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231 W. Michig.an Street

P-1759-036

AR

March 22, 2005

Ms. Magalie R. Salas, Secretary Milwaukee, W: 53203 .
Federal Energy Regulatory Commission Yrvow.we-énrg es.com = =
888 First Street, N.E. - AR
Washington, D.C. 20426 T i3 - -‘.:.,
. . \:"‘ :J "14:71&“
RE: Way Dam Hydroelectric Project, FERC No. 1759-036 S =4 R
Article 418-Low Dissolved Oxygen Mitigation- Progress Report o > 05 e
« =5 -~
T e ™m
Dear Ms. Salas: = -
[
“ =

Article 418 of the new license issued January 12,2001 for the subject project, required Wisconsig Elect’f
Power Company { WE ),conducting business as We Energies, to submit, within one year of the effective
date of new license issuance, a Plan to address the periodic release of low D.O.—containing water from the
Way Dam Project. In correspondence dated Decernber 18, 2002, this plan was filed with the Commission.
In an order dated March 18, 2004, the Commission approved this plan

The Plan called for WE to conduct a review of feasible modifications to the Project that could correct the
low DO problem as well as their related costs. Alternatives included maodifications to the Project that

would allow for continued water extraction for the purposes of power generation without impacting the
State of Michigan's water quality standard for D.O. in the Project's tailrace.

As a result of this analysis, WE concluded that the only cost effective alternative to correct the low D.O.
problem downstream of the Way Dam Project would be to suspend flow through the turbine (cease
gencration) when D.O. levels in the intake water fall below 3.0 mg/l. This will, for the most part, prevent
problems in the river segment downstream of Way Dam. However, approximately 800 ft of the Project’s
tailrace (which is physically separated from the spillway channel) will continue to experience low D.O.
conditions as a result of leakage through the unit and the project’s underwater gate. In light of this concern,

initial testing with a bubbler system was conducted in 2004 to cormrect low D.O associated with the leakage
flow. More work is planned in 2005.

The alternative analyses that WE performed in 2003 to correct low DO conditions at the Project did not
consider turbine venting, because information available at the time indicated the technofogy would not
provide the necessary improvement to meet the state standard for low DO. Additional information has
become available that suggests the technique may meet the state standard. We Energies will evaluate this
technology when engineering is performed for the Way Dam runner replacement after 2005.

We Energies is hereby filing one original and eight copies of this progress report to the Commuission for its
approval. Several exhibits constitute this filing; specifically:

Exhibit 1 We Energies’ draft progress report as submitted to the agencies for their review
Exhibit 2 We Encrgies' responses to agency comments
Exhibit 3 We Energies' Final Progress Report
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Also enclosed in this filing is a proo ce
. ing is a f of service on the jes 1i
(906) 779.2547 ifyou oof of Y agencies listed in the copy list. Please call me f

Sincerely,
William Rauscher, Manager
HydﬂmﬂmnﬁcChxnnﬁons (1!3!-11;

Encl

cc: Larry Thompson, Usrwsg
Jesgica Mistak, MDNR
Jolm Suppnick, MDEQ
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Certificate of Service

I hereby certify that I have this day served the foregoing
document upon all entities specified in the order to issue license to be

consulted on matters related to the Commission filing. Service was

done pursuant to Rule 2010 of FERC’s Rules of Practice and
Procedure 18 CFR, Section 385.2010
Dated this day Wednesday, March 23, 2005

Annié ona
We Energies

Annie Salmona

We Energies

333 W. Everett Street
Milwaukee, W1 53203
(414) 221-4151
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Exhibit 1

We Energies’ Draft Progress Report as Submitted to The Agencies
For Their Review

Way Dam Hydroelectric Project, FERC No. 1759-036
Article 418

Low Dissolved Oxygen Mitigation Plan
Draft Progress Report (without Vertical Profile Tables).



Unofficial FERC-Generated PDF of 20050325-0031 Received by FERC OSEC 03/24/2005 in Docket#: P-1759-036

Michaud.Dave

From: Michaud.Dave
-Sent: Tuesday, January 11, 2005 2:54 PM

To: Jessica Mistak; Suppnick,John (suppnicj@michigan.gov)

Ce: Rauscher.Bill

Subject: Draft 2004 Progress Report-Way Dam Low DO Mitigation Plan
Greetings and Happy New Year!

Aftached to this note are the following:

e A draft progress report for activities that took place in 2004, including our initial work with an aeration system for
Way Dam tailrace

+ Data files for tailrace monitoring
Data files for vertical profile measuremants taken in Michigamme Reservoir upstream of the dam

* A draft flow chart illustrating operations that will occur in 2005 in response to DO monitoring

We'd appreciate your comments by February 21st so as to allow us time to complete a FERC filing by March 1, 2005.

