview of the protocol that gives the history and
justification for doing the work and an overview of the sampling methods, but does not
provide all methodological details. The protocol narrative will only be revised if major
changes are made, such as changes in sampling design.

e The SOPs are specific step-by-step instructions for performing a given task. They are
expected to be revised more frequently than the protocol narrative.

e Usually, when a SOP is revised, it is not necessary to revise the protocol narrative to
reflect the specific changes made to the SOP. All versions of the protocol narrative and
SOPs will be archived.

The steps for changing the protocol (either the protocol narrative or the SOPSs) are outlined in
Procedures for Revising the Protocol (SOP #13).

Summary

The core suite of parameters measured at all water quality monitoring sites include temperature,
pH, specific conductance, dissolved oxygen, clarity (secchi depth or transparency). These
measurements are less diagnostic of water quality degradation than biotic communities and other
water quality variables, such as nutrient concentrations.

Inputs of excess nutrients, habitat degradation, spread of exotic species, and contaminants from
atmospheric fallout and surface runoff, and how these stressors affect the chemical and
biological functions of lakes are key issues of concern. By monitoring an advanced suite of






parameters including Total Nitrogen, Total Phosphorus, SRP, and Chlorophyll a, we will
provide data for a thorough understanding of changes in lakes over time.

Our overall goal is to develop a program for monitoring water quality in inland lakes that will
contribute to an understanding of the health of across northern Wisconsin and result in the
development of a Lake Management Plan for each lake being monitored. The monitoring
protocol is intended to document water quality status and trends for individual lakes and provide
an indication of quality and health on a region-wide basis. The protocol includes analysis of
historical data, sample design, field and laboratory methods, data analysis and reporting, and
training and operational requirements.

Personnel Responsibilities

Personnel will study this SOP prior to beginning work on the project and follow its procedures in
order to conduct the project according to outlined QA/QC procedures. This will ensure
consistency and comparability when changes in personnel occur.

Field personnel should be adequately experienced and/or trained in using field and water quality
sampling equipment. This experience is best obtained through a combination of classroom and
hands-on training, including pilot-testing equipment at a nearby water body. Personnel should be
familiar with the instruction manuals for all equipment, particularly with regard to calibration
and maintenance procedures. See SOP #2, Training and Safety, for more details on training.

The role of the Lake Coordinator is to develop and direct the lake monitoring program, train and
supervise research field personnel, collaborate with Northland’s ARE laboratory, and serve as a
liaison among natural resource managers, lake associations, and other monitoring project partners.
Specific responsibilities include the following:

e Coordinate field schedules and availability of supplies with field personnel

e Develop atraining program for field personnel

e Develop, document, and oversee the implementation of standard procedures for field data
collection and data handling

e Coordinate logistics with park staff

e Develop quality assurance and quality control measures for the project, supervise staff
training and conduct quality assurance checks of field sampling techniques at least once,
mid-season, with each field crew






e Contract with an analytical laboratory for analysis of water samples, ensure lab results
meet program needs (e.g., QA/QC procedures, meaningful minimum detection limits for
low level strength waters, adequate reproducibility of replicate samples)

e Supervise or perform data entry, verification, and validation

e Summarize and analyze data, prepare reports

e Serve as the main point of contact concerning data content

The project manager will also work closely with the data manager in the following capacities:

Complete project documentation

Develop data verification and validation measures for quality assurance

Ensure staff are trained in the use of database software and quality assurance procedures

Coordinate changes to the field data forms and the user interface for the project database

Identify sensitive information that requires special consideration prior to distribution

Manage the archival process to ensure regular archival of project documentation, original

field data, databases, reports and summaries, and other products from the project

e Define how project data will be transformed from raw data into meaningful information
and create data summary procedures to automate and standardize this process

e Establish meaningful liaisons with state counterparts to promote sharing of data on a

timely basis

The field crew leader will be responsible for preparing supplies and equipment for field season;
ordering needed supplies; making travel arrangements; maintaining sampling equipment;
maintaining field vehicles; ensuring field personnel follow sampling protocols; preparing field
data forms, chain of custody forms, and analytical service request forms for each site; notifying
contract laboratory of planned sample shipment date; and providing project manager with field
trip and check-in schedule.

Field personnel will be responsible for following protocols and standard operating procedures
during field activities and the handling of samples.

Roles of staff are explained in more depth in section 5 of the inland lakes protocol narrative,
along with training and requirements.

Sampling Process and Design

Site Selection
The lakes selected for sampling are listed in section 2 of the inland lakes protocol narrative. A
single sampling site, typically located in the deepest part of the lake, will be the routine location
for measuring all water quality variables. Sampling the deepest part of the lake allows sampling
every possible depth to the bottom, and has a long history in limnology.






The Network will use a 0 — 2 m integrating tube sampler, following the protocol used by
Wisconsin and Minnesota and many other states. A near-bottom sample (approximately 1 meter
from bottom) will be collected via VVan Dorn sampler during mid-summer, when lakes are
stratified, for analysis of TP.

Field Collection Parameters
Core field parameters will be measured with a multiprobe (Table 2). Samples will be taken for
shipment to a contract laboratory for nutrients (TP, TN, NOs+NO-N, NHs-N) and chlorophyll-a
each sampling visit, or three times annually, and the remaining parameters (alkalinity, major ions
(ClI, SOg4, Ca, Na, K, and Mg), DOC, and SiO) once annually. In addition, a near-bottom sample
for TP will be collected once annually from stratified lakes.

Collect water sample(s) with an integrated sampling tube or VVan Dorn and process as per SOP
#7. In the field log book and on the field data sheet, record information related to the sample
collection, including:

1. Lake name and site identification code.

2. Sample date, time, and depth.

3. The amount of water collected.

4. Whether duplicate samples for quality control were collected at this site.

5. Any additional notes or observations pertinent to this sample or location for

this sampling period.

Additionally, always keep in mind the following;

e Sample containers should be labeled in indelible ink with, at a minimum, the station
name, date and time of collection, and preservation method, if applicable.

e Follow all SOPs for sample collection and preservation.

e To ensure the integrity of the sample, be aware of possible sources of contamination.
Contamination introduced during each phase of sample collection and processing is
additive and usually is substantially greater than contamination introduced elsewhere in
the sample handling and analysis process.

e Use appropriate procedures and quality-assurance measures that ensure sample
representativeness and integrity and that meet study criteria. The degree to which a
sample can be considered representative of a water body depends on many interrelated
factors including temporal and spatial homogeneity of the water body, sample size, and
the method and manner of sample collection.

Field Analysis
Dissolved oxygen, temperature, specific conductance, and pH will be measured in the field using
a multiprobe and following the methods listed in Table 2. Multiprobes typically perform within
the specifications detailed in Table 3. Other parameters may be analyzed at the field station by
field personnel in the future.






Table 2. Core suite of field variables and required in situ measurement method.

Field Variable Method
Temperature (°C) EPA 170.1

pH EPA 150.1
Specific conductivity (uS/cm) EPA 120.1
Dissolved oxygen (mg/L) EPA 360.1
Clarity (cm) Transparency tube

Specification of quantification ability for field multiprobes is not a straightforward data quality
objective exercise. Most field parameters tend to be those that characterize the waterbody and are
not usually based on a criterion limit as would be used for a toxic pollutant. Therefore,
instrument selection should be based on the parameters and ranges they can measure, but
instrument-specific estimations of the range of uncertainty for each parameter will have to be
made when interpreting data. Details on estimating instrument sensitivity are included below in
section 12.8.2.

Table 3. Typical sensor performance specifications for multiprobe field instruments.

Reporting
Expected
Sensor Range .. Estimated Bias Stabilization Criteria
Temperature -5 to 45 °C 0.01 °C +0.15 °C Thermistor: +0.2 °C
Glass: +0.5°C
?Zr())?lcdlfjlcctivity 0 to 2000 l(fafg?e] +0.5% of reading <100 pS/cm: + 5%
. 0,
(SC25) uSfem dependent) +1pS/em >100 pS/cm: + 3%
pH 1 to 14 units 0.01 unit +0.2 units + 0.1 standard unit
Dissolved 0 to 20 mg/L:
15501Ve +0.2 mg/L
Oxygen (Conc) ~ 0t0S0mgL  0.0Img/l 20050 mg/L: +03mg/L
' +0.6 mg/L
Dissolved 5N . s .
Oxygen (% sat.) 0-200% 0.1% 2% +2%
Depth-Z 0->100m olm Codm i
(pressure sensor)

* Resolution specifications are supplied by the manufacturers of the measuring meters. ?hey are not necessarily
closely related to real-world (outdoor) precision or bias, and are sometimes more related to the number of significant
figures reported rather than how accurate the extra significant figures are. This is why we will control measurement
sensitivity in the actual outdoor measuring environment at least once a year by calculating alternative measurement
sensitivity (AMS; see Irwin 2006 for more details on AMS).






Laboratory Analysis
Samples will be collected in the field according to SOP #6 for shipment to a contract laboratory
that meets QA/QC requirements outlined in Section 12.8.3 of this SOP. Samples will be
analyzed for nutrients (TP, TN, NOs/NO2-N, NHs-N) and total chlorophyll-a, each sampling
period, while alkalinity, major ions (Cl, SO, Ca, Na, K, and Mg), DOC, and SiO, which tend to
be less variable, will be monitored annually.

Methods chosen will meet quantification limits according to the criteria tabulated below (Table
4). The method limit of quantitation (ML) of the chosen method should be two to ten times lower
than the typical expected low value. The ML is the lowest value that can be quantified with
certainty. The value in the “ML needed” column of Table 4 is two to ten times lower than the
lowest value found in the pilot year of sampling water quality for each analyte. This estimation is
used as guide to the selection of the method that will be needed for this project.

The majority of the parameters listed in Table 4 are used in waterbody characterization and do
not have criterion lower limits as would a toxic pollutant. Some of the criteria available are listed
as maximums not to be exceeded and, as such, do not guide the selection of a method by ML.
Guidelines to be used, therefore, include relevant state water quality standards, EPA eco-regional
nutrient recommendations (USEPA 2000), state nutrient criteria as they are developed, data
results for these parameters from the pilot studies carried out by GLKN, lowest values for the
parameter found in relevant Horizon reports (NPS 1995a, 1995b, 1995c, and 1999), and/or
values based on the best professional judgment of GLKN staff.

Sampling Methods

Consistent methods are important to long-term quality data. In actuality, the ideal conditions are
not always met in the field or in the lab and changes in staff do occur. Therefore, documentation
of procedures, site conditions, laboratory analysis, and reasons for deviations of any kind is
important in and of itself for long-term projects. Personnel will be encouraged to write down
more than they feel may be necessary in the moment as the future interpretation of their data will
depend on the written record and not the memory of an individual.

Site Locations
Refer to description of monitoring station location, directions, and photos to verify correct
location. Verify coordinates with a GPS unit. Document this verification. This information will
be contained in a site binder along with a table of previous field measurements to compare with
new measurements.

A single sampling site, typically located in the deepest part of the lake, will be the routine
location for measuring all water quality variables. Sampling the deepest part of the lake allows
sampling every possible depth to the bottom, and has a long history in limnology. Except for
shallow lakes, this type of sampling ignores the littoral zone and always avoids the nearshore
zone, as well as embayments and other features related to morphometry.






Table 4. Analytical detection levels required for GLKN water quality monitoring.

Typical Low ab ML
Analyte Value Found Criteria Source - Comment Needed
- ND (<1) Lowest value
Alkalinit
(mg/L)° y pilot year MDL unknown
. 3 Lowest value 0.3 mg/L
DOC (mg/L) pilot year Lab MDL 0.1
Ca?* (mg/L)® 24 Horizon report MDL. unknown 0.24 mg/L
) . 0.273 Lowest value 0.02 mg/L
CI" (mg/L) pilot year Lab MDL 0.025
0.63 EPA Lower of VIl and 0.06 ug/L
Mg?* (mg/L)® 0.47 Horizon report MDL unknown 0.04 mg/L
. . 0.24 Lowest value 0.02 mg/L
Na* (mg/L)® 0.5 Horizon report MDL unknown 0.05 mg/L
\. . 0.625 Lowest value 0.06 mg/L
S04~ (mg/L) pilot year Lab MDL 0.025
10 EPA Lower of VIl and 1.0 pg/L
TP (ug/L) VIl
TN (ug/L) Vil
NH,-N (ug/L )°® 5.0 Horizon report MDL unknown 1.0 pg/L
- 2.0 Horizon report 1.0 pg/L
E\:giltl;l? N P MDL unknown Ho
_ ND (<0.1) Lowest value 0.1 mg/L
Si0z (mg/L) pilot year Lab MDL 0.2

NOTES:






a: EPA = EPA Ecoregional nutrient criteria recommendations, lower value recommended for aggregate ecoregions
VIl and VIII (USEPA 2000).

b: WQS = criteria value listed in Ledder (2003) state water quality standards

c: parameter has no official criterion for any of the states, the value reported in the analytical requirement column is
the lowest value determined in the pilot year for rivers or lakes or the lowest value found in a spot check of Horizon
reports for each park.

Field Water Measurements
Before making field measurements, properly-calibrated sensors (see SOP #6) must be allowed to
equilibrate to the condition of the water being monitored. Sensors have equilibrated adequately
when instrument readings have stabilized, that is, when the variability among measurements does
not exceed an established criterion. The criteria for stabilized field readings were defined
operationally by O’Ney (2005) for a set of three or more sequential measurements (Table 5). The

natural variability inherent in surface water or ground water at the time of sampling generally
can be compared with these stability criteria and indirectly relates to the short term bias or the
long term accuracy that should be attainable with a calibrated instrument. Dissolved oxygen
sensors that utilize a Clark cell membrane may require up to five minutes to stabilize, while
optical dissolved oxygen sensors and sensors for the other parameters typically require less than
60 seconds to stabilize. Observers should only note instrument readings after the stabilization
criteria in Table 5 are met for all the sensors, and then record readings for all parameters at once.

Measure field water quality variables and conduct sampling according to SOP #6, field
measurements and water sample collection. Quality results require consistent measurement
methods and detection limits.

Depth profiles of temperature, specific conductance, pH, and dissolved oxygen will be measured
at each sampling station using a multiparameter instrument (multiprobe). Lake level will be
determined at benchmark stations on a regular basis. Details of methods for measuring lake
levels are included in SOP #4. Clarity will be measured using a Secchi disk or transparency tube.
These core parameters will be measured when water samples for analysis of the advanced
parameters are collected.

Begin just below the water’s surface (~ 0.3 m depth) and take readings after stabilization of the
multiprobe. Lower the sensors to collect a vertical profile of field parameters at 1m intervals
until 20 m depth, and then every 2-5 m depending on overall depth and gradients. Replicate 10%
of the readings (e.g., at 1 m, 10 m, etc.); take the replicate readings immediately following the
original readings. Values should agree within 10% or the acceptance criteria in Table 5,
whichever is larger.

At all sites, record visual observation information required on the data sheet. Such observational
data can provide important information to the interpretation of field measurements.

If any analyses are to be done in-house, conduct these analyses as soon as possible upon return
from the field. A clean analytical station should be prepared in which to work, free of food items,
mud, lubricants, or lab chemicals. Hands should be thoroughly washed.

Samples for Laboratory Analysis
Prepare bottles and labels prior to field sampling as per SOP# 6. Collect samples using a 0-2 m
integrating tube sampler as per SOP #6. For all sampling, it is critical to avoid sampling water
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showing evidence of oil, gasoline or anything else from the boat. It is best to kill the engine and
set the anchor, if possible, although this may not be possible or advisable in bad weather or with
a balky engine.

Table 5. Recommended instrument stabilization criteria for recording field measurements®”.

Notes:

Standard Direct
Field Measurement

Stabilization Criteria
(O’Ney 2005)

Stabilization Criteria
In situ Multisensors

(WOW 2005)
Temperature®:
Thermistor Thermometer +0.2°C i(()S'E/)C
Liquid-in-glass Thermometer +0.5°C 0
Specific Conductivity (SC25)" .
When < 100 pS/cm 5%
When > 100 pS/cm +30 <5 uS/cm (10%)
pH®: Meter displays to 0.01 +0.1 unit + 0.2 unit (10%)
Dissolved oxygen®:
Amperometric (same as +03 mg/L +0.5 mg/L (10%)

polarigraphic) method
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a: Resolution/sensitivity is a data quality indicator related to detection limits but typically handled differently for

field probes than for laboratory parameters. For more information, see Irwin (2004).

b: In the case of field probes, bias is typically a best case maximum deviation from known correct values (typically
based on comparisons with known NIST certified reference materials or standards). True accuracy is a combination
of high precision and low bias, and is hard to quantify with the small sample sizes used to control bias and precision
in typical field measurements (see Irwin 2004 for more details).

¢: Recommended sensor calibration is quarterly. d:

Recommended sensor calibration is daily.

e: Recommended sensor calibration is at beginning of sampling day with a calibration check at the end of the day.

Prior to filling sample bottles sent by the laboratory, first rinse the bottle once with sample water,
if the bottle is not pre-preserved. Some analyses require preservation of the sample with acid,
which may be added to the bottle by the contract laboratory; in these cases do not rinse the bottle
first. Take care not to overfill the bottle if the bottle is pre-acidified, as overfilling will flood the
acid out of the bottle. If the samples requiring acid preservation are not pre-preserved, use
caution to add the ampule of preservative supplied by the lab and immediately rinse hands in
water if acid is spilled. Protective gloves are recommended.

Table 6 summarizes the variety of methods, detection limits, preservation techniques, and holding
times for water samples addressed by this protocol. These methods conform to those used by
Minnesota, Wisconsin, and Michigan for state certification of environmental laboratories involved
in Clean Water Act or drinking water sample analysis (MDH 2005, WSLH 2003, MDEQ 2005).
They are also used by EPA-funded research projects of natural waters in the upper midwestern
U.S. Holding times shall in no case be less stringent than those recommended by EPA in 40 CFR
Part 136 to 136.3 and appendices. Refer to SOP #6 for additional details regarding sample
collection and preservation.

Samples are stored in a cooler with ice packs during field sampling. Prepare samples for
shipment according to the contract laboratory’s protocols. These protocols will be provided to

the field sampling personnel for each sampling round so that the proper procedures are accessible
in the event of contract laboratory changes. In general, samples are shipped on ice to maintain a
temperature of approximately 4 "C. A plastic bag is placed in the cooler first. Sample bottles are
packed among zip lock bags of ice and/or ice packs to prevent water leakage into the sample
bottle during shipment. Prepare a temperature check bottle for each anticipated cooler, if
recommended by the contract analytical laboratory. Use tap water to fill an extra bottle of the
same size used for one of the analytes and label as “Temperature Check”. Store this check bottle
in refrigerator with other samples; package and send to the analytical laboratory with the other
samples. Some analyses require the sample to be frozen for shipment; such frozen samples are
likewise packed among ice packs for shipment to the contract laboratory.

Follow the shipping company’s requirements in preparation of the cooler of samples for
shipment. Packaging problems may cause delays in shipment, which can mean that samples do
not arrive at the laboratory at the proper temperature or past holding time, compromising data
quality. In general, the ice and samples should be contained within a sealed plastic bag within the
cooler so that the cooler does not leak. Packing tape should be wrapped around the cooler
vertically and around the lid seam horizontally to ensure it remains closed. A note on the cooler
that it contains water samples is helpful as well so that if leakage occurs, carriers will know the
contents are not hazardous.
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Sampling Forms
Before leaving the monitoring site, all field forms and sample labels must be reviewed for
legibility, accuracy, and completeness. Any changes in procedure due to field condition must be
explained in the comments section. Make sure the information is complete on all forms. Record
the departure time on the field form. After reviewing each form, initial the upper right corner of
each page of the form. Document any photos taken by including the photo number and roll
number or digital camera photo number on the field form.

Table 6. Example range of analytical methods, method detection limits (MDLS), containers, and
holding times.

Analytical Vol. Sample Hold
Analyte Note 1 Method # Det. Limit (ml) Filter Preservation Egglg Time
Alkalinity Titrimetry 310.1 EPA-NERL 10 mg/L 40C 14 days
Spec. auto. 310.2 EPA-NERL 10 mg/L 4°C 14 days
Titrimetry NFM USGS-OWQ 0.01 meg/L Note 4 None none
ICP ~ 3120B APHA 10  ug/L Note 3 pH<2 HNOs PorG 6 mos
Calcium Titrimetry 2152 EPA-NERL 0.5 mg/L Note 3 4°C 6 mos
FAA I-3152USGS-NWQL 01 mg/L 250 mL  Note 3 pH<2 HNO3 P 180 day
IC ~300.0 EPA-NERL  0.02 mg/L 4°C PorG 28
Chloride day
Colorimetry ~ 3252EPA-NERL 1 mg/L 4°C 28 day
Titrimetry 4500-Cl APHA - 0.15mg/L 100 mL 4°C PorG 28 day
Chlorophyll-a Spect. 10200 APHA ) 2 ug/L <1L Note 4 Freeze filter P 30day
Color Spect_. ~ 110.2EPA-NERL 5 Ptunits Note 5 4 G 48
Qoyrs Vis. Comp. 1-1250 USGS-NWQL 1 Pt-co 250 mL___ Note 5 4°C P 30
DOC Spect. . 415.3 EPA . 0.018 ma/L 125 Note 3 pH<4H,S04 G 28 days
Spect. 0-1122-92 USGS 01 mag/L 4°C AG
K ICP ] 3120B APHA _ 0.3mg/L Note 3 pH<2 HNO: P.orG 6 mos
FAA 3111B APHA ) 5 ug/L Note 3 pH<2 HNO3 PorG 6 mos
Mg ICP i 3120B APHA 20 ug/lL Note 3 pH<2 HNOs Por G 6 mos
FAA 3111B APHA ~ 05ug/lL Note 3 pH<2 HNO3 Por G 6 mos
Na ICP ] 3120B APHA ~ 30ug/L Note 3 pH<2 HNOs Por G 6 mos
FAA 3111B APHA ) 2 ug/L Note 3 pH<2 HNO3 PorG 6 mos
Selective elec. 4500-NHsE ~ 0.08 mg/L 4°ClpH2,0°C 24h/28d
NH4-N Colorimetry ~ 350.2 EPA-NERL ~0.08 mg/L pH<4 H2S04 28 day
Titrimetry 4500-NHs APHA 5 mg/L 4°C/pH2,0°C 24h/28d
ICP ~ 3120B APHA  20ug/L Note 3 pH<2 HNOs PorG 6 mos
SiO2 Spect. ~ 4500- Si0. DAPHA  0.04 mg/L Note 3 No,4°C P 28
days
FIA-Spect. 4500- SiO2 FAPHA  0.78 ug/L Note 3 No, 4°C P 28 days
TSS Gravimetric 1-3765 USGS-NWQL 1mg/L i%% Noted  goc filter P NA
IC 4110C APHA 75 ug/L Note3  pH<4 H:SO4 PorG
SO4 CIE-UV D6508 ASTM 0.1 mg/L Note 3 pH<4 H2S04 ASAP
Spect. 37512 EPA-NERL 0.5 mg/L Note 3 pH<4 H.SO4 PorG 28 days
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Spect. ~ 1-2606 USGS-NWQL 0.001 mg/L  125mL MgClI 4°C BrownP 30

days TP AlkalineP USGS 2003 0.01 mg/L 120  mlNote 6 4°C /H,S0q4 48 h/30d
ICP 200.7EPA-NERL 60 ug/L pH<2 HNO3 P 6 mos

Alkaline P USGS 2003 0.03 mg/L 120 ml  Note 6 4°C /H,SOq4 48 h/30d

TN Titrimetry 4500-N 0-100 mg/L 4°C AG 7 days

Combustion 440.0 EPA-NERL 0.1 mg/L Filter 100 day

Source: National Environmental Methods Inventory website (NEMI 2006)

This list is not an endorsement of any particular method or laboratory for any particular analyte. Rather it is to be
used as a reference for the range of analytical methods available for each analyte. There are surface water conditions
(pH, turbidity, other elements) that make a particular method unsuitable for a particular situation. As GLKN is
monitoring surface water, the methods listed were chosen as representative of the lower range of detection limits.
Note 1. CIE-UV= capillary ion electrophoresis with UV detection, FAA = flame atomic absorption, FIA = flow
injection analysis, IC= ion chromatography, ICP = inductively coupled plasma, Spec. auto = spectroscopy with
autoanalyzer

Note 2. P = plastic (polypropylene), G=glass, AG=amber glass

Note 3. 0.45um membrane filter. Pre-filter for dissolved portion analysis.

Note 4. 0.45um glass fiber filter.

Note 5. 0.45um membrane filter or centrifuge is recommended to remove suspended solids that affect color,
however some color will also be removed.

Note 6. USGS 2003. Evaluation of Alkaline Persulfate Digestion as an Alternative to Kjeldahl Digestion for
Determination of Total and Dissolved Nitrogen and Phosphorus in Water By Charles J. Patton and Jennifer R.
Kryskalla. U.S. Geological Survey Water-Resources Investigations Report 03-4174.

Handling and Custody

One part of proper data and sample handling procedures is to provide a complete record of the
methods and procedures followed. Complete records are important to long-term monitoring so
that anyone using the data may trace the sampling history.

Field Data
Field data will be collected on forms printed on waterproof paper. While at each monitoring site,
the information recorded on the forms should include:

Date and day of week

Time of arrival

Names of field team members

GPS coordinates, to verify location

Current weather (air temperature and wind speed) and relevant notes about recent

weather (storms or drought)

Observations of water quality conditions

e Description of any photographs taken

e Multiparameter sonde (model), calibration date, and field measurements of core suite

variables

e Sample identification numbers and collection times for advanced suite variables or

quality assurance samples

Samples taken for laboratory analysis

Whether any samples were not collected, and reason

Water level

Any other required metadata for NPSTORET data entry

Time of departure
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All entries should be made clearly. If an incorrect entry is made, a single heavy line should be
drawn through the incorrect entry and the correction made. All corrections should be initialed and
dated. The completed field forms will be maintained in chronological order by station, copied
into site binders and the originals maintained on file indefinitely. Field data are reviewed
annually by network personnel (see SOP #8, Data Entry and Management, for details).

Site/Sample Identity Codes
Sampling stations will be identified by park and water body according to Network guidance.
Information on the sampling station and park will comply with NPSTORET requirements.

Data Transfer
Enter field and laboratory data into NPSTORET as soon as possible after receiving the data,
according to SOP #8. Field forms are the only written records of field measurements; place
copies in office binders and keep originals on file indefinitely. Program sampling data and
associated records are archived and stored in the GLKN Ashland Office. Boxes are numbered
consecutively by year, project, and station number.

Personnel entering data into the database should take care to enter laboratory data in consistent
units. Different laboratories may report analytical results in different units (mg/L vs. pg/L) for
the same analyte. Follow SOP #8, Data Entry and Management, when entering data.

The contract laboratory should use the STORET-supported laboratory remark codes (Table 7) or
provide a map relating their remark codes to these. Unlisted remark codes should be discussed for
possible addition by the USEPA to the STORET codes. The detection descriptors to be used in
data entry to STORET are listed in Table 8.

Table 7. STORET-supported laboratory remark codes.

AL Aldol condensation present. Analyte may not be present.
CNT Non-acceptable colony counts.

EHT Sample or extract held beyond acceptable holding time.
FBK Analyte found in blank. Sample contamination indicated.
FDB Failed. Dry blank not acceptable.

FDC Failed. Drift check not acceptable.

FIS Failed. Internal standard not acceptable.

FLD Failed. Lab duplicate not acceptable.

FFD Failed. Field duplicate not acceptable.

FFB Failed. Field blank not acceptable.

FFS Failed. Field spike not acceptable.

FFT Failed. Trip blank not acceptable.

FLC Failed. Linearity check did not meet quality criterion.
FLS Failed. Lab spike recovery not acceptable.

FMS Failed. Matrix spike recovery not acceptable.

FPC Failed. Lab performance check not acceptable.

FQC Failed. Quality control criteria exceeded during analysis.
FRS Failed. Internal reference sample not acceptable.

FSP Failed. Surrogate spike recovery not acceptable.

FSB Failed. Spiked field blank recovery not acceptable.

FSL Failed. Spiked lab blank recovery not acceptable.

INT Interference suspected. Analyte may not be present.
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ISP Improper sample preservation noted. Analysis performed.

LIS Lab internal standard(s) added to sample.

LLS Value less than lower quality control standard.

PRE Presumptive evidence that analyte is present.

NJ TIC, Tentatively Identified Compound, result is approximate
N TIC, Tentatively Identified Compound, presumptive id only
ouT Result value is defined as an outlier by data owner

SUS Result value is defined as suspect by data owner

Table 8. STORET detection descriptors.

Detected and Quantified
*Non-detect

*Present >QL

*Present <QL

*Not Reported

*Present

Sample Transfer
Conduct sample processing per SOP #7. Refrigerate or freeze samples, as required. Conduct in-
house laboratory work and package samples for sending to contract analytical laboratory. Sample
preservation and conditions for shipment will differ for each parameter; these needs should be
discussed ahead of time with the contract laboratory and documented. Fill out the analytical
request form and chain-of-custody (COC) form provided by the laboratory (examples are
included in SOP #7). The COC form is used to document the taking, shipment, and receipt of
samples. The laboratory will use the COC to check samples into the analytical process. Clean all
transfer bottles and equipment according to SOP #7. Water samples are maintained as close to
sampling conditions as possible by shipping on ice. Chain-of-custody documentation will be
maintained. A chain-of-custody includes not only the form, but all references to the sample in
any form, document, or log book that allow tracing the sample back to its collection, and
documents the possession of the samples from the time they were collected until the sample
analytical results are received.

Analytical Methods

Field equipment and contract laboratories are likely to change during the course of this long-term
monitoring project. Documentation will be maintained, therefore, as regards each multiprobe and
contract laboratory’s ability to meet the data quality objectives of this project. Forms for this
purpose are included in Attachment A. These completed forms for each multiprobe and contract
laboratory will be maintained along with the maintenance logs for the multiprobe and QAPPs for
each analytical laboratory.

Field Methods
One important aspect in the low uncertainty/bias and high precision of a water quality
monitoring program is the correct selection probes for measuring field variable and their
subsequent calibration and maintenance. Table 3 lists typical field sensor performance
specifications that should be expected from monitoring equipment for this protocol. Table 9
summarizes the ideal calibration frequency and minimum acceptance criteria for these sensor
probes. The reality of logistical constraints at back country sites may preclude calibration and






checks of calibration at the ideal frequency.

Table 9. Ideal calibration frequencies and acceptance criteria for field instruments.

USEPA  Minimum Calibration Frequency and Acceptance
Parameter Method QC checks Criteria Corrective Actions
Annually, 2-point check with NIST Re-test with a different
Temperature 170.1 thermometer +1.0°C thermometer; repeat
- measurement
Dal':)y prior tr? ﬁlild mobilizat:]on; ; Re-test; check low battery
- calibration check prior to each roun - . .
Specific of sampling: 10%p0f the readings taken +5% |nd|ca't0r, usea different
Conductance 120.1 . meter; use different
each day must be duplicated or a :
(SC25) . o standards; repeat
minimum of 1 reading if fewer than 10
RPD 10% measurement
samples are read.
Daily, prior to field mobilization (two
buffers should be selected that bracket
the anticipated pH of the water body to  +0.05 pH unit
be sampled); Re-test; check low battery
indicator; use different
Calibration check w/ third buffer prior standards; repeat
pH 150.1 to each round of sampling; check with measurement; don’t move
' low ionic strength buffer in addition, if cords or cause
conductivity is <50 uS/cm +0.1 pH unit friction/static
10% of the readings taken each day
must be duplicated or a minimum of 1
reading if fewer than 10 samples are RPD 10%
read.
Re-enter altitude; re-test;
check low battery indicator;
Daily, prior to field mobilization; 0.2 mg/L chgctlmembrane f(_)r
Dissolved check at the field site if elevation or concentration U/ INKIES, tears or air
360.1 barometric pressure changed since or bubbles; replace
Oxygen ' S membrane; use a different
calibration +10% . .
saturation meter; repeat measurement;
allow more time for
stabilization
Daily, prior to field mobilization,
check at the field site. Check annually
against commercially purchased brass Retest, check low battery
Depth B sash chain labeled every 0.5 m to +01m indicator; repeat
ensure that it reads zero at the surface - measurement; use with
and varies <0.3 m for depths <10 m accurately calibrated line
and no more than 2% for greater
depths.
Transparency Transparency tubes have a 100 or 120 £1.0 cm for
tube - cm scale; ensure tube is clean transparency
' tube
. Check markings annually against brass
?gzrkes(llgfis B sash chain. If lines are heated (for +1%. 0-10m  Re-mark line
V.;;m”Dorn) ' decontamination) check prior to each 20 >10 m '
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round of sampling.

Ensure calibration standards are not used beyond expiration dates. Refer to SOP #6 for an
explanation of each parameter measured, guidelines on potential field measurement problems,

and other details on performing calibration checks. Keep the manufacturer’s manual with each
instrument for aid in troubleshooting.

Used calibration solutions, in general, may be rinsed down a sink with water after consideration
of the wastewater treatment system available to that sink. Material safety data sheets (MSDS)
which are sent with manufacturer purchased calibration solutions should be kept on file. These
documents describe the flammability, toxicity, and other safety hazards of reagents. Some
reagents may include constituents toxic to aquatic life. These should not be rinsed down a sink in
any large quantities in primitive areas where the ultimate destination of wastewater is the aquatic
environment. These reagents should be collected in a leak-proof container that is properly
marked, and disposed of in an adequate treatment system.

Calibration logs for multi-parameter sondes will be maintained and will document the frequency
of calibration and calibration checks. Data reporting units will be standardized by using the data
sheet. Keep calibration and maintenance logs for multiparameter sondes with the sonde during
the sampling season. Logs will later be archived at the Network office in Ashland, Wisconsin. A
new log will be started for each field season.

Field Equipment Performance Criteria
Estimates of the completeness, representativeness, precision, comparability, and systematic error
of data generated by the use of a multiprobe will be estimated and documented according to this
SOP.

Data will be considered representative of the lake when procedures detailed in the inland lakes
protocol narrative and associated SOPs are followed. Actual sampling location and changes due
to field conditions will be documented on the field forms. Data will be comparable year-to-year
as objectives and methods chosen are consistent within documented NPS GLKN sampling
procedures.

Field Data Completeness

The completeness of data collected, or percentage of intended field measurements that were
actually made, will be calculated at year’s end according to the formula below.

Percent _completeness = |(#samples_ collected \1 x100 (1)
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Instrument Sensitivity

Sensitivity of the multiprobe will be documented through an estimation of the limits of detection
known as alternative measurement sensitivity (AMS). The AMS for each multiprobe will be
estimated annually, and for any new multiprobes, by taking multiple (at least 7) measurements in
a field simulation for each parameter. Alternative Measurement Sensitivity (AMS) is a two-sided
estimation based on the 99% confidence interval for sample size 7. Of interest is the size of the
difference between two individual values that can be considered to actually be a true difference.
This calculation differs from the MDL, which is a one-sided true difference from zero. The
standard deviation will then be calculated and used in the estimation of AMS (3.708 x SD). This
estimation will be carried out and documentation kept for a new probe and annually thereafter. A

checklist (Attachment A) will be used for this documentation. Documentation will be kept in the
project files.

Instrument Precision

The precision of the multiprobe will be estimated through the use of duplicates. Duplicates will
be measured each day in the field at a rate of 10% (or 1 per park sampled if fewer than 10 sites
are sampled). A reading will be considered a duplicate when it is repeated at a particular
sampling site immediately after it is initially taken. Only the surface reading need be replicated.
This will reduce the contribution of variability from the variability of the lake itself. Precision
calculations are made by way of a Relative Percent Difference (RPD). Measurement Quality
Objective (MQO) for precision: The RPD should be less than or equal to 10%; details and
corrective actions are listed in Table 10. Calculate precision as follows;

( A-B
Precision:k(,‘wW %100 ©)

where A is the first reading and B is the second reading taken immediately after the first.