Please feel free to call me if you have questions conceming these materfals.,
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DRAFT DRALFT DRAFT

Way Dam. FERC Project No.1759-036
Article 418, Dissolved Oxygen Mitigation Plan
2004 Progress Report

January x, 2005

In a letter dated January 28, 2004, the MDNR requested that We Energics continue to

move forward with the mitigation plan that was filed with FERC in December. 2002,
which was prepared in response to Article 418 of the new license. The purpose of this
plan is to correct the seasonal occurrence of low DO at Way Dam. In its January 28"
letter, the MIDNR also recommended that the company investigate other low DO
correction alternatives including siphoning and bubbling. which according to the MDNR

has been successful at other utilities.

In response to this request, the company initiated an cvaluation of the bubbling
alternative in 2004, The company also conducted continuous temperature and DO
monitoring in the Way Dam tailrace during the summer and twicc-monthly vertical

profile measurements of temperature and DO in the Michigamme Rescrvoir immediately
upstrcam of the intake structure for the Way Dam generating unit. In addition,

temperature and DO were monitored within the plant using continuous monitoring
cquipment.

BUBBLING TECHNOLOGY -DESIGN

In early 2004, the company contracted Environmental Dynamics Inc. (EDI) to design a
bubbler system for the Way Dam tailrace. EDIis a company that primarily designs
oxygenating systems for waste water treatment. Sketches of the power house tailrace and

the following operating parameters / requirements were provided to EDI:

o Estimated lcakage flow from the generating unit-2 cubic feet per second
(CFS)

e Total water volume present in tailrace area: ~1.6 milhon gallons (this was
estimated using the bathymetry drawings for the tailrace area)

¢ Maintain DO above 3.0 parts per miflion (ppm) in the tailrace arm of the
Michigamme River at all times

e Maximum temperature of the leakage {low: ~ 70 | ( 21.1 C)H{actual
tairace range in 2004; 16.2-18.9 €}
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FDI designed a svstem that consisted ot six fine bubble acrators that were to be
submuerged o a depth ot 19 ft. EDI's design flow assumption was 1.3 mullion gallons
per day. The actual oxyveen required per day was estimated to be 63 pounds. The
standard oxyvgen transier cffictency was assumed o be 28 3", Total airflow to the
acrators was estimated to be 24 seim. assuming an air delivery systenn operating
pressure of 9.6 psig at the top of the drop pipe.

Due to fabrnication delays (EDI could not promise delivery of the acrator system prior to
the anucipated time of fow DO occurrence), We Fnergics purchased the design and the
acrator components from EDI A ocal company, RC Manufacturing. assembled the
syvstem based on the design provided from EDI. We Energies used its existing Gast
pumps (bubbler pumps used at the project to prevent icing near the tainter gates in
winter) to supply the air for the svstem. The Gast pumps have a design flow of 21
scim: therefore two pumips were used to meet the required air flow,

MONITORING PLAN-2004

During the times of the year when low DO is unlikely. the Way Dam in-plant DO
mstrument is calibrated monthlv. Beginning in June. the calibrations were inereased to
weekly to closely monttor the DO in the bearing cooling water hine ( monitoring this
water hine provides a reasonable measure of DO levels in the lower reaches of the
reservoir ). When the DO approached 5.0 PPM, the calibrations were inereased to three
tmes weekly. In addition, to assure that the in-plant DO mecasurements were mdicative
of what was occurning in the taifrace, Winkler analyses of grab samiples taken i the
talrace were obtained beginming in mid-June. The grab samples were obtained from
three arcas: off the comer ot the power house to the nght ot'the draft tube in about 15
of water:; in the tailrace arca to the right of the under water gale in about 5" of water :
anc at a point about 75" downstream in the tailrace near the tirst of two continuous
recording sondes.

Continuous recording sondes were deploved in two locations: the first location was as
desceribed above: the second was located approximately 300 ft downstream of the first
sonde. The sondes were deployed June 16 and were changed out cvery two weeks until
they were retrieved Scptember 19

Vertical profile measurcments in the reservoir were taken twice per month during the
pertod monitored with continuous recording sondes.

BUBBLING TECHNQLOGY -OBSERVATIONS

Monitoring-Overview
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In 2004, the following operation plan for the generator had been established:

« when DO dropped below 5.0 ppm, as mecasured by the in-plant DO instrument,
the total flow released by the project was to be split --50/5() between the

spillway and generation flows

+« when DO dropped below 3.0 ppm. as measured by the in-plant DO instrument,
tlow through the gencrator was to be discontinued ; all flow released by the
project was to be via spillage; the acration system was to be activated.

Due to cooler than normal temperaturcs and above average rainfall carlicr in the
summer, low DO conditions did not materialize unul 7/22/04. This is the first date DO
dropped below 5.0 ppm. At this time, the flow through the project was split between
the generator and the spillway.

On 7/28/04, the DO dropped below 3.0 ppm and the generator was taken off ling and all
of the flow, except for lcakage flow through the wicket gates, was passed through the
spillway. At this time, the acration system was activated.

On 8/10/04 the head water gate for the generator was closed 1n an attempt to cut down
on the lcakage flow through the unit's wicket gates (note: when the head gate for the
generator is closed, the in-plant DO instrument no longer accurately measures the DO
of the lcakage flow).