Table 10. Frequency, acceptable range, and corrective actions for quality control (QC) samples.

Type of QC Frequency Acceptable Range for Corrective Action
Sample MQOs
. . Audit field personnel and verify sample
Minimum of 1 per trlp 23 |le3(étr|a0rﬂ tg?g?'_dllgé}, resample;
. . 0 T 0
Field Duplicate per parameter or 10%  samples RPD. chlorophyll-a, TSS and nutrients + 30%
(samples) of all samples per

parameter per day

Minimum of 1 per trip All parameters £10% RPD
Field Duplicate per parameter or 10%
(multi-probes)  of all samples per

parameter per day

All parameters + 15% RPD
One each per

I(_;?)kr)](t)rrgfogé analytical batch,
i minimum 1 per 20
(bias)

Y






reanalyze; manager instrument; replace audit and train field personnel; project

revise determines batteries; perform manager determines whether

SOP; audit whether instrument field check

and train associated data is with different According to laboratory QAPP, ensure
field usable standards; repair or re-calibration, re-analysis and ’
personnel; . replace instrument; documentatio’n

project Re-calibrate notify management; '

Instrument Bias
The systematic error/bias of the multiprobe will be estimated through the use of reference
solutions. Reference solutions will be measured prior to each round of sampling, in the lab or
field. The results will be documented and used as a calibration check according to Table 9 as
well as for a long-term estimate of systematic error/bias. Bias calculations are made by way of a
Percent Difference (PD). Calculate bias as follows:
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where X is the known (or expected) amount, and Y is the measured concentration.

Laboratory
The ability to use environmental data to reveal long-term trends requires consistent analytical
methods and detection limits. The NPS recommendation is to use only laboratories with NELAC
certification or at least certification by the state programs that also use the laboratory. The chosen
contract laboratories must prove their capability annually through participation in blind quality
control checks and other methods prescribed by the states in which they receive certification
and/or federal programs in which they participate. Copies of certifications for each analyte
and/or method will be kept on file along with Quality Assurance Project Plans (QAPPs) for each
laboratory contracted for the duration of this monitoring effort.

The method used in calculating method detection limits (MDLs) and method limit of quantitation
(ML) or laboratory reporting limits (Lt-RL for USGS labs) may differ for each contract
laboratory. Most laboratories routinely recalculate MDLs, MLs, and QC sample control limits
using repeated measurement of standard samples or multiple percent recoveries on a quarterly or
annual basis. The GLKN will request and maintain copies of this information as most recently
calculated for the relevant analytical methods to assist in the selection of contract laboratories,
data validation, and AMS calculations.

A checklist to be used in selecting contract laboratories and documenting their compliance with
GLKN QA/QC expectations is included in Attachment B.

Great Lakes Network staff validating laboratory data for database entry should take care to
ensure that data are entered in consistent units, as different laboratories may report results in
different units (mg/L or pg/L) for the same analytes. A checklist to be used in data validation is
included in Attachment B.

Laboratory Performance Criteria
Comparability, representativeness, precision, systematic error, and completeness of data
generated by contract laboratories will be estimated and documented according to this SOP
during data validation. Table 10 can be used as a guide. Unless otherwise justified (for example,
to be consistent with State requirements), in no case will Measurement Quality Objectives less
stringent than the following be accepted:
e Precision - A maximum of 10% RPD for all lab parameters except chlorophyll-a and
nutrients, for which the maximum RPD is 30%
e Bias— A maximum of 15% PD for all parameters, or State credible data defaults,
whichever is more stringent.

All MQOs will be used as data rejection criteria.
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The data delivery package must contain QC sample results and an explanation of new STORET
and NPSTORET compatible laboratory flags. A checklist to be used for documenting this
procedure is included in Attachment B.

Data generated will be considered representative of the particular site when samples are taken
according to the sampling protocol for each sampling objective. Actual sampling location and
changes due to field conditions will be documented on the field forms. Data will be comparable
year-to-year as objectives and methods chosen are consistent within documented sampling
procedures.

Laboratory Data Completeness
The completeness of data analyzed, or the percentage of intended sample measurements that
were actually made, will be calculated at year’s end according to the formula below. Data points
may be missed due to site conditions, sample container breakage, or disqualified analyses due to
control limit exceedances in the laboratory. The reasons for missing data should be documented.

Percent _completeness = |( #g samples_ anlalyzedl ] x100 4)
\ N )

Determining required sample sizes and attendant completeness goals was done in a stepwise
manner, considering desired statistical power and minimum detectable differences (see
discussions in the protocol narrative). Should percent completeness ever fall below sample sizes
needed for MDD and analysis of trends, adaptive changes will be made to ensure it does not
happen again.

Laboratory Sensitivity
Measurement sensitivity is estimated in laboratory analysis through the use of signal to noise
ratios or the standard deviation of repeat measurements of a low level reference standard. The
method each laboratory uses to calculate MDLs and MLs will be documented using the data
validation check list. This information will be reviewed during data validation and kept along
with other QA/QC information for each laboratory.

Laboratory Precision
Measurement precision and bias are estimated using a number of QC samples during a round of
sample analysis for each method. A reference standard of a certified known concentration is
analyzed along with samples at a rate specified by the laboratory’s QA/QC program. The results
of these samples are reported and the percent difference calculated. Laboratory duplicates of
field samples are also analyzed. This is a field sample that is split or subject to repeat analysis
within the laboratory to estimate and control precision repeatability. Relative percent differences
are calculated for laboratory duplicates. The percent difference and RPD of these QC samples
should fall within the control limits specified by the laboratory (usually 10% to 20% depending
on the type of analysis made).

Field duplicates are to be sent to the analytical laboratory at a rate of at least one in every 10
samples. A field duplicate is a split sample, or at minimum, a sample co-located in time and
space. The duplicate is usually given a separate sample identity on the sample label and forms,
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and it is noted on the field form for which sample this is a duplicate. This is a separate check on
precision and repeatability of the laboratory analysis. The precision measurement is calculated
using the Relative Percent Difference (RPD) between duplicate sample results per analyte.
Precision estimates should be performed within seven days of receipt of laboratory results as part
of data validation. Acceptance criteria and corrective actions are summarized in Table 10.

Laboratory Bias
Systematic error/bias (formerly referred to as percent recovery) is estimated for each laboratory
method through the analysis of spiked samples and/or certified reference materials. Spiked
sample analyses are conducted by the contract laboratory to ensure the reported data are
accurate, or compare favorably to the true values. A spiked sample consists of a sample with a
known concentration of analyte added before any sample preparation procedures are carried out.
Sample and spiked sample are analyzed using normal procedures and the percent spike
difference is calculated. Percent difference is calculated as bias (equation 3, above).

Other sources of systematic error in monitoring programs include sample cross contamination
from field sampling equipment used to handle a multiple number of samples. Equipment blanks
are used to estimate whether systematic error is added to sample data during sample handling.
The integrated sampler is to be rinsed in the field three times at each site prior to taking samples.
Compositing jugs that are not site-dedicated may also be a source of cross contamination. Collect
an equipment blank periodically, as follows:
1. Inbetween sample sites, rinse the equipment used to transfer water samples (integrating
sampler or compositing jug) with laboratory reagent grade water three times and discard.
2. Rinse with a fourth aliquot and save this aliquot to lab bottles as if it were a lake sample
to be analyzed.

This sample is labeled equipment blank and information kept on a datasheet describing the
source of the blank. Results for all parameters should be non-detect. This type of blank is a check
for cross contamination between sampling sites and control for bias introduced by cross
contamination.

The laboratory QAPP should define control limits to be used during analysis of samples. If the
analysis QC samples are not meeting the control limits, the analysis is usually repeated after re-
calibration. This protocol should be documented in the lab’s QAPP. During data validation
GLKN will ensure that the laboratory performance meets the precision and bias MQOs tabulated
in Table 10.

Changing Methods and Documenting Cumulative Bias
When a field method is changed, the cumulative bias, or change in sampling results due to the
method change alone, should be estimated. Cumulative bias can become significant over time
even though changes in methods are small. When change occurs due to a scheduled change in
staff, both the new staff member and old staff member should perform side-by-side field
measurements several times (minimum of seven) during training when possible. The results for
both will be compared as below.

When purchasing a new probe, it should be used for a minimum of seven measurements side-by-
side with the existing probe when possible.

22





When a change in laboratory methods is made by the laboratory, the laboratory will be
responsible for estimating any bias introduced by the change. When a laboratory contract is
changed to a different laboratory, a minimum of seven samples will be split for analysis in both
labs. Data from these comparisons will be used to calculate a percent difference (PD) and
fraction of change:

new —old
PD=|__ [x100 (5)
old
_ ( old )
Fraction of change=|___ (6)

\ new

where old = data from the older or original method and new = data from the new or replacement
method. Ideally, the average PD (two-sided 95% t-distribution confidence interval) will be
within 20% of the mean of the old or the new method measurements. If this is not the case, the
number of overlapping measures should be increased until this criterion is met (Irwin 2006).
New values can then be normalized to the old method value by multiplying them by the fraction
of change.

Any bias should be stated clearly and documented. Documentation will be stored within each
site file and should also include:
e all raw data pairs for future use
standard deviation
the MDL or AMS of the method
number of paired samples
95% t-distribution confidence interval for the measurement difference
dates between which overlapping measurements were made
date documentation calculation was made

These comparison of methods will be carried out, when possible, in order to document any bias
that is introduced into the long-term data by a change in methodology and not in the actual
environment. Due to the logistical realities imposed by sampling in remote locations and the
reality of equipment loss or damage and abrupt changes in staff, this type of comparison may not
always be possible.

Instrument Calibration Frequency, Inspection, and
Maintenance

Instruments used in field measurement or laboratory analysis often require frequent inspection
and maintenance to ensure they are in good working order. Calibration frequencies differ by
instrument and should be spelled out in SOPs for both field and laboratory work to ensure
consistency.
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Field Instruments

Each instrument must have a logbook. The calibration schedule must be observed, using fresh
calibration standards. Calibration solutions may be disposed of by rinsing down the work space
sink if the contents do not include constituents which would harm the pipes or aquatic life on the
receiving end of the available wastewater treatment (see relevant MSDS sheets). Calibration
checks must be documented.

When sensor probes are to be stored for extended periods of time, thoroughly clean sensors,
remove batteries, and store sonde according to specific instructions in SOP #11 and
manufacturer’s manual. Store calibration standards and electrolyte solutions in a temperature-
controlled environment.

Laboratory Instruments
Instrument calibration and verification is performed at least once a day for each analytical
method prior to the analysis of samples. Each laboratory specifies its own procedure, which
should include multiple point calibrations plus a blank, continuing calibration verification, and
final calibration verification at the end of an analytical run. Each laboratory should define the
procedures in a QAPP. Review of these procedures will be documented using the laboratory
checklist in Attachment B.

Inspection and Acceptance of Supplies and
Consumables

Monitoring water quality requires many pieces of equipment and a large amount of supplies.
Table 11 lists the SOPs that include checklists of supplies and equipment. When new equipment
IS received or equipment is returned after repair, inspect it for flaws and test it to ensure proper
functioning. When supplies are received, inspect them to ensure containers are properly sealed.
Ensure reagent containers are dated upon receipt and upon opening. Commercially purchased
calibration standards come with an expiration date that must be observed.

Table 11. Checklists of equipment and supplies for monitoring water quality of inland lakes.

Checklist Location
Safety equipment and supplies SOP #2
Decontamination equipment and supplies SOP #5
Field equipment and supplies SOP #6
Laboratory equipment and supplies SOP #7

Records Management

All records must be kept, from field activity through sample results. Required metadata will be
complete. Table 12 summarizes the QA/QC procedures related to data management. For more
details on the Great Lakes Network’s overall strategy for metadata generation, management, and
distribution see chapter 8, Data Documentation, of GLKN’s Data Management Plan (Hart and
Gafvert 2005) and the appendices of that document.
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Table 12. Summary of QA/QC procedures pertaining to data management.

Procedure Description
Instrument calibration logs Each instrument must have a logbook.
Field forms are the only written record of field measurements.
Field forms Place copies in site binders and keep originals on file
indefinitely.

The precision measurement is calculated using the Relative
Percent Difference (RPD) between duplicate sample results per
analyte. Precision estimates should be performed within 7 days
of receipt of laboratory results.

Estimating precision

Approximately 10% of electronic data entries should be spot
Electronic data entry checked for errors on a random basis. If errors are found,
another 10% are spot checked.

Sampling data and associated records are archived in boxes
Data archiving and stored at the GLKN Ashland office. Boxes are numbered
consecutively by year, project, and station number.

Data validation is the process that determines whether quality

Data validation control objectives for data collection were met.

Data validation reports provide a narrative that discusses any
Data validation reports deviations from QA/QC procedures and the impacts of those
deviations.

Data verification demonstrates that a data set will qualify as
credible data.

Data verification
Data verification reports document the results of the data

Data verification reports e
verification procedure.

R Data must be fully qualified before uploading to the Water
Data qualification codes Resources Division’s NPSTORET

Data will be archived according to SOP #8 (Data Entry and Management) for digital data, paper
copies, and field forms. Field forms are maintained indefinitely. Brief characterizations of the
data from each NPS unit that was sampled and the Network as a whole will be performed each
year, after all QA/QC procedures have been completed. For each station sampled, these
descriptive statistics will include mean, median, maximum and minimum values, skew, kurtosis,
and measures of variability (e.g., CV, standard error, variance) for each water quality variable.
Understanding of landscape-scale dynamics will be provided by analyses of variability among
stations within the domain of interest (e.g., park unit), following one of several approaches
described in SOP #9, Data Analysis.






A ‘Memo-to-file’ will be used to document any decisions or corrections that are made. This
memo will include the date, name of author, site or sample referred to, a description of the
problem or error and a statement describing the decision made or action taken. The memo will be
archived with the appropriate site data and files.

Assessment and Oversight

It is the project manager’s responsibility to make sure each component of this and other SOPs are
followed.

Corrective Responsive Actions
The project manager, in consultation with experienced professionals, will be responsible for
taking corrective responsive action in the case in which QA/QC is not followed or in the case of
an unexpected event. Responsive action is often needed in the event of broken sample bottles,
missing data, errors on field sheets, changes due to field conditions, problematic analyses, and
other events that do not fall within the standard operating procedures. A “Memo-to-file” will be
used to document any decisions or corrections that are made. This memo will include the date,
name of author, site or sample referred to, a description of the problem or error and a statement
describing the decision made or action taken. The memo will be archived with the appropriate
site data and files.

Reports to Management

Routine data summaries will occur annually for lakes sampled within that year, and annual
summary reports will be produced, with the primary audience being the parks. These reports will
be provided to parks and partners as soon as possible following the sampling season.

More comprehensive analyses of trends will occur for most parameters after three or more years
of sampling. For stations that are located where no previous monitoring has occurred, this period
of time tends to be the minimum needed to establish a time series sufficiently powerful to detect
meaningful levels of change (e.g., 20%) through time. The target audience of the analysis and
synthesis reports will be the parks, the Network, both regional and Servicewide 1&M, and the
broader scientific community. Drafts will be reviewed internally and sent to the parks, and
possibly outside sources, for further review. The extent of review will depend on how
analytically complicated the methods are and the gravity of inference and recommendations.

Data Validation and Usability

Data validation is the method in which data are proven or disproved to be accurate. This process
involves the review of the results of all measurements, samples, and QC samples. Field data
sheets and laboratory data are reviewed for transcription errors, completeness, verification of
calibration and quality control check samples or standards.

A checklist for use in data validation is presented in Attachment B. Data are validated by
comparing the actual estimates for MDL and ML, precision, bias/uncertainty for each analytical
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run to the expected quality of results. Once this information is documented, the decision is made by
the project manager on the usability of the data. Data may be flagged as between MDL and ML and
therefore highly uncertain (J). Data may be flagged (B) if the analyte was detected in the blank at a
concentration similar to that in the sample (laboratory flagging rules may differ slightly). These
types of flagged data contain much more uncertainty than unflagged data. The decision must be
made whether or not to add them to the database or merely maintain them in files for future
reference. Some investigation into the sampling method or laboratory method may be needed if ‘B’
flagged data are a continual occurrence or if the required MLs are repeatedly unmet.

NPSTORET itself includes some form-based QA/QC tests on data entry. The system does not
allow entry of results below the ML but will flag the data as “present, not quantified”. The project
manager, in consultation with other NPS or outside experts, will flag data when they fall outside of
expected limits. Laboratory results below detection limits (ND) will be kept in the archives as
‘ND’ and will be handled statistically according to recent literature (e.g., Helsel 2005) in summary
and analysis reports.

Reconciliation with Data Quality Objectives

Once data validation is complete, the project manager then calculates percent completeness,
compares the results to the data quality objectives, and determines whether or not the data meet the
objectives for both the field and laboratory components of the project.

Attachment A

Check Lists for:
Analytical Methods
Selection of Multiprobe
Selection of Laboratory

Multiprobe Checklist

Probe Purchased
Serial Number Location used
Manufacturer’s Stated Limits

Reporting

. Bias Stabilization Criteria
Resolution

Sensor Range

Temperature

Sp. Cond. (SC25)
pH

DO (Conc.)

DO (% sat.)

Depth—-Z
(pressure sensor)






Alternative measurement sensitivity by multiple field readings
Location Performed by

Date Began calibration log

Sensor 1 2 3 4

Temperature

Specific
Conductivity
(SC25)

pH
(sensor units)

DO (Conc.)

DO (% sat.)

Depth—-Z
(pressure sensor)






Calculations
For each parameter calculate the standard deviation of the 7 readings.

Standard AMS

Sl deviation 3.708x sd

Temperature

Specific
Conductivity
(SC25)

pH
(sensor units)

DO (Conc.)

DO (% sat.)

Depth-2Z
(pressure sensor)

Alternate Measurement Sensitivity is a two-sided estimation based on the 99% confidence interval for
sample size 7. Of interest is the size of the difference between two individual values that can be
considered to actually be a true difference. The MDL is a one-sided true difference from zero.






Contract Laboratory Checklist

Laboratory
Address

Contact person

Received QAPP

Received copy of certifications

Received a list of analytical methods used

Define the limits of detection and limit of quantitation calculation method
(can lab report as MDL and ML if currently calculated as LOD and LOQ?)

Received a copy of latest MDL/ML/control limits calculations for relevant methods
MDL/ML as listed meet project needs
(list any analyte for which the ML requirement is not met — discuss options with lab)

Received successful interlaboratory participation documentation
Sample handling log in and COC are documented in the QAPP
Equipment maintenance and calibration procedures are documented in the QAPP
Internal QA/QC documented in QAPP
Control limits calculations are made by what method
(QC includes blanks, duplicates, spikes, reference standards and LCS)

Calibration curves cover level of analytical interest
(QC includes ICV and ICB, and CCV and CCB)

Reporting data flags used include

Attach all copies

Reviewed by Date






Attachment B

Checklists for data validation

Field Measurement Validation Checklist
(one sheet per Park sampled)

Sampling Unit

Date Sampled

Date Reviewed

Reviewed by

All field forms have been received (data sheet, flow, etc.)
Multiprobe was calibrated correctly

Multiprobe post-calibration checks were successful

Field duplicates were within range

Multiprobe end of use calibration checks were successful

There were no obvious trends in data taken from any sensor during the sampling
day

Equipment blanks sent to lab included






Laboratory Data Validation Checklist

Sample set from
Date taken
Received data
Reviewed by
Review date

Samples received by lab at proper temperature (look at COC copy from lab)
Holding time limits met

Analytical methods used in analyses were those agreed upon

Useable MDL and ML achieved in this analytical run

Calibration procedures were followed

QC samples control limits applicable to this analytical batch
Lab blank
Lab dup
Lab LCS
Lab spikes
Field dup
Eq blank
CCVs

QC samples within range expected
Lab blank
Lab dup
Lab LCS
Lab spikes
Field dup
Eq blank
CCVs

Lab notes or flags

Samples rejected

Signature of Reviewer





Standard Operating Procedure #16:
Zooplankton Collection

The objective is to sample a sufficient volume of water to obtain at least 300 organisms per sample
from all but the most oligotrophic lakes.

Summary of Method

Collect two vertical samples using a fine mesh (50 um) and coarse mesh (150 pm) Wisconsin nets
with collection bucket attached at the cod end. Each net is slowly lowered over the side of the boat
into the water. The net is retrieved back to the surface at a slow, steady rate. Lift the net out of the
water; rinse it from the outside to free organisms from the side of the net, and to concentrate them in
the collection bucket. Transfer the sample from the bucket to a 125 mL sample container. Narcotize
the organisms with carbon dioxide and preserve each sample with 95% ethanol. You will repeat the
procedure with the other net on the opposite side (or end) of the boat. The cumulative tow length for
each net is 5m. In shallow lakes, multiple tows with each net are required to achieve the cumulative
tow length.

Method

1. Determine and record the number of tows required to achieve the standard cumulative 5 m tow
on the Index Sample Collection form.

a. For lakes deeper than 7 m, you will take a 5 m tow.

b. For lakes with a depth less than 7 m, you will determine and record the number of tows
Fine mesh net

(50 pm)

Coarse mesh net

(150 pm)

Removable

Buckets
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that will be required to achieve a standard cumulative 5 m tow. For example, if the lake

is 6 meters deep, you will take two 2.5 m tows.

75ml

625m?2

525m2

425m?2

31m5

21mb5

1-205m10

c. The zooplankton collection methods vary slightly depending on the number of tows
required to achieve a standard cumulative 5 m tow.

i. If the number of tows = 1: follow steps 2 through 14 described below.

ii. If the number of tows > 2: follow steps 2 through 13 described below. After step





13, you will pour the contents of the collection bucket into a clean (i.e., DI

rinsed) 1-gallon pail. While taking care not to tip the zooplankton sample in the

pail, you will repeat steps 2 through 13 for the second tow. Add the contents of

the collection bucket from the second tow to the pail. You will continue to take

zooplankton tows and add samples from the collection bucket into the pail until

you reach your target number of tows (2, 5, or 10). Pour the contents of the pail

into the collection bucket to filter out some of the excess water. Rinse the

bucket with DI water and pour the contents of this rinse into the collection

bucket with the zooplankton sample. Once the zooplankton sample has been

filtered down to an appropriate volume in the collection bucket, you will

continue on to step 14.

2. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton nets and
buckets with DI water.

3. Carefully inspect the nets and buckets for holes or tears.

4. Attach the collection buckets to the “cod” end of the nets and secure. Make sure you attached
the correct bucket to the correct net (i.e., the mesh sizes match).

5. Attach the bridled end of the plankton net to a 0.25” calibrated line with markings every 0.5 m
(you can use the line for the Secchi disk).

6. Carefully and slowly lower the first net in a constant upright position over the side of the boat.
7. Continue lowering the net to the correct depth (remember to account for the length of the
bridle). If more than one tow is needed, be sure to take additional tows from different locations
around the boat.

8. Retrieve the net by pulling back to the surface at a steady rate (0.3 m or 1 ft/s) without
stopping.

9. Once at the surface, slowly dip the net up and down in the water without submersing the net
mouth to rinse contents into the collection bucket.
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10. Complete the rinsing of the net contents by spraying lake water against the outside of the net
with a squirt bottle or similar tool. Be careful not to splash or squirt lake water into the net
mouth, or additional organisms may be collected.

11. If additional rinsing is needed on the interior of the net, use a squirt bottle with DI water only to
avoid introducing additional organisms.

12. Once all organisms have been rinsed into the collection bucket, hold the collection bucket in a
vertical position, and carefully remove the bucket from the net.

13. Concentrate the contents of the collection bucket by swirling the collection bucket without
spilling the contents. Excess lake water will filter out of the bucket from the screened sides.

14. Repeat steps 5-13 with the second net on the opposite side (or end) of the boat.

5.5.1.3.2 Sample Processing

1. Set the collection bucket in a pail filled half full with lake water to which 2 CO2 (alka-seltzer)
tablets have been added. Ensure that the organisms in the collection bucket are submerged in

the water, but be careful not to submerge the top of the collection bucket, or sample loss will
occur. The CO2 narcotizes the zooplankton to relax their external structure prior to preservation
in 95% ethanol. This facilitates taxonomic identification. Wait until zooplankton movement has
stopped (usually about 1 min).

2. Check the sample label on the bottle to verify which sample has been collected (coarse or fine
mesh). Record the sample ID number and check that it is preserved on the form.

3. Use small volumes of DI water from a squirt bottle to rinse the contents of the mesh net





collection bucket into the 125 mL polyethylene bottle. Rinse the collection bucket with DI water
three to four times or until the majority of zooplankton have been removed without allowing

the bottle to fill more than half full (~60-70 mL of sample and rinse water combined). After the
zooplankton has been transferred and the sample bottle is half full with sample and rinsate, fill
the bottle to the shoulder with 95% ethanol. Use a funnel if necessary.

4. In some cases, the volume of zooplankton collected in the collection bucket may exceed 125 mL.
Do not try to force the entire sample into a single bottle, or the preservative will not function
properly and the sample may be lost. In such cases, fill the first bottle half full, and then use a
second bottle to preserve the additional amount of sample. Use an “extra jar” label (i.e., one
with no sample number printed on it). Complete the label, and print in the sample number
assigned to the first container on the label of the second container. On the form, record a “2” in
the “No. Jars” field.

5. Record the sample ID number and check on the form that it is preserved.

6. Verify that all information on the labels and the form is complete and correctly recorded.

7. Repeat steps 1-6 for the second sample collected.

Equipment and Supplies
e SOEI Lake Zooplankton Sample Collection Data Sheet
e Depth Finder (hand-held or boat mounted sonar)
e Measured rope (30 m, marked in 0.5 m intervals)
e Plankton Net (50 um) and collection bucket
e Plankton Net (150 pum) and collection bucket
e Funnel
e Squirt Bottle (1 L Nalgene) — de-ionized water (DI)
e Squirt Bottle (1 L Nalgene) — lake water (DI)
o CO,(Alka seltzer) tablets
e Pail (narcotization chamber)
e HDPE bottle (125 mL, white, wide-mouth)
e Ethanol (95%)
e Wetice
e Cooler

QA/QC (Should I call the re-sampling QA/QC (do we even need to re-sample?))

Re-sampling

At resample site lakes, collect additional zooplankton samples following the method described
above and detailed in SOP # (different net design, mesh sized, and cumulative tow length).
Results from this set of samples will be compared to previous zooplankton samples and potentially
serves as a means to calibrate the 2012 and 2007 results. Do we need this?

Method

Collect two vertical samples using the fine mesh (80 um) and coarse mesh (243 um) Wisconsin
nets. The sampling procedure differs for these samples compared to those described above, in that a
single tow is taken of the entire index site water column, for both the 80 um and 243um nets. Nets
are lowered to within 0.5 m of the bottom and then pulled vertically. Additionally, when the depth
of the index site is less than 2 m and the Secchi disk can be seen at the bottom, a second tow is
made and the samples combined (cumulative tow length equals 3 m or less).





1. Record the Site ID and date on the sample label. Record the length of tow (normally calculated
by subtracting 0.5 m from the water depth) on the form.

2. Prior to each use, carefully clean and thoroughly rinse the interior of the plankton nets and
buckets with DI water.

3. Carefully inspect the nets and buckets for holes or tears.

4. Attach the collection buckets to the “cod” end of the nets and secure. Make sure that the mesh
sizes of the net and bucket match.

5. Attach the bridled end of the plankton net to a 0.25 inch calibrated line with markings every 0.5
m (you can use the line for the Secchi disk, if necessary).

6. Carefully and slowly lower the first net in a constant upright position over the side of the boat.
7. Continue lowering the net until the mouth of the net is 0.5 meters above the lake bottom
(remember to account for the length of the bridle). If the depth is <2 m and the Secchi disk

could be seen at the bottom, a second tow is made and the samples combined (cumulative tow
length = 3 m or less).

8. Retrieve the net by pulling back to the surface at a steady constant rate without stopping (0.3 m
or 1 ft per second).

9. Once at the surface, slowly dip the net up and down in the water without submersing the net

mouth and help rinse contents into the collection bucket.

2012 National Lakes Assessment Field Operations Manual
Version 1.0, May 15, 2012 Page 51 of 169

51
INDEX SITE ACTIVITIES
10. Complete the rinsing of the net contents by spraying water against the outside of the net with a
squirt bottle or similar tool. Be careful not to splash or squirt lake water into the net mouth, or
additional organisms may be collected.
11. If additional rinsing is needed on the interior of the net, use a squirt bottle with DI water only to
avoid introducing additional organisms.
12. Once all organisms have been rinsed into the collection bucket, hold the collection bucket in a
vertical position.
13. Concentrate the contents of the collection bucket by swirling the bucket without spilling the
contents. Excess lake water will filter out of the bucket from the screened sides.
14. Repeat steps 5-13 with the second net on the opposite side (or end) of the boat.
15. Follow the sample processing procedure outlined in section 5.5.1.3.2.
Equipment and Supplies

e SOEI Lake Zooplankton Sample Collection Data Sheet

e Depth Finder (hand-held or boat mounted sonar)

e Measured rope (30 m, marked in 0.5 m intervals)

e Plankton Net (80 um) and collection bucket

e Plankton Net (243 pum) and collection bucket

e Funnel

e Squirt Bottle (1 L Nalgene) — de-ionized water (DI)
e Squirt Bottle (1 L Nalgene) — lake water (DI)

e CO;(Alka seltzer) tablets

e Pail (narcotization chamber)

e HDPE bottle (125 mL, white, wide-mouth)

e Ethanol (95%)





e Wetice
e Cooler
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		Introduction

		Sample Handling and Processing Procedures

		Summary of Analytical Methods

		Quality Assurance/Quality Control

		Attachment B. Applied Research & Environmental Laboratory chain of custody & analysis request

		1. Physical Habitat “Big 10” Characterization

		Summary of Method

		2. Physical Habitat “All Parcel” Characterization

		Summary of Method

		Equipment

		Method

		Establishing the Physical Habitat Plot

		General Observations

		Estimate Substrate Characteristics

		Estimate Aquatic Macrophyte Cover

		Estimate Fish Habitat Cover

		Estimate the Cover and Type of Riparian and Drawdown Zone Vegetation

		Record Evidence of Human influence



		Individual Habitat Assessment

		Baseline Monitoring of Aquatic Plants in Wisconsin



		SURVEY OVERVIEW

		Sampling Sites

		Timing of Sampling

		Time Spent Sampling

		PREPARING FOR FIELD WORK

		Field Gear

		Loading Sample Site Locations onto the GPS Receiver

		 A Garmin 76 model GPS receiver with external data port.

		Printing Datasheets

		Constructing the Rake Samplers

		Equipment Cleaning and Storage

		Data Entry and Management

		End of Field Season Procedures

		Quality Assurance/Quality Control

		Data Handling, Analysis, and Reporting

		Data Entry, Verification, and Editing

		Data Archival Procedures



		Introduction

		Database

		Data Management Procedures

		Data Collection

		Data Entry, Verification, and Documentation

		Data Validation

		Data Analysis and Reporting

		Data Folder and File Organization

		Data Archival and Distribution Procedures







		Standard Operating Procedure #12: Data Analysis

		Introduction

		Temporal and Spatial Domains

		Initial QA/QC Checks for Outliers in Data

		Annual Data Summaries

		Analyses of Long-Term Trends

		Recommended Methods for Long-Term Trend Analysis

		Approaches to Analyze Frequently-Collected Data

		Duplicate Sampling

		Other Analytical Considerations





		Standard Operating Procedure #13: Reporting

		Introduction

		Annual Summary Reports

		Conference Presentations





		Standard Operating Procedure #14: Post-Season Procedures

		Introduction

		End of Season Procedures

		Field Instrumentation and Equipment

		Laboratory Equipment



		Data Management

		Quality Assurance/Quality Control



		Standard Operating Procedure #15: Quality Assurance/Quality Control

		Purpose

		Applicability

		Summary

		Personnel Responsibilities

		Sampling Process and Design

		Site Selection

		Field Collection Parameters

		Field Analysis

		Laboratory Analysis



		Sampling Methods

		Site Locations

		Field Water Measurements

		Samples for Laboratory Analysis

		Sampling Forms



		Handling and Custody

		Field Data

		Site/Sample Identity Codes

		Data Transfer

		Sample Transfer



		Analytical Methods

		Field Methods

		Field Equipment Performance Criteria

		Field Data Completeness

		Instrument Sensitivity

		Instrument Precision

		Instrument Bias



		Laboratory

		Laboratory Performance Criteria

		Laboratory Data Completeness

		Laboratory Sensitivity

		Laboratory Precision

		Laboratory Bias



		Changing Methods and Documenting Cumulative Bias



		Instrument Calibration Frequency, Inspection, and Maintenance

		Field Instruments

		Laboratory Instruments



		Inspection and Acceptance of Supplies and Consumables

		Records Management

		Assessment and Oversight

		Corrective Responsive Actions



		Reports to Management

		Data Validation and Usability

		Reconciliation with Data Quality Objectives



		Attachment A

		Multiprobe Checklist

		Contract Laboratory Checklist



		Attachment B

		Field Measurement Validation Checklist



		Standard Operating Procedure #16: Zooplankton Collection

		Equipment and Supplies

		 SOEI Lake Zooplankton Sample Collection Data Sheet

		 Depth Finder (hand-held or boat mounted sonar)

		 Measured rope (30 m, marked in 0.5 m intervals)

		 Plankton Net (50 μm) and collection bucket

		 Plankton Net (150 μm) and collection bucket

		 Funnel

		 Squirt Bottle (1 L Nalgene) – de-ionized water (DI)

		 Squirt Bottle (1 L Nalgene) – lake water (DI)

		 CO2 (Alka seltzer) tablets

		 Pail (narcotization chamber)

		 HDPE bottle (125 mL, white, wide-mouth)

		Equipment and Supplies

		 SOEI Lake Zooplankton Sample Collection Data Sheet

		 Depth Finder (hand-held or boat mounted sonar)

		 Measured rope (30 m, marked in 0.5 m intervals)

		 Plankton Net (243 μm) and collection bucket

		 Funnel

		 Squirt Bottle (1 L Nalgene) – de-ionized water (DI)

		 Squirt Bottle (1 L Nalgene) – lake water (DI)

		 CO2 (Alka seltzer) tablets

		 Pail (narcotization chamber)

		 HDPE bottle (125 mL, white, wide-mouth)
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Mary Griggs Burke Center for Freshwater Innovation

November 24t 2015

Aaron Larson

DNR, Water Evaluation Section (WY/3)

P.O. Box 7921

Madison, WI 53707

Submitted Electronically to: DNRImpairedWaters@wisconsin.gov

Dear Mr. Larson,

| am writing in response to the request for public comment on Wisconsin’s 2016 Draft Impaired Waters
List. In particular, my comments are focused on three waterbodies in Bayfield County, south Fish Creek,
Chequamegon Bay and the Namakagon Chain of Lakes. Data we (and others) have collected over the last
three years suggest that:

1. Total phosphorus (TP) concentrations in south Fish Creek exceed the state water quality criterion
when assessed using the Wisconsin Consolidated Assessment and Listing Methodology
(WisCALM). Thus, this waterbody should be added to the 2016 impaired waters list.

2. TP concentrations in Chequamegon Bay are at, or above, the state criterion for nearshore waters
in Lake Superior. Evaluation of Chequamegon Bay for impairment is highly dependent on the
extent of the data included in the assessment. Specific guidance is necessary for the
interpretation of nutrient data against numeric water quality criteria for the nearshore of Lake
Superior.

3. TP concentrations in Lake Namakagon (currently proposed for inclusion on the 2016 list) do not
exceed the state water quality criterion when assessed using WisCALM. TP concentrations in
Jackson Lake (part of the Namakagon Chain of Lakes) do exceed the state criterion, but are likely
as a result natural processes (e.g., continual wind mixing). Thus, Lake Namakagon should be
removed from the 2016 Impaired Waters List.

South Fish Creek

A range of data exist to describe current water quality conditions in south Fish Creek. Since 2014, our
research group has collected a variety of physical and chemical data from south Fish Creek, and a series
of nearby tributaries throughout the Chequamegon Bay area (Figure 1). At each tributary monitoring site,
continuous discharge data have been collected, as well as sub-surface water grab samples. Sample site
locations were selected to describe general water quality conditions throughout the watershed and to
characterize the total load of phosphorus (and various other chemical constituents) entering
Chequamegon Bay from south Fish Creek (and a variety of adjacent tributaries). Grab samples were
collected approximately every two weeks from snow melt to ice cover and analyzed for TP, soluble
reactive phosphorus (SRP), total suspended solids (TSS), fecal indicator bacteria (E. coli) and biochemical
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oxygen demand (BOD). Biweekly sample collection was also supplemented with storm-event based
sampling. Data from biweekly and storm-event sampling are separated in the attached spreadsheet(s) to
highlight recurring monthly samples that meet the criteria for use in a condition assessment.

All data have been collected using a variety of quality assurance and quality control (QA/QC) procedures.
Discharge and water chemistry data from these sites were collected following standardized United States
Geological Survey (USGS, see attached) protocols and have been analyzed at the WDNR-certified, Applied
Research and Environmental Laboratory (ARELab) at Northland College (Laboratory Identification Number
802057300; Limit of Detection for TP = 1.5 ug/L; Limit of Quantification for TP =5 ug/L). All field samples
were collected with corresponding field blanks and all laboratory data were evaluated against laboratory
blank, replicate and matrix spike samples. All individual sample results were reviewed by three separate
analysts/managers prior to final data validation and submission to the WDNR Surface Water Information
Management System (SWIMS) database. All field and laboratory technicians are initially trained and must
document procedural and/or blind sample proficiency prior to sample collection and/or analysis.
Following initial demonstrations of proficiency, ongoing performance by all technicians is certified
annually.

Data collected to date suggest that TP concentrations in south Fish Creek (and adjacent Bay City Creek)
are significantly higher than other tributaries draining to Chequamegon Bay and that ambient
concentrations are above the state water quality criterion (Figure 2). When the WDNR WisCALM
criteria/protocol for determining impaired water status is applied, data collected between 2014 and 2015
suggest that south Fish Creek (and likely adjacent Bay City Creek) meet the criteria for impaired waters
designation.

Cheguamegon Bay

A range of physical and chemical data also exist to characterize water quality conditions throughout
Chequamegon Bay. Water quality data have been collected from 11 sites throughout Chequamegon Bay
approximately every two weeks since the June of 2014 (Figure 3). Vertical water quality profiles of
temperature, pH, dissolved oxygen and conductivity have been collected at all sites, as well as surface
water composite samples for water chemistry. Composite samples are collected using a two meter tube
methodology following a modification of United States Environmental Protection Agency (USEPA)
protocols for the assessment of lakes (see attached). Water samples from Chequamegon Bay have been
analyzed for the same suite of parameters as tributary sites (see above), but also include chlorophyll-a.
All water quality samples have been analyzed at the ARELab at Northland College. TP data were also
collected by the USEPA throughout Chequamegon Bay in 2008 using 1-liter grab samples and following a
federally approved Quality Assurance Project Plan (QAPP). TP concentration data from biweekly sampling
are described in the attached spreadsheets to highlight recurring monthly samples.

Data from Chequamegon Bay suggest that existing phosphorus concentrations were at, or above, the
state water quality criterion (TP <5 ug/L) in 2014 and 2015 and have been observed to potentially exceed
the water quality criterion in select years (e.g., 2008) by a significant margin (Figure 4). However,
evaluation of Chequamegon Bay for impairment is highly dependent on the extent of the data included in
the assessment. (Table 1). If all data from all 11 sites, collected on a monthly basis by Northland College
between June and August are averaged, the resulting TP concentration is 5.7 ug/L. If two “open lake”
sites (CB 10 and CB 11) are excluded from the analysis, the average TP concentration increases to 6.5
ug/L. If only sites inside the breakwall are considered in the analysis, the average TP concentration
increases to 9.3 ug/L. When data from USEPA from 2008 are included in the analysis, the average TP
concentration observed across these areas approximately doubles.



Lake Namakagon

A variety of data exist to describe water quality conditions in lakes throughout the Namakagon Chain of
Lakes. TP data from Lake Namakagon (WBIC 2732600), Garden Lake (WBIC 2735500) and Jackson Lake
(WBIC 2734200) have been collected by different groups over the past 15 years. These data suggest that
the annual growing season (June —August) TP concentrations in Lake Namakagon (20 ug/L) and Garden
Lake (24 ug/L) are below the corresponding water quality criterion of 30 ug/L for a stratified drainage
lake, and thus should not be listed as impaired waterbodies. The annual growing season average TP
concentration for Jackson Lake is 51 ug/L, which is over the 40 ug/L criterion for un-stratified drainage
lakes. However, this elevated TP concentration is likely a result of continual wind mixing of the water
column (see Figure 6) and not of a specific pollutant source (particularly given the limited development
throughout the watershed). All data presented below for the Namakagon Chain of Lakes were access
from the WDNR Surface Water Viewer/SWIMS database in August of 2015.

Summary and Attachments

As this letter highlights, there are a range of data that can be included in an impaired waters assessment
for south Fish Creek, Chequamegon Bay and the Namakagon Chain of Lakes. Attached for your review
are the raw data used to generate the referenced tables and figures and our associated field Standard
Operating Procedures (laboratory procedures are assessed as part of the recurring certification process
with the WDNR). The data spreadsheet is organized into four “tabs”. The first tab includes all raw TP
data referenced throughout this letter. The second tab includes all data collected from 2014 and 2015
from south Fish Creek. The third tab contains the subset of data that characterize the results from
monthly monitoring for TP throughout the south Fish Creek watershed in 2014 and 2015. The fourth tab
contains the TP results that reflect monthly monitoring on Chequamegon Bay from 2014 and 2015. All
data referenced throughout are also available through the SWIMS database. Should your review of the
existing data require any clarification of my comments, please contact me directly.

Thank you for your consideration.

Sincerely,

Randy Lehr, Ph.D.
Distinguished Professor of Environmental Science and Management
Co-director Burke Center for Freshwater Innovation
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Figure 1. Tributry monitoring sites (blue dots) located throughout the Fish Creek watershed. Fish Creek watershed is outlined in

yellow. South Fish Creek sub-basin is highlighted in red. Site acronyms are clarified in the attached spreadsheet and specific
locations are identified in the SWIMS database.
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Figure 2. Phosphorus concentrations measured in south Fish Creek as compared to adjacent Chequamegon Bay tributaries and the state water quality criterion (median of 75 ug/L)
in 2014 and 2015. “x” represents 2014 and “e” represents 2015.



L

""a_l 5 |I"'..
Washburn
(S

land N

A —

Figure 3. Routine water quality monitoring sites throughout the Chequamegon Bay and Apostle Islands. Maximum extent of
Chequamegon Bay defined by yellow dotted line. Inner Bay (behind break wall) identified by red dotted line.



Surface Water Phosphorus Concentrations
Chequamegon Bay (2008, 2014-2015)
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Figure 4. Surface water phosphorus concentrations collected from a range of sites located throughout the Chequamegon Bay as compared to the state water quality criterion.
Data from 2008 were collected by the USEPA. Data from 2014-2015 were collected by Northland College. Red bars represent daily average from all 11 sites. Red dotted line
represents total phosphorus water quality criterion of 5 ug/L.



Table 1. Total phosphorus concentrations (ug/L) from all Chequamegon Bay sites as sampled by Northland College and the United States Environmental Protection Agency
(USEPA). Individual sample concentrations are reported as averages across all 11 sites (“All Sites”), at 8 sites that represent the “Bay” (outer extent defined by the Long Island sand
spit) and three sites that represent the “Inner Bay” (defined by the Ashland Break wall).

Sites Averaged from
Site Name Total June-August
Date CB1 CB4 CB6 CB7 CB11 |Average
(USEPA 1) (cB2|CB3|(USEPA 2)|cB5| (USEPA 3) | (USEPA 4) (CB8|CB9|CB10 |(USEPA5) All Sites | Bay |Inner Bay

4/30/2008 51.1 - - 41.0 - 78.3 9.3 - - - 7.0 37.3 176 | 19.6 43.6
5/15/2008 29.6 - - 20.4 - 15.7 11.0 - - - 10.4 17.4 176 | 19.6 43.6
5/28/2008 24.1 - - 17.3 - 71 5.8 - - - 7.3 12.3 176 | 19.6 43.6
6/9/2008 56.6 - - 8.5 - 11.1 5.8 - - - 6.2 17.6 17.6 19.6 43.6
6/24/2008 30.5 - - 15.8 - 15.1 13.5 - - - 13.1 17.6 17.6 19.6 43.6
6/23/2014 27.5 34.4| 3.2 27.1 5.0 nd 6.5 nd | 9.2 | nd 1.3 10.4 6.1 7.0 11.0
7/8/2014 7.0 6.0 | 1.0 nd nd 7.0 4.0 12.0| 5.0 | 6.0 1.0 4.5 6.1 7.0 11.0
8/14/2014 12.0 40| 4.0 3.0 4.0 3.0 2.0 20| 10| nd 2.0 3.4 6.1 7.0 11.0
9/26/2014 13.7 17.9 13.7 11.0 6.2 9.7 3.6 93|52]| 39 4.7 9.0 6.1 7.0 11.0
4/17/2015 2.0 30| 20 2.0 2.0 nd 2.0 17.0| 1.0 | 7.0 nd 3.5 5.3 5.9 7.5
4/28/2015 5.0 6.0 | 7.0 3.0 4.0 2.0 2.0 30|30 20 1.0 3.5 5.3 5.9 7.5
5/14/2015 12.0 12.0( 13.0 4.0 4.0 5.0 6.0 6.0 | 60| 50 4.0 7.0 5.3 5.9 7.5
6/1/2015 13.3 11.8| 9.2 4.8 5.3 3.7 5.1 31134 29 2.9 6.0 5.3 5.9 7.5
6/10/2015 9.6 13.8| 9.9 4.5 5.6 10.4 4.8 57| 47| 28 nd 6.5 5.3 5.9 7.5
6/23/2015 14.0 11.0| 5.0 8.0 5.0 10.0 3.0 12.0| 3.0 | 1.0 2.0 6.7 5.3 5.9 7.5
7/8/2015 3.0 3.0 20 3.0 2.0 5.0 6.0 50| 30| 20 2.0 3.3 5.3 5.9 7.5
7/27/2015 2.0 50| 2.0 3.0 2.0 3.0 3.0 6.0 | 40| 20 3.0 3.2 5.3 5.9 7.5
8/4/2015 3.0 6.0 | 5.0 5.0 7.0 5.0 2.0 70| 30| 30 nd 4.2 5.3 5.9 7.5
8/17/2015 nd - nd - nd - nd - - nd nd nd 5.3 5.9 7.5
9/9/2015 7.0 50 | 6.0 5.0 2.0 4.0 5.0 50| 40| 3.0 - 4.6 5.3 5.9 7.5
9/26/2015 14.0 15.0] 13.0 9.0 6.0 10.0 4.0 9.0 90| 40 5.0 8.9 5.3 5.9 7.5
10/6/2015 10.0 11.0{ 9.0 7.0 5.0 7.0 4.0 6.0 80| 3.0 4.0 6.7 53 5.9 7.5
Cumulative Averages Without 2008 Data from USEPA 5.7 6.5 9.3

Cumulative Averages With 2008 Data from USEPA 9.6 |10.9| 20.7
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Figure 5. Annual average phosphorus concentrations as compared to the state water quality criterion for Lake Namakagon (a), Jackson Lake (b) and
Garden Lake (c), in Bayfield County, WI.



Lake Namakagon Jackson Lake Garden Lake

Figure 6. Thermal stratification patterns in Lake Namakagon, Jackson Lake and Garden Lake, in Bayfield County, WI, in 2013. Dark red indicates the highest temperature. Profile data were consistent
between 2013 and 2014 and suggest that both Garden Lake and Lake Namakagon stratify each year, while Jackson Lake does not.



From: Kris Sivertson

To: DNR Impaired Waters

Cc: Gary Pulford; Alf Sivertson; hans holmberg
Subject: La Court Oreilles

Date: Wednesday, November 25, 2015 3:41:46 PM
Attachments: LCO Hypolimnion Dissolved Oxvaen (1).pdf

Upper Couderay River Watershed flow map.docx
WDNR 2016 COLA listing comments LimnoTech edits (1).docx

Aaron Larson,

Please find the attached comments from the Lac Courte Oreilles Lake Association
regarding the WDNR proposed draft 2016 impaired waters list.

Thank you,

Kris W. Sivertson RLA
COLA, President
715-210-0818
krisw3690@amail.com
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Assessment of Lac Courte Oreilles applying the 2016 WisCALM Dissolved Oxygen Impairment Indicator for Two-Story Lakes
Dissolved oxygen data collected and provided by the LCO Conservation Department and the Courte Oreilles Lake Association

Hypolimnion determined as the lower layer of the lake, bounded above by the profile interval with the highest rate of change in
temperature (degrees F/unit depth) for ice-free periods when monitoring was conducted.

Percent of Individual Measurements in Hypolimnion < 6 mg/L

Year
Location 2011 2012 2013 2014 2015 2011-2015
LCO-2 (West Basin) 64% 85% 68% 60% 51% 66%
LCO-3 (Central Basin) 68% 82% 59% 55% 44% 62%
LCO-4 (East Basin) 34% 78% 62% 48% 33% 54%
Lake-wide (West, Central and East Basins) 53% 81% 63% 53% 41% 60%
Percent of Hypolimnion Average Dissolved Oxygen < 6 mg/L
Year
Location 2011 2012 2013 2014 2015 2011-2015
LCO-2 (West Basin) 75% 88% 74% 71% 70% 77%
LCO-3 (Central Basin) 75% 88% 68% 57% 50% 70%
LCO-4 (East Basin) 50% 87% 68% 57% 50% 67%
Lake-wide (West, Central and East Basins) 67% 87% 70% 62% 57% 71%
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November 25, 2015



 Aaron Larson

DNR, Water Evaluation Section (WY/3)

P.O. Box 7921

Madison, WI 53707



SUBMITTED VIA EMAIL TO:

DNRImpairedWaters@wisconsin.gov



RE:    Courte Oreilles Lakes Association Comments regarding the Wisconsin Department of Natural Resources (WDNR) proposed draft 2016 impaired waters list.



Dear Mr. Larson

The Courte Oreilles Lakes Association (COLA) is providing the following comments regarding three Sawyer County Wisconsin lakes:  Sissabagama Lake, Whitefish Lake and Lac Courte Oreilles (LCO) that are addressed in the WDNR proposed draft 2016 impaired waters list.  These three lakes are connected to one another and are a significant part of the head water drainage area of the Couderay River watershed (UC 20) (See attached flow map).

COLA Comments

1.  SISSABAGAMA LAKE – (WBIC 2393500) In June 2014 Sissabagama Lake was approved by the U.S. Environmental Protection Agency (U.S. EPA) for inclusion on the 2012 Wisconsin list of impaired waters.  The impairment pollutant was listed as total phosphorus, the impairment indicator was listed as “excess algal growth,” and the Lake was assigned to DNR Category 5A with the listing detail stating “TMDL needed.”  

In the draft 2016 impaired water list, WDNR proposes to change the DNR Category from 5A to 5C and the listing detail from “TMDL needed” to “Natural Conditions (5C).”  

COLA comments that WDNR has not provided the rationale or supporting information as to why the DNR Category should change from 5A to 5C.  In addition, COLA comments that during the 2012 listing process, WDNR, in response to comment(s) received, vigorously defended its proposed DNR Category 5A listing for Sissabagama Lake. 

Finally, COLA comments that WDNR has placed Sissabagama Lake under Source Category- PS/NPS implying that a combination of point source and non-point source discharges are causing the total phosphorus impairment of Sissabagama Lake.  If this is the case, then the proposed DNR Category of 5C is inappropriate. 

COLA requests that WDNR retain the DNR Category 5A listing for Sissabagama Lake until such time as either a TMDL is completed or a site specific criterion is approved.

COLA also requests that WDNR address the “Source Category” comment above. In the Department’s response to comments, please identify the point source(s) the Department believes are contributing to the impairment of Sissabagama Lake. 

2.  WHITEFISH LAKE—(WBIC 2392000) WDNR is proposing to list Whitefish Lake, Sawyer County as an impaired water because the total phosphorus criterion has been exceeded.  COLA agrees with this assessment and supports the listing of Whitefish Lake.  

WDNR also proposes to place Whitefish Lake in DNR Category 5P, (total phosphorus criteria exceeded/biological impairment has not been demonstrated).  COLA comments that there is a well-documented case history of biological impairment in the Lake Fishery Files of the WDNR, Hayward Service Center.  This documentation includes reports of lake whitefish fish kills, concerns raised regarding loss of cold water fishery habitat, reports on catastrophic run-off events depositing sediment in the lake and AIS infestation (Eurasian water milfoil) impeding navigation and recreation.

Based on review of the Hayward Service Center files, COLA believes there is sufficient evidence/documentation of biological impairment of Whitefish Lake and requests that WDNR list Whitefish Lake in DNR Category 5A in the final 2016 impaired water list that is submitted to U.S. EPA.

Finally, WDNR’s proposed 2016 listing places Whitefish Lake in Source Category-PS/NPS.  COLA requests that WDNR identify the point source(s) the Department believes are contributing to the impairment of Whitefish Lake in the Department’s response to comments.

3.  SEPARATE LISTING FOR MUSKY BAY, LAC COURTE OREILLES – (WBIC 2390800) In the draft 2016 impaired water list WDNR continues to perpetuate the myth that Musky Bay of LCO is a separate body of water from the rest of the lake, with no connection or mutual influence between waters of LCO and Musky Bay.

Even more disturbing is the determination by WDNR to apply a lake classification to Musky Bay that is different from the classification that is applied to the rest of LCO, in order to apply a phosphorus criterion that is less protective than for the rest of the Lake.  COLA can only deduce that these arbitrary determinations made by WDNR are intended to protect the cranberry operations that discharge into Musky Bay and that have, in large part, caused the impairment of Musky Bay.

COLA completely rejects these determinations on the part of the WDNR.

COLA requests that WDNR remove “Musky Bay” under the Local Name category and substitute with:  Lac Courte Oreilles and remove “Bay/harbor” under the Water Type category and substitute with: Lake.  

In addition, as WDNR knows from their participation in scoping, COLA provided regular updates, WDNR review of draft documents and WDNR provided funding, COLA has undertaken an LCO wide Total Daily Maximum Load study as required by the section 303(d) of the Federal Clean Water Act. 

Since a draft TMDL has been prepared, COLA requests that WDNR change the designation from “Low” to “High” under the TMDL Priority category in the final 2016 impaired water list that is submitted to U.S. EPA.

Finally, WDNR’s proposed 2016 listing places Lac Courte Oreilles in Source Category –PS/NPS.  COLA requests that WDNR identify the point source(s) the Department believes are contributing to the impairment of Lac Courte Oreilles in the Department’s response to comments.

4.  UNPROTECTIVE IMPAIRMENT THRESHOLD FOR TOTAL PHOSPHORUS – The WisCALM assessment approach currently applied by WDNR requires an evaluation of the confidence interval around the mean of monthly average total phosphorus concentrations during the growing season (June 1 through September 15). For a lake to be included on the 303(d) list as impaired and to have priority put on the development of a TMDL, using only total phosphorus data, the lower 90th percentile of the confidence interval around the mean must exceed the phosphorus criterion by more than 1.5 times. This basically means that for Lac Courte Oreilles (WBIC 2390800) to be listed as impaired based solely on total phosphorus data, there must be 95% certainty that the average monthly total phosphorus concentration is more than 150% of the current 15 µg/L criterion, or greater than 22.5 µg/L. Being 95% sure that total phosphorus is averaging greater than 22.5 µg/L in LCO is a high bar for determining impairment and taking needed steps to restore and protect the resource, especially considering LCO is an Outstanding Resource Water (ORW). The current WisCALM approach leads to a high probability that LCO will not be listed as impaired until it has already undergone significant degradation. This is clearly not the intent of the impairment thresholds, which, as stated in WisCALM, “must be in line with the intent of the water quality criteria in code.” The impairment assessment methodology should be revised to provide sufficient protection for ORWs such as LCO.

5.  ASSESSMENT OF LAC COURTE OREILLES USING WISCALM DISSOLVED OXYGEN IMPAIRMENT INDICATOR – WisCALM includes an impairment indicator threshold of 6 mg/L in the hypolimnion of two-story lakes. If greater than 10% of the dissolved oxygen measurements in the hypolimnion are less than the threshold during the ice-free period, the lake is to be assessed as impaired and included in Category 5A, indicating development of a TMDL is a priority. 

An analysis of the last 5 years (2011-2015) of dissolved oxygen data in Lac Courte Oreilles (WBIC 2390800) suggests that LCO is impaired (see attached LCO Hypolimnion Dissolved Oxygen). The table below summarizes the assessment of the dissolved oxygen measurements in the hypolimnion of LCO. Based on this assessment, COLA requests WDNR to include LCO on the 2016 303(d) list as impaired in Category 5A, in accordance with WisCALM. While phosphorus data does not support an impairment decision based on WisCALM methodologies (see comment 4 above), it is clear that excess algal productivity resulting from anthropogenic phosphorus loads to LCO is contributing to dissolved oxygen depletion. As an Outstanding Resource Water, LCO requires immediate attention to restore water quality and protect it from further degradation. LCO is one of only 5 inland lakes in Wisconsin to have both cisco and lake whitefish reported present. Sufficient dissolved oxygen in the hypolimnion is critical to protecting this fishery. 





Percent of individual dissolved oxygen measurements in the hypolimnion during the ice-free period with concentrations less than 6 mg/L. 
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Percent of average hypolimnion dissolved oxygen concentrations during the ice-free period with concentrations less than 6 mg/L.
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Please feel free to contact me with any questions pertaining to our comments. We would be happy to work with WDNR to address these comments in the final 2016 303(d) list.



Sincerely

Kris W. Sivertson

[image: signature]

President 
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Attachment(s)

  Upper Couderay River Watershed flow map

  LCO Hypolimnion Dissolved Oxygen
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November 25, 2015

Aaron Larson
DNR, Water Evaluation Section (WY/3)
P.O. Box 7921

Madison, WI 53707

SUBMITTED VIA EMAIL TO:

DNRImpairedWaters@wisconsin.gov

RE: Courte Oreilles Lakes Association Comments regarding the Wisconsin Department of Natural Resources (WDNR)
proposed draft 2016 impaired waters list.

Dear Mr. Larson

The Courte Oreilles Lakes Association (COLA) is providing the following comments regarding three Sawyer County
Wisconsin lakes: Sissabagama Lake, Whitefish Lake and Lac Courte Oreilles (LCO) that are addressed in the WDNR
proposed draft 2016 impaired waters list. These three lakes are connected to one another and are a significant part of
the head water drainage area of the Couderay River watershed (UC 20) (See attached flow map).

COLA Comments

1. SISSABAGAMA LAKE — (WBIC 2393500) In June 2014 Sissabagama Lake was approved by the U.S. Environmental
Protection Agency (U.S. EPA) for inclusion on the 2012 Wisconsin list of impaired waters. The impairment pollutant was
listed as total phosphorus, the impairment indicator was listed as “excess algal growth,” and the Lake was assigned to
DNR Category 5A with the listing detail stating “TMDL needed.”

In the draft 2016 impaired water list, WDNR proposes to change the DNR Category from 5A to 5C and the listing detail
from “TMDL needed” to “Natural Conditions (5C).”

COLA comments that WDNR has not provided the rationale or supporting information as to why the DNR Category
should change from 5A to 5C. In addition, COLA comments that during the 2012 listing process, WDNR, in response to
comment(s) received, vigorously defended its proposed DNR Category 5A listing for Sissabagama Lake.


mailto:DNRImpairedWaters@wisconsin.gov

Finally, COLA comments that WDNR has placed Sissabagama Lake under Source Category- PS/NPS implying that a
combination of point source and non-point source discharges are causing the total phosphorus impairment of
Sissabagama Lake. If this is the case, then the proposed DNR Category of 5C is inappropriate.

COLA requests that WDNR retain the DNR Category 5A listing for Sissabagama Lake until such time as either a TMDL is
completed or a site specific criterion is approved.

COLA also requests that WDNR address the “Source Category” comment above. In the Department’s response to
comments, please identify the point source(s) the Department believes are contributing to the impairment of
Sissabagama Lake.

2. WHITEFISH LAKE—(WBIC 2392000) WDNR is proposing to list Whitefish Lake, Sawyer County as an impaired water
because the total phosphorus criterion has been exceeded. COLA agrees with this assessment and supports the listing
of Whitefish Lake.

WDNR also proposes to place Whitefish Lake in DNR Category 5P, (total phosphorus criteria exceeded/biological
impairment has not been demonstrated). COLA comments that there is a well-documented case history of biological
impairment in the Lake Fishery Files of the WDNR, Hayward Service Center. This documentation includes reports of lake
whitefish fish kills, concerns raised regarding loss of cold water fishery habitat, reports on catastrophic run-off events
depositing sediment in the lake and AlS infestation (Eurasian water milfoil) impeding navigation and recreation.

Based on review of the Hayward Service Center files, COLA believes there is sufficient evidence/documentation of
biological impairment of Whitefish Lake and requests that WDNR list Whitefish Lake in DNR Category 5A in the final
2016 impaired water list that is submitted to U.S. EPA.

Finally, WDNR’s proposed 2016 listing places Whitefish Lake in Source Category-PS/NPS. COLA requests that WDNR
identify the point source(s) the Department believes are contributing to the impairment of Whitefish Lake in the
Department’s response to comments.

3. SEPARATE LISTING FOR MUSKY BAY, LAC COURTE OREILLES — (WBIC 2390800) In the draft 2016 impaired water list
WDNR continues to perpetuate the myth that Musky Bay of LCO is a separate body of water from the rest of the lake,
with no connection or mutual influence between waters of LCO and Musky Bay.

Even more disturbing is the determination by WDNR to apply a lake classification to Musky Bay that is different from the
classification that is applied to the rest of LCO, in order to apply a phosphorus criterion that is less protective than for
the rest of the Lake. COLA can only deduce that these arbitrary determinations made by WDNR are intended to protect
the cranberry operations that discharge into Musky Bay and that have, in large part, caused the impairment of Musky
Bay.

COLA completely rejects these determinations on the part of the WDNR.

COLA requests that WDNR remove “Musky Bay” under the Local Name category and substitute with: Lac Courte Oreilles
and remove “Bay/harbor” under the Water Type category and substitute with: Lake.

In addition, as WDNR knows from their participation in scoping, COLA provided regular updates, WDNR review of draft
documents and WDNR provided funding, COLA has undertaken an LCO wide Total Daily Maximum Load study as
required by the section 303(d) of the Federal Clean Water Act.

Since a draft TMDL has been prepared, COLA requests that WDNR change the designation from “Low” to “High” under
the TMDL Priority category in the final 2016 impaired water list that is submitted to U.S. EPA.

Finally, WDNR’s proposed 2016 listing places Lac Courte Oreilles in Source Category —PS/NPS. COLA requests that WDNR
identify the point source(s) the Department believes are contributing to the impairment of Lac Courte Oreilles in the
Department’s response to comments.

4. UNPROTECTIVE IMPAIRMENT THRESHOLD FOR TOTAL PHOSPHORUS — The WisCALM assessment approach
currently applied by WDNR requires an evaluation of the confidence interval around the mean of monthly average total



phosphorus concentrations during the growing season (June 1 through September 15). For a lake to be included on the
303(d) list as impaired and to have priority put on the development of a TMDL, using only total phosphorus data, the
lower 90th percentile of the confidence interval around the mean must exceed the phosphorus criterion by more than
1.5 times. This basically means that for Lac Courte Oreilles (WBIC 2390800) to be listed as impaired based solely on total
phosphorus data, there must be 95% certainty that the average monthly total phosphorus concentration is more than
150% of the current 15 ug/L criterion, or greater than 22.5 pg/L. Being 95% sure that total phosphorus is averaging
greater than 22.5 pg/L in LCO is a high bar for determining impairment and taking needed steps to restore and protect
the resource, especially considering LCO is an Outstanding Resource Water (ORW). The current WisCALM approach leads
to a high probability that LCO will not be listed as impaired until it has already undergone significant degradation. This is
clearly not the intent of the impairment thresholds, which, as stated in WisCALM, “must be in line with the intent of the
water quality criteria in code.” The impairment assessment methodology should be revised to provide sufficient

protection for ORWs such as LCO.

5. ASSESSMENT OF LAC COURTE OREILLES USING WISCALM DISSOLVED OXYGEN IMPAIRMENT INDICATOR — WisCALM
includes an impairment indicator threshold of 6 mg/L in the hypolimnion of two-story lakes. If greater than 10% of the
dissolved oxygen measurements in the hypolimnion are less than the threshold during the ice-free period, the lake is to
be assessed as impaired and included in Category 5A, indicating development of a TMDL is a priority.

An analysis of the last 5 years (2011-2015) of dissolved oxygen data in Lac Courte Oreilles (WBIC 2390800) suggests that
LCO is impaired (see attached LCO Hypolimnion Dissolved Oxygen). The table below summarizes the assessment of the
dissolved oxygen measurements in the hypolimnion of LCO. Based on this assessment, COLA requests WDNR to include
LCO on the 2016 303(d) list as impaired in Category 5A, in accordance with WisCALM. While phosphorus data does not
support an impairment decision based on WisCALM methodologies (see comment 4 above), it is clear that excess algal
productivity resulting from anthropogenic phosphorus loads to LCO is contributing to dissolved oxygen depletion. As an
Outstanding Resource Water, LCO requires immediate attention to restore water quality and protect it from further
degradation. LCO is one of only 5 inland lakes in Wisconsin to have both cisco and lake whitefish reported present.

Sufficient dissolved oxygen in the hypolimnion is critical to protecting this fishery.

Percent of individual dissolved oxygen measurements in the hypolimnion during the ice-free period with
concentrations less than 6 mg/L.

Year
Location 2011 2012 2013 2014 2015 | 2011-2015
LCO-2 (West Basin) 64% 85% 68% 60% 51% 66%
LCO-3 (Central Basin) 68% 82% 59% 55% 44% 62%
LCO-4 (East Basin) 34% 78% 62% 48% 33% 54%
Lake-wide (West, Central and East Basins) 53% 81% 63% 53% 41% 60%

Percent of average hypolimnion dissolved oxygen concentrations during the ice-free period with concentrations less

than 6 mg/L.
Year
Location 2011 2012 2013 2014 2015 2011-2015
LCO-2 (West Basin) 75% 88% 74% 71% 70% 77%
LCO-3 (Central Basin) 75% 88% 68% 57% 50% 70%
LCO-4 (East Basin) 50% 87% 68% 57% 50% 67%
Lake-wide (West, Central and East Basins) 67% 87% 70% 62% 57% 71%




Please feel free to contact me with any questions pertaining to our comments. We would be happy to work with WDNR
to address these comments in the final 2016 303(d) list.

Sincerely

Kris W. Sivertson

President

Attachment(s)
Upper Couderay River Watershed flow map

LCO Hypolimnion Dissolved Oxygen



Assessment of Lac Courte Oreilles applying the 2016 WisCALM Dissolved Oxygen Impairment Indicator for Two-Story Lakes
Dissolved oxygen data collected and provided by the LCO Conservation Department and the Courte Oreilles Lake Association

Hypolimnion determined as the lower layer of the lake, bounded above by the profile interval with the highest rate of change in
temperature (degrees F/unit depth) for ice-free periods when monitoring was conducted.

Percent of Individual Measurements in Hypolimnion < 6 mg/L

Year
Location 2011 2012 2013 2014 2015 2011-2015
LCO-2 (West Basin) 64% 85% 68% 60% 51% 66%
LCO-3 (Central Basin) 68% 82% 59% 55% 44% 62%
LCO-4 (East Basin) 34% 78% 62% 48% 33% 54%
Lake-wide (West, Central and East Basins) 53% 81% 63% 53% 41% 60%
Percent of Hypolimnion Average Dissolved Oxygen < 6 mg/L
Year
Location 2011 2012 2013 2014 2015 2011-2015
LCO-2 (West Basin) 75% 88% 74% 71% 70% 77%
LCO-3 (Central Basin) 75% 88% 68% 57% 50% 70%
LCO-4 (East Basin) 50% 87% 68% 57% 50% 67%
Lake-wide (West, Central and East Basins) 67% 87% 70% 62% 57% 71%
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From: heryl Nenn

To: DNR Impaired Waters

Cc: joe_rath@milwaukeeriverkeeper.org
Subject: Impaired Waters 303d List for 2016

Date: Wednesday, November 25, 2015 11:04:50 AM
Attachments: image003.ipq

To Whom It May Concern—
We'd like to submit brief comments in support of the proposed listings for chloride for Ulao and Lilly Creeks. Our citizen monitoring of chloride support these proposed listings. We
are also concerned about the Little Menomonee River, which was very close to exceeding chronic criteria for chloride last year. We will continue to monitor that creek this year, as
well as expand testing to other small creeks in the Milwaukee River Basin.
We also support the proposed listing of Grantosa Creek for phosphorus in 2016. Likewise, we were supportive of the extensive listings in 2014 that covered several creeks in our
Basin that are impaired, based on citizen monitoring of phosphorus that we have been conducting since 2011 for this parameter.
We question delisting of phosphorus for Underwood Creek from the mouth to the South Branch. That seems suspect, and we don’t understand the criteria by which it is being
delisted. Is it due to the new WisCALM guidance that emphasizes confidence intervals? Our monitoring at Gravel Sholes Park on Underwood Creek has shown that we have had
several exceedances in the last two years (standard is 0.075 mg/L):
SWIMS

Total Phosphorus 10031613 Underwood Creek at Gravel Sholes Park Our samples exceed standard for 06/26/2014 (0.174) and 5/31/2015 (0.0782)
Thank you for your consideration of these comments!
Best,
Cheryl
Cheryl Nenn
Riverkeeper
Milwaukee Riverkeeper
1845 N Farwell Avenue, Suite 100
Milwaukee, WI 53202
Direct: 414-287-0207 ext. 2
Main: 414-287-0207
Like us on Facebook | Follow us on Twitter
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http://www.milwaukeeriverkeeper.org/
https://www.facebook.com/pages/Milwaukee-Riverkeeper/92701377840
https://twitter.com/mkeriverkeeper
http://www.milwaukeeriverkeeper.org/
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From: Brent.Brown@CH2M.com

To: DNR Impaired Waters

Subject: Comments on 2016 draft 303(d) List
Date: Tuesday, November 24, 2015 10:47:12 AM
Hello

| offer the following comments for the 2016 draft 303(d) list.

1. In reviewing the data used for assessing chloride impairments, a value of 359 mg/L was used
instead of the criterion of 395 mg/L. This error results in listing waterbodies that do not meet
WisCALM criteria.

2. Listing criteria in WisCALM for chlorides is the same for acute and chronic criteria. It requires only
2 values in 3 years. Chlorides is different than other “toxics” in that it is event driven with snowmelt
and winter-time liquid precipitation. Alternative listing criteria should be developed in WisCALM, at
a minimum for chronic criteria, that eliminates bias associated with event-based sampling, such as
event sampling for chlorides following runoff events in winter. Simple event based sampling for
runoff-driven toxics, especially for chronic criteria, is not an accurate representation of water quality
conditions and an impairment.

Thanks

Brent

Brent A. Brown, P.E.

CH2M

135 S. 84th Street, Suite 400
Milwaukee, WI 53214
Direct Phone: 414.847.0393
Mobile: 414.559.1978
Direct Fax: 414.454.8876
Brent.Brown@ch2m.com

www.ch2m.com
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mailto:DNRImpairedWaters@wisconsin.gov
mailto:Brent.Brown@ch2m.com
http://www.ch2m.com/

From: Susan M. Lehnhardt

To: DNR Impaired Waters

Cc: Cardiff, Pat; Meredith Tripp; Mindy Reinstra; Lindsay Andrews; Bob Hansis; Aaron M. Kubichka; Sampson, Bob;
Sandhill Family Farms; DeeAnna Straub; Bethany Emond Storm

Subject: 2016 Impaired Waters - Public Comment

Date: Tuesday, November 24, 2015 4:45:07 PM

Attachments: LSRWA comments 2016 Impaired Waters 11 24 2015.pdf

Comprehensive Draft 2016 Impaired Waters List sml.pdf

Dear Mr. Larson,

On behalf of the Board of Directors of the Lower Sugar River Watershed Association, please find
attached public comments in response to the publishing of the Wisconsin 2016 Impaired Waters
Listing. We understand comments are due by November 25, 2015.

If it is possible, we look forward to discussing our interest in partnering to improve surface water
quality in the Lower Sugar River Watershed, as well as in the entire Sugar River Basin.

Thank you for the opportunity to comment on the status of waters in our State and watershed.
Sincerely,

Susan M Lel‘mlﬂarclt

President, Lower Sugar River Watershed Association
17921 Smith Road

Brodhead, WI 53520

608.897.8641 x20

susan@appliedeco.com
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17921 Smith Road

Dedicated to the care & enjoyment of our water resources

November 24, 2015

Aaron Larson

Wisconsin Department of Natural Resources
Water Evaluation Section (WY/3)

P.O. Box 7921

Madison, WI 53707
DNRImpairedWaters@wisconsin.gov

Re Public Comment regarding 2016 Impaired Waters List Updates

Dear Mr. Larson,

On behalf of the Lower Sugar River Watershed Association (LSRWA) Board of Directors
and members, | want to thank you for the opportunity to provide the following
comments regarding the recent release of the 2016 listing of the Clean Waters Act
Section 303(d) impaired waters for Wisconsin (WDNR 2015).

Of those new waterbodies, twelve stream listings are located in the Sugar River Basin in
south-central Wisconsin. This brings the total listing of impaired waterbodies in our
basin since 1998 to 28 named tributaries or Sugar River mainstem reaches, and one
impoundment located on the Sugar River mainstem. By unit measure, these listings
represent approximately 213 total river miles and 109 acres of impounded waters. We
attach a table of these listings organized by county, which we have adapted from the
information provided by the WDNR.

We understand that every two years Section 303(d) of the CWA requires states to
publish a list of waterbodies that do not meet water quality standards and why. The
majority of those listed in 2016 either exceed total phosphorus criteria or have poor
biological condition. Over time, streams improved through implementation of Total
Maximum Daily Load (TMDL) limits, watershed plans and other projects are proposed
for delisting. Currently, none of the waterbodies listed in the Sugar River Basin have
been proposed for delisting, and only five of the 29 waterbodies have an approved
TMDLs, with the potential for positively impacting 43 miles or 20% of the approximately
213 miles of impaired stream reaches.

In keeping with the State’s new prioritization goal (WDNR and WQ/WMB 2015), the
LSRWA is eager to contribute as a partner in advancing the next steps of the Impaired
Waters process, which we understand may involve developing a TMDL for each water

We all have a stake in clean water!

PO Box 256 | Brodhead, WI 53520-0256 | 608.897.8641 | info@Isrwa.org | www.lsrwa.org
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body and undertaking watershed planning and implementation for these waterbodies to remove them from
the list over time. Itis also our understanding that, due to limited resources, initiating this process across
the various geographies of the state requires prioritization based on a number of criteria, among those 1)
available willing partners, 2) value of the surface water resource, and 3) risk of further or imminent

deterioration due to development and land use pressures.

We offer the following discussion to address each of these criteria, to make the case that the Lower Sugar
River and the Sugar River drainage as a whole should be prioritized for the next steps in the process for
addressing the impaired waters of Wisconsin.

LSRWA is a willing partner:

The Lower Sugar River Watershed Association is a not-for-profit volunteer conservation organization
initiated in 2010 to respond to growing public concern for water quality in the 300-square-mile Lower Sugar
River Watershed (LSRW), a significant portion of which encompasses the southeastern corner of Green
County, as well as parts of Rock County and neighboring Stephenson and Winnebago Counties in Illinois.
Eighty percent of the land base in the LSRW is agricultural, largely in row crops. Outside of the small
developed areas represented by smaller villages, the remaining 20% of non-agricultural land is comprised of
forest, wetlands, grass and shrublands on private lands and protected in publicly-owned management areas.

For the past five years, LSRWA has collaborated with the Upper Sugar River Watershed Association
(established in 2000) and many other public and private partners to raise awareness of the problem of
impaired waters, and through citizen science education and open public forums, we have worked to
empower our community with experience and knowledge to care for and enjoy our water resources. \We
have trained over one hundred adult and student volunteers to monitor conditions at more than 400 stream
crossings in our watershed, and worked with the Wisconsin Department of Natural Resources and UW-
Extension citizen-based monitoring program (WAV) to sample stream health and phosphorus levels at key
locations to contribute to identifying and designating Clean Water Act Section 303(d) impaired streams and
other water bodies in our basin. Our commitment to the watershed community is based in our belief that
we all have a stake in clean water. We also believe that solving our problem of water quality will be
achieved by bringing people together in an open forum to find the most durable and lasting solutions.

Value of the Sugar River Resource:

The Sugar River, and particularly the Lower Sugar River, includes sensitive natural resource assets and
conservation investments of state and national importance which provide valuable ecosystem services and
contribute to local ecotourism and recreation economies, including one of the largest floodplain complexes
in southern Wisconsin and northern lllinois. When combined with bordering grassland buffers protected by
easements, these properties exceed 7,000 acres of conservation lands managed for wildlife habitat, public
recreation and hunting, and water quality, providing our area with significant nature-based recreational
opportunities and ecotourism dollars for the local economy. These assets also protect significant natural
capital important to the protection of biological diversity and multiple ecosystem services that provide clean
air, water, flood protection, and more.

We all have a stake in clean water!
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In Wisconsin, the state-owned Avon Bottoms Wildlife Area and contiguous State Natural Areas (Avon
Bottoms SNA and Swenson Wet Prairie SNA) are identified as a Conservation Opportunity Area of state
significance for the conservation of floodplain forest communities in Wisconsin’s Wildlife Action Plan (WDNR
2008). These properties manage for and protect multiple unique habitat types and 46 animal species of
Greatest Conservation Need that are rare or declining in the state, including state threatened and
endangered species. The Sugar River and its associated riparian natural communities are recognized by the
State as one of the most important and biologically diverse river systems in Wisconsin, featuring more than
50 species of fishes (WDNR-BNHC 2013). The Wisconsin Wetland Association recognizes Avon Bottoms as a
State Wetland Gem, and the Audubon Society and the State recognize it as an Important Bird Area for both
forest and grassland birds. In 2001, The Nature Conservancy recognized this area in their conservation plan
as important for protecting habitats of the Prairie-Forest Border Ecoregion.

Wisconsin recently conducted a master planning process for its properties in the Sugar River Planning
Group, which includes the Avon Bottoms complex (WDNR 2013). In their report, the State reiterates the
statewide importance of these properties as a refuge for diverse native flora and fauna, high quality natural
communities, and a robust fishery, providing for public hunting, fishing, trapping, birding, paddling and
other passive outdoor recreation activities. Among the identified major threats to the ecological integrity of
these properties are habitat degradation and loss of species diversity due to proliferation of invasive species,
pollution from sedimentation and nutrient enrichment, changes in surface and groundwater systems,
habitat fragmentation, and long-term effects from climate change.

Imminent Risk to the Resource:

The Sugar River basin, particularly the Lower Sugar River basin, over the past decade has come under
increasing pressure from industrial scale agriculture including Concentrated Animal Feeding Operations or
CAFOs, as well as increased nutrient inputs due to widespread conversion of CRP lands for corn production.
Most recently, a shift from smaller scale CAFOs to mega-sized operations has occurred with proposed dairies
that would manage in excess of 5,000 animals and produce as much as 500,000 pounds of manure daily.
Such operations would also draw as much as 230,000 gallons of water a day from high-capacity wells.
Without effective watershed planning and implementation of water resource protections, such land

management trends place excessive negative pressure on natural resources, as well as on human health and

safety, and quality of life in our watershed. Risk management will be complicated by climate change

scenarios anticipated in our region (WICCI 2011; UW-Extension 2009).

Thank you for considering our comments. We are eager to contribute in any way we can to achieve
restoration and protection of all waterbodies in the Sugar River Watershed.

Sincerely,
Lower Sugar River Watershed Association

gww Jhda At

Susan Lehnhardt
Board Member and President

We all have a stake in clean water!
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Cc: Wade Moder, Executive Director, Upper Sugar River Watershed Association
Greg Searle, NR Basin Supervisor, Wisconsin DNR
Andy Morten, NR Basin Supervisor, Wisconsin DNR
Jim Amrhein, Water Quality Biologist, Wisconsin DNR
Todd Jenson, County Conservationist, Green County Land Conservation
Jason Thomas, District Conservationist, Green County NRCS
Thomas Sweeny, County Conservationist, Rock County Land Conservation
David Gundlach, District Conservationist, Rock County NRCS
Jim Ritterbusch, District Conservationist, Stephenson County SWCD
Josh Franks, District Conservationist, Winnebago County SWCD
Mike Holan, Executive Director, Winnebago County Forest Preserve District
Mark Spreitzer, 45" Assembly District
Janis Ringhand, Wisconsin 15" Senate District
Howard Marklein, 17" Senate District
Jon Erpenbach, 27" Senate District
Todd Novak, 51° Assembly District
Sondy Pope, 80" Assembly District
Kim Blumer, President, Village of Albany
Douglas Pinnow, Mayor, City of Brodhead
Harvey Mandel, Chair, Town of Jefferson (Juda)
David Olsen, President, Village of Orfordville
Gary Haughton, President, Village of Durand
Steve Richter, Director of Conservation Programs in Wisconsin, The Nature Conservancy
Brian Glenzinski, Wisconsin Regional Biologist, Ducks Unlimited
Denny Caneff, Executive Director, River Alliance of Wisconsin
Jamie Johannsen, Four Rivers Environmental Coalition
David Clutter, Executive Director, Driftless Area Land Conservancy
Kerry Leigh, Executive Director, Natural Land Institute
Neil Deupree, President, Green Rock Audubon Society
Frank Kapel, President, Lake Winnetka-Sugar River Improvement Association
Lena Verkuilen, Executive Director, Welty Environmental Center
Jen Reimer, Green County Defending Our Farmland
John Winters, President, Decatur Lake Mill Race Association
Lake Summerset Association
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SUGAR RIVER WATERSHED IMPAIRED WATERS LISTING 1998 - 2016

Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID |WBIC [Segment |Start Mile [End Mile [Length/Size |Measurement DNR Category |Date Listed|Source Category |Pollutant Impairment Indicator Status TMDL Priority  [Listing Detail
Allen Creek Allen Creek Dane,Green,Rock [RIVER 5542005 883700 6 22.96 26.98] 4.02(MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)
Sugar River Sugar River Dane,Green RIVER 13651| 875300 1 10.99 56.14 45.15|MILES Category 5P 4/1/2014|PS/NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)
West Branch Sugar River West Branch Sugar River Dane RIVER 13658| 886100 1 0 7.64 7.64(MILES Category 5P 4/1/2012(NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)

3[RIVERS 56.81|MILES
Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID |WBIC Segment |Start Mile [End Mile |Length/Size |Measurement UDNR Category |Date Listed|Source Category |Pollutant Impairment Indicator Status TMDL Priority |Listing Detail
Burgy Creek Burgy Creek Green RIVER 13638| 880500 1 0 10.99 10.99|MILES Category 4A 4/1/2004|NPS Sediment/Total Suspended Solids Elevated Water Temperature TMDL Approved Not Applicable [TMDL approved by EPA in 2005 (4A)
Center Br Hefty Creek Hefty Creek, Center Branch Green RIVER 13643( 882200 1 0 5.24 5.24|MILES Category 5A 4/1/2014[NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
Decatur Lake Decatur Lake Green IMPOUNDMENT 4701075| 879400 1 109.24|ACRES Category 5P 4/1/2014|NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)
Elmer School Br Elmer School Branch Green RIVER 18527| 880600 1 0 4 4|MILES Category 5A 4/1/2014|PS/NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
Juda Br Juda Branch Green RIVER 13614 877500 1 0 4.43 4.43|MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)
Juda Br Juda Branch Green RIVER 13614| 877500 1 0 4.43 4.43[MILES Category 5A 4/1/2016|Habitat/Physical [Sediment/Total Suspended Solids Degraded Habitat Proposed for List Medium TMDL Needed (5A)
Legler School Br Legler School Branch Green RIVER 13646| 882900 1 0.01 5.5 5.49|MILES Category 4A 4/1/1998|NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable [TMDL approved by EPA in 2005 (4A)
Little Sugar River Little Sugar River Green RIVER 13633| 880100 1 0 19 19|MILES Category 5P 4/1/2012|NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)
North Fork Juda Br N. Fork Juda Branch Green RIVER 13615| 877700 1 0 3.8 3.8|MILES Category 5A 4/1/1998|PS/NPS Total Phosphorus Low DO, Degraded Biological Community 303d Listed Medium TMDL Needed (5A)
North Fork Juda Br N. Fork Juda Branch Green RIVER 13615| 877700 1 0 3.8 3.8|MILES Category 5A 4/1/1998|PS/NPS BOD Low DO 303d Listed Low TMDL Needed (5A)
Ok Creek Ok Creek Green RIVER 13611| 877200 1 0 6.82 6.82|MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Low TMDL Needed (5A)
Ok Creek Ok Creek Green RIVER 13611| 877200 1 0 6.82 6.82|MILES Category 5A 4/1/2016|PS/NPS Sediment/Total Suspended Solids Degraded Habitat Proposed for List Low TMDL Needed (5A)
Riley School Br Riley School Branch Green RIVER 18519| 877600 1 0 4 4|MILES Category 5A 4/1/2016|NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)
Riley School Br Riley School Branch Green RIVER 18519| 877600 1 0 4 4|MILES Category 5A 4/1/2016(NPS Sediment/Total Suspended Solids Degraded Habitat Proposed for List Medium TMDL Needed (5A)
Searles Creek Searles Creek Green RIVER 13618| 879500 1 0 10.33 10.33(MILES Category 4A 4/1/1998|NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable [TMDL approved by EPA in 2005 (4A)
Silver School Br Silver School Branch Green RIVER 13637| 880400 1 0 6.14 6.14(MILES Category 4A 4/1/1998(NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable |TMDL approved by EPA in 2005 (4A)
South Branch Hefty Creek Hefty Creek, South Branch Green RIVER 13642| 882000 1 0 3.3 3.3|MILES Category 5A 4/1/2014|NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
Spring Creek Spring Creek Green RIVER 13609| 877000 1 0 10.31 10.31|MILES Category 4A 4/1/1998[NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable |TMDL approved by EPA in 2005 (4A)
Sugar River -East Channel Sugar River East Channel Green RIVER 5476700 878400 1 0 3.19 3.19|MILES Category 5P 4/1/2016|PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)
Unnamed Unnamed Trib to Burgy Cr Green RIVER 4000228| 881000 1 0 3.82 3.82[MILES Category 5A 4/1/2014[NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
West Branch Little Sugar River |Little Sugar River, West Branch Green RIVER 13639| 881400 1 0 6 6|MILES Category 5A 4/1/2014|NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)

20|RIVERS 125.91|MILES

1/IMPOUNDMENT 109.24|ACRES
Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID |WBIC Segment [Start Mile |[End Mile |Length/Size |Measurement |DNR Category |Date Listed|Source Category |Pollutant Impairment Indicator Status TMDL Priority [Listing Detail
Allen Creek Allen Creek Rock RIVER 13626| 883700 5 20.22 22.96 2.74|MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)
Allen Creek Allen Creek Rock RIVER 13625| 883700 4 15 20.21 5.21[MILES Category 5A 4/1/2016|PS/NPS Unknown Pollutant Degraded Biological Community Proposed for List Low TMDL Needed (5A)
Sugar River Sugar River Rock RIVER 1855695/ 875300 5 0 10.99 10.99(MILES Category 5P 4/1/2012|NPS Total Phosphorus Impairment Unknown 303d Listed Low Phosphorus Listed (5P)
Swan Creek Swan Creek Rock RIVER 13608| 876700 1 0 5 5|MILES Category 5P 4/1/2016(PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)
Taylor Creek Taylor Creek Rock RIVER 13605| 876300 1 0 6.06) 6.06|MILES Category 5P 4/1/2016|PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)

5|RIVERS 30|MILES

28| TOTAL RIVERS 212.72|TOTAL MILES
1|/IMPOUNDMENT 109.24|TOTAL ACRES

! Data adapted from the Wisconsin Department of Natural Resources Impaired Waters Listings website: http://dnr.wi.gov/topic/impairedwaters/
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Dedicated to the care & enjoyment of our water resources

November 24, 2015

Aaron Larson

Wisconsin Department of Natural Resources
Water Evaluation Section (WY/3)

P.O. Box 7921

Madison, WI 53707
DNRImpairedWaters@wisconsin.gov

Re Public Comment regarding 2016 Impaired Waters List Updates

Dear Mr. Larson,

On behalf of the Lower Sugar River Watershed Association (LSRWA) Board of Directors
and members, | want to thank you for the opportunity to provide the following
comments regarding the recent release of the 2016 listing of the Clean Waters Act
Section 303(d) impaired waters for Wisconsin (WDNR 2015).

Of those new waterbodies, twelve stream listings are located in the Sugar River Basin in
south-central Wisconsin. This brings the total listing of impaired waterbodies in our
basin since 1998 to 28 named tributaries or Sugar River mainstem reaches, and one
impoundment located on the Sugar River mainstem. By unit measure, these listings
represent approximately 213 total river miles and 109 acres of impounded waters. We
attach a table of these listings organized by county, which we have adapted from the
information provided by the WDNR.

We understand that every two years Section 303(d) of the CWA requires states to
publish a list of waterbodies that do not meet water quality standards and why. The
majority of those listed in 2016 either exceed total phosphorus criteria or have poor
biological condition. Over time, streams improved through implementation of Total
Maximum Daily Load (TMDL) limits, watershed plans and other projects are proposed
for delisting. Currently, none of the waterbodies listed in the Sugar River Basin have
been proposed for delisting, and only five of the 29 waterbodies have an approved
TMDLs, with the potential for positively impacting 43 miles or 20% of the approximately
213 miles of impaired stream reaches.

In keeping with the State’s new prioritization goal (WDNR and WQ/WMB 2015), the
LSRWA is eager to contribute as a partner in advancing the next steps of the Impaired
Waters process, which we understand may involve developing a TMDL for each water
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body and undertaking watershed planning and implementation for these waterbodies to remove them from
the list over time. Itis also our understanding that, due to limited resources, initiating this process across
the various geographies of the state requires prioritization based on a number of criteria, among those 1)
available willing partners, 2) value of the surface water resource, and 3) risk of further or imminent

deterioration due to development and land use pressures.

We offer the following discussion to address each of these criteria, to make the case that the Lower Sugar
River and the Sugar River drainage as a whole should be prioritized for the next steps in the process for
addressing the impaired waters of Wisconsin.

LSRWA is a willing partner:

The Lower Sugar River Watershed Association is a not-for-profit volunteer conservation organization
initiated in 2010 to respond to growing public concern for water quality in the 300-square-mile Lower Sugar
River Watershed (LSRW), a significant portion of which encompasses the southeastern corner of Green
County, as well as parts of Rock County and neighboring Stephenson and Winnebago Counties in Illinois.
Eighty percent of the land base in the LSRW is agricultural, largely in row crops. Outside of the small
developed areas represented by smaller villages, the remaining 20% of non-agricultural land is comprised of
forest, wetlands, grass and shrublands on private lands and protected in publicly-owned management areas.

For the past five years, LSRWA has collaborated with the Upper Sugar River Watershed Association
(established in 2000) and many other public and private partners to raise awareness of the problem of
impaired waters, and through citizen science education and open public forums, we have worked to
empower our community with experience and knowledge to care for and enjoy our water resources. \We
have trained over one hundred adult and student volunteers to monitor conditions at more than 400 stream
crossings in our watershed, and worked with the Wisconsin Department of Natural Resources and UW-
Extension citizen-based monitoring program (WAV) to sample stream health and phosphorus levels at key
locations to contribute to identifying and designating Clean Water Act Section 303(d) impaired streams and
other water bodies in our basin. Our commitment to the watershed community is based in our belief that
we all have a stake in clean water. We also believe that solving our problem of water quality will be
achieved by bringing people together in an open forum to find the most durable and lasting solutions.

Value of the Sugar River Resource:

The Sugar River, and particularly the Lower Sugar River, includes sensitive natural resource assets and
conservation investments of state and national importance which provide valuable ecosystem services and
contribute to local ecotourism and recreation economies, including one of the largest floodplain complexes
in southern Wisconsin and northern lllinois. When combined with bordering grassland buffers protected by
easements, these properties exceed 7,000 acres of conservation lands managed for wildlife habitat, public
recreation and hunting, and water quality, providing our area with significant nature-based recreational
opportunities and ecotourism dollars for the local economy. These assets also protect significant natural
capital important to the protection of biological diversity and multiple ecosystem services that provide clean
air, water, flood protection, and more.

We all have a stake in clean water!
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In Wisconsin, the state-owned Avon Bottoms Wildlife Area and contiguous State Natural Areas (Avon
Bottoms SNA and Swenson Wet Prairie SNA) are identified as a Conservation Opportunity Area of state
significance for the conservation of floodplain forest communities in Wisconsin’s Wildlife Action Plan (WDNR
2008). These properties manage for and protect multiple unique habitat types and 46 animal species of
Greatest Conservation Need that are rare or declining in the state, including state threatened and
endangered species. The Sugar River and its associated riparian natural communities are recognized by the
State as one of the most important and biologically diverse river systems in Wisconsin, featuring more than
50 species of fishes (WDNR-BNHC 2013). The Wisconsin Wetland Association recognizes Avon Bottoms as a
State Wetland Gem, and the Audubon Society and the State recognize it as an Important Bird Area for both
forest and grassland birds. In 2001, The Nature Conservancy recognized this area in their conservation plan
as important for protecting habitats of the Prairie-Forest Border Ecoregion.

Wisconsin recently conducted a master planning process for its properties in the Sugar River Planning
Group, which includes the Avon Bottoms complex (WDNR 2013). In their report, the State reiterates the
statewide importance of these properties as a refuge for diverse native flora and fauna, high quality natural
communities, and a robust fishery, providing for public hunting, fishing, trapping, birding, paddling and
other passive outdoor recreation activities. Among the identified major threats to the ecological integrity of
these properties are habitat degradation and loss of species diversity due to proliferation of invasive species,
pollution from sedimentation and nutrient enrichment, changes in surface and groundwater systems,
habitat fragmentation, and long-term effects from climate change.

Imminent Risk to the Resource:

The Sugar River basin, particularly the Lower Sugar River basin, over the past decade has come under
increasing pressure from industrial scale agriculture including Concentrated Animal Feeding Operations or
CAFOs, as well as increased nutrient inputs due to widespread conversion of CRP lands for corn production.
Most recently, a shift from smaller scale CAFOs to mega-sized operations has occurred with proposed dairies
that would manage in excess of 5,000 animals and produce as much as 500,000 pounds of manure daily.
Such operations would also draw as much as 230,000 gallons of water a day from high-capacity wells.
Without effective watershed planning and implementation of water resource protections, such land

management trends place excessive negative pressure on natural resources, as well as on human health and

safety, and quality of life in our watershed. Risk management will be complicated by climate change

scenarios anticipated in our region (WICCI 2011; UW-Extension 2009).

Thank you for considering our comments. We are eager to contribute in any way we can to achieve
restoration and protection of all waterbodies in the Sugar River Watershed.

Sincerely,
Lower Sugar River Watershed Association

gww Jhda At

Susan Lehnhardt
Board Member and President
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Cc: Wade Moder, Executive Director, Upper Sugar River Watershed Association
Greg Searle, NR Basin Supervisor, Wisconsin DNR
Andy Morten, NR Basin Supervisor, Wisconsin DNR
Jim Amrhein, Water Quality Biologist, Wisconsin DNR
Todd Jenson, County Conservationist, Green County Land Conservation
Jason Thomas, District Conservationist, Green County NRCS
Thomas Sweeny, County Conservationist, Rock County Land Conservation
David Gundlach, District Conservationist, Rock County NRCS
Jim Ritterbusch, District Conservationist, Stephenson County SWCD
Josh Franks, District Conservationist, Winnebago County SWCD
Mike Holan, Executive Director, Winnebago County Forest Preserve District
Mark Spreitzer, 45" Assembly District
Janis Ringhand, Wisconsin 15" Senate District
Howard Marklein, 17" Senate District
Jon Erpenbach, 27" Senate District
Todd Novak, 51° Assembly District
Sondy Pope, 80" Assembly District
Kim Blumer, President, Village of Albany
Douglas Pinnow, Mayor, City of Brodhead
Harvey Mandel, Chair, Town of Jefferson (Juda)
David Olsen, President, Village of Orfordville
Gary Haughton, President, Village of Durand
Steve Richter, Director of Conservation Programs in Wisconsin, The Nature Conservancy
Brian Glenzinski, Wisconsin Regional Biologist, Ducks Unlimited
Denny Caneff, Executive Director, River Alliance of Wisconsin
Jamie Johannsen, Four Rivers Environmental Coalition
David Clutter, Executive Director, Driftless Area Land Conservancy
Kerry Leigh, Executive Director, Natural Land Institute
Neil Deupree, President, Green Rock Audubon Society
Frank Kapel, President, Lake Winnetka-Sugar River Improvement Association
Lena Verkuilen, Executive Director, Welty Environmental Center
Jen Reimer, Green County Defending Our Farmland
John Winters, President, Decatur Lake Mill Race Association
Lake Summerset Association
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SUGAR RIVER WATERSHED IMPAIRED WATERS LISTING 1998 - 2016

Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID |WBIC [Segment |Start Mile [End Mile [Length/Size |Measurement DNR Category |Date Listed|Source Category |Pollutant Impairment Indicator Status TMDL Priority  [Listing Detail
Allen Creek Allen Creek Dane,Green,Rock [RIVER 5542005 883700 6 22.96 26.98] 4.02(MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)
Sugar River Sugar River Dane,Green RIVER 13651| 875300 1 10.99 56.14 45.15|MILES Category 5P 4/1/2014|PS/NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)
West Branch Sugar River West Branch Sugar River Dane RIVER 13658| 886100 1 0 7.64 7.64(MILES Category 5P 4/1/2012(NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)

3[RIVERS 56.81|MILES
Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID |WBIC Segment |Start Mile [End Mile |Length/Size |Measurement UDNR Category |Date Listed|Source Category |Pollutant Impairment Indicator Status TMDL Priority |Listing Detail
Burgy Creek Burgy Creek Green RIVER 13638| 880500 1 0 10.99 10.99|MILES Category 4A 4/1/2004|NPS Sediment/Total Suspended Solids Elevated Water Temperature TMDL Approved Not Applicable [TMDL approved by EPA in 2005 (4A)
Center Br Hefty Creek Hefty Creek, Center Branch Green RIVER 13643( 882200 1 0 5.24 5.24|MILES Category 5A 4/1/2014[NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
Decatur Lake Decatur Lake Green IMPOUNDMENT 4701075| 879400 1 109.24|ACRES Category 5P 4/1/2014|NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)
Elmer School Br Elmer School Branch Green RIVER 18527| 880600 1 0 4 4|MILES Category 5A 4/1/2014|PS/NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
Juda Br Juda Branch Green RIVER 13614 877500 1 0 4.43 4.43|MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)
Juda Br Juda Branch Green RIVER 13614| 877500 1 0 4.43 4.43[MILES Category 5A 4/1/2016|Habitat/Physical [Sediment/Total Suspended Solids Degraded Habitat Proposed for List Medium TMDL Needed (5A)
Legler School Br Legler School Branch Green RIVER 13646| 882900 1 0.01 5.5 5.49|MILES Category 4A 4/1/1998|NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable [TMDL approved by EPA in 2005 (4A)
Little Sugar River Little Sugar River Green RIVER 13633| 880100 1 0 19 19|MILES Category 5P 4/1/2012|NPS Total Phosphorus Impairment Unknown 303d Listed Medium Phosphorus Listed (5P)
North Fork Juda Br N. Fork Juda Branch Green RIVER 13615| 877700 1 0 3.8 3.8|MILES Category 5A 4/1/1998|PS/NPS Total Phosphorus Low DO, Degraded Biological Community 303d Listed Medium TMDL Needed (5A)
North Fork Juda Br N. Fork Juda Branch Green RIVER 13615| 877700 1 0 3.8 3.8|MILES Category 5A 4/1/1998|PS/NPS BOD Low DO 303d Listed Low TMDL Needed (5A)
Ok Creek Ok Creek Green RIVER 13611| 877200 1 0 6.82 6.82|MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Low TMDL Needed (5A)
Ok Creek Ok Creek Green RIVER 13611| 877200 1 0 6.82 6.82|MILES Category 5A 4/1/2016|PS/NPS Sediment/Total Suspended Solids Degraded Habitat Proposed for List Low TMDL Needed (5A)
Riley School Br Riley School Branch Green RIVER 18519| 877600 1 0 4 4|MILES Category 5A 4/1/2016|NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)
Riley School Br Riley School Branch Green RIVER 18519| 877600 1 0 4 4|MILES Category 5A 4/1/2016(NPS Sediment/Total Suspended Solids Degraded Habitat Proposed for List Medium TMDL Needed (5A)
Searles Creek Searles Creek Green RIVER 13618| 879500 1 0 10.33 10.33(MILES Category 4A 4/1/1998|NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable [TMDL approved by EPA in 2005 (4A)
Silver School Br Silver School Branch Green RIVER 13637| 880400 1 0 6.14 6.14(MILES Category 4A 4/1/1998(NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable |TMDL approved by EPA in 2005 (4A)
South Branch Hefty Creek Hefty Creek, South Branch Green RIVER 13642| 882000 1 0 3.3 3.3|MILES Category 5A 4/1/2014|NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
Spring Creek Spring Creek Green RIVER 13609| 877000 1 0 10.31 10.31|MILES Category 4A 4/1/1998[NPS Sediment/Total Suspended Solids Degraded Habitat TMDL Approved Not Applicable |TMDL approved by EPA in 2005 (4A)
Sugar River -East Channel Sugar River East Channel Green RIVER 5476700 878400 1 0 3.19 3.19|MILES Category 5P 4/1/2016|PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)
Unnamed Unnamed Trib to Burgy Cr Green RIVER 4000228| 881000 1 0 3.82 3.82[MILES Category 5A 4/1/2014[NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)
West Branch Little Sugar River |Little Sugar River, West Branch Green RIVER 13639| 881400 1 0 6 6|MILES Category 5A 4/1/2014|NPS Sediment/Total Suspended Solids Degraded Habitat 303d Listed Low TMDL Needed (5A)

20|RIVERS 125.91|MILES

1/IMPOUNDMENT 109.24|ACRES
Official Waterbody Name Local Waterbody Name Counties Water Type WATERS ID |WBIC Segment [Start Mile |[End Mile |Length/Size |Measurement |DNR Category |Date Listed|Source Category |Pollutant Impairment Indicator Status TMDL Priority [Listing Detail
Allen Creek Allen Creek Rock RIVER 13626| 883700 5 20.22 22.96 2.74|MILES Category 5A 4/1/2016|PS/NPS Total Phosphorus Degraded Biological Community Proposed for List Medium TMDL Needed (5A)
Allen Creek Allen Creek Rock RIVER 13625| 883700 4 15 20.21 5.21[MILES Category 5A 4/1/2016|PS/NPS Unknown Pollutant Degraded Biological Community Proposed for List Low TMDL Needed (5A)
Sugar River Sugar River Rock RIVER 1855695/ 875300 5 0 10.99 10.99(MILES Category 5P 4/1/2012|NPS Total Phosphorus Impairment Unknown 303d Listed Low Phosphorus Listed (5P)
Swan Creek Swan Creek Rock RIVER 13608| 876700 1 0 5 5|MILES Category 5P 4/1/2016(PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)
Taylor Creek Taylor Creek Rock RIVER 13605| 876300 1 0 6.06) 6.06|MILES Category 5P 4/1/2016|PS/NPS Total Phosphorus Impairment Unknown Proposed for List Medium Phosphorus Listed (5P)

5|RIVERS 30|MILES

28| TOTAL RIVERS 212.72|TOTAL MILES
1|/IMPOUNDMENT 109.24|TOTAL ACRES

! Data adapted from the Wisconsin Department of Natural Resources Impaired Waters Listings website: http://dnr.wi.gov/topic/impairedwaters/




Comments on WDNR 2016 public notice list and 2016 WisCalm
Public noticed October 2015
Comments dated December X 2016

1. Wisconsin 2016 Consolidated Assessment and Listing Methodology for CWA Section 303(d) and
305(b) Integrated Reporting [hereafter WisCALM], Section 6.0, “Public Health and Welfare Uses
applicable to all waterbody types,” page 52: We recommend clarifying the phrase
“unreasonable incremental risk of cancer” by adding the following parenthetical statement: “(no
more than one additional case of cancer in a population of one hundred thousand).” We
recommend that the same clarification be added to clarify the term as used in the first
paragraph on Page 55.

2. WisCALM, Section 6.3, “Public Water Supply Use Assessment,” “Cyanobacteria,” page 54: Now
that EPA has developed Health Advisories for Microcystins and Cylindrospermopsin, we
recommend that the WDNR consider updating its previous use of World Health Organization
(WHO) guidelines to incorporate EPA’s Health Advisory values and to determine if these
represent a better indicator than the single WHO value for Microcystin LR.

3. WisCALM, Section 4.2, “Lake General Condition Assessment,” page 17: In its February 17, 2015
comment on the draft 2016 WisCALM, EPA raised concerns regarding discrepancies between
phosphorus assessment thresholds for lakes and WDNR’s total phosphorous water quality
criteria (E-mail from Donna Keclik, EPA to Aaron Larson, WDNR, February 17, 2015, Enclosure,
“Comments on Wisconsin’s Draft 2016 WisCALM document Public Notice date December 2014,”
Section 111.5, p. 1 of EPA’s comments.) In response to this concern raised by EPA, WDNR
committed to evaluating its application of the Carlson Trophic State Index (TSI) thresholds for
consistency with the total phosphorous criteria. EPA would like to continue working with WDNR
on this issue and would like a chance to review the updated draft methodology prior to
finalization.

4. WisCALM, Section 4.4, “Lake Impairment Assessment: Fish & Aquatic Life (FAL) Uses,” Table 5,
“Fish & Aquatic Life Use Impairment Thresholds for Lake Natural Communities,” page 33: In its
February 17, 2015 comment letter on the draft 2016 WisCALM, comment Section 111.9, p. 1 EPA
noted that the values in the table did not appear to be consistent with the thresholds identified
as signaling impairment in the Technical Support Document. WDNR committed to reevaluating
the FAL use thresholds and to provide more information in future updates to the WisCALM. EPA
would like to continue working with WDNR on this issue and would like a chance to review the
updated draft methodology prior to finalization.

5. Region 5 will continue to work with WDNR to address the issues raised in past comments on the
listing methodology regarding biological thresholds that are used in the assessment process.

6. WisCALM: page 51, Table 15, “Fish and Aquatic Life Use Aquatic Toxicity Impairment Thresholds
for Rivers/Streams”:



a. This table should also include Selenium. Please include this as one of the parameters
measured.

b. It appears that criteria listed in the table that had “chlor” as their root were replaced
with chlorophyll and resulted in Chlorophylloride, Pentachlorophyllorophenal,
Chlorophyllorine, and Chlorophyllorpyrifos.

7. EPA has provided additional questions regarding specific waters in our attached list, showing
comments and concerns regarding these waters.
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TMDL Correction needs to be made in offical Waterbody
Needed (5A) nane column

TMDL Onimapried waters list and deletion sheet where
Needed (5A) should this be placed?
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