On 8/26/04, in response to tatlrace DO measurements (results of grab samples) the unit
was put back on line.

Monitoring-Detailed Observations

When the flow through the generator was above 450 cfs, the DO as measured by the in-
plant instrument and by the sonde downstream were comparable. We noted that the
Winkler titration measurements verified the downstream sonde readings. This was a
very helpful observation in that it showed that grab samples taken from the tailrace
could be used to determine the DO in the tailrace without the services of the in-plant
instrument.

When the flow through the generator was split with the spillway (July 22" there was
an increase in acration visually noted in the unit’s remaining discharge. The DO data
collected by the downstream sonde for the subsequent next few days appears to support
this obscrvation. (Note: since the in-plant DO instrument is situated upstrcam of the
unit’s discharge, this instrument cannot detect any potential increascs in DO added by
the turbine runner operating at 300 ¢fs).

The unit was taken off linc on July 28", In response to this action, the DO dropped
from 4.5 10 2.5 PPM, as measurcd by the downstream sonde, tn approximately 12
hours. This may have been due to the discontinuation of aeration provided by the
generator under low flows, At this time, the aeration system was activated.
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Frem the time when the unit was taken off (Julv 28™) to when the head vate was closed
(August 10™). the aeration svstem improved the DO in the tailrace, but did not increase
the DO levels above 3.0 ppm. At this time, the company concluded that the actual
leaxage flow through the gencrator with the head gate open was likely greater than the
2 CFS assumed previously.

When the headgate was closed on August 10", the DO as measured by the downstream
sorde began a general inercasing trend (ignonng for the moment the two pump failures
experienced after 8710}, For example,on 8711:04, the DO in the tatlrace, as measured
by the downstream sonde had increascd above 3.0 ppm and did not go below this value
for the rest of the summer. On 8/14/04, the DO in the tallrace. as measured by the
downstream sonde had increased above 4.0 ppm and did not go below this value for the
res of the summer. On 8:17°04, the DO in the tailrace, as measured by the downstream
sorde had increased above 5.0 ppm and did not go below this value for the rest of the
surimer.

By contrast, the vertical protile data during this tme frame indicated that DO levels in
the low est reaches of the reservoir (upstream of the umt’s intake opening) were still
we'l below 5.0 ppm.

Results of the entire continuous monitoring period as well as a more detailed
examunation of the period 22 Tuly through 26 August are provided as Figures 1 and 2,
respectively, to this report. The summary results for temperature and DO, based on the
continuous monitoring program are provided in Table [, while the results of the vertical
profile mcasurements are provided in Appendix A.

BUBBIL.ING TECHNQLOGY-CONCLUSIONS, PROPOSED REVISIONS FOR 2005

The Gast pumps used to supply the air for the acration system, experenced many
failures (at least five during the testing performed in summer. 2004), The DO as
measured by the downstream sonde showed declines in DO immediately following
pump failure,

These fanlures was most hikely due to the fact that these pumps hay e only been operated
durmg the winter months when the ambient temperature 1s a lot less than duning the
sumimer months. A different air pump (Roots pump. specifications 30 ACFM @ 10
PS’) has heen purchased for use in 2005,
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During an internal review of the 2004 momtoring / bubbling experimental data,
company staft noticed that on two occasions during the low DO period, the DO
incrcased (as measured by the downstream sonde) when the under water gate was
opened to provide required mimmmum flow through the project . The first occurrence
was on 8/17 when thc Hemlock generating unit tripped offline duc to a thunderstorm.
Flow was incrcased from Way Dam Lo boost river flow. The duration of this cvent was
only a couple of hours. The second occurrence was on 8/26/04 when the unit was being
brought on line. Note, that on 8:17'04, the under water gate had imtially been closed;
thercfore, the in-plant DO monitor was not providing accurate DO data.

Apparently, when the entire minimum flow is being passed through the under water
gate. the higher flow induces withdrawals from the more oxygenated upper layers of
the reservoir. This does not occur when the unit 1s offline and only passing leakage
flow. In support of this explanation, operators have noted that when large amounts of
walter are passed through the underwater gate, 1t creates a vortex in the intake area. It
has alse been noted by hydro personnel that we are probably getting additional acration
from the turbulence of the water at the energy dissipater wall below the underwater gate
during spills through this gate.

Conclusions:

When the unit was taken off line on 7/28/04, and the acration system opceration was
initiated. the lcakage flow through the unit with the head gate open probably exceeded
the design limit of the aeration system. Even 1f one were to exclude the pump failures
that occurred prior to 8/10/04, the system did not appear capable of maintaining DO
above 3.0 ppm. When the head gate was closed on 8/10/04, DO levels above 3.0 ppm
were attained for the rest of the summer, even though the vertical profile measurements
indicated the presence of low DO upstream of the intake during this same period.

Recommendations:

In 2005, we will continuc to monitor the DO closely during the onsct to the critical low
DO period (late June to early July). This will be accomplished by utilizing the in-plant
DO instrument. We will similarly increase in-plant instrument cahibrations cycles to
one per week starting in Junc. Continuous monitoring utilizing the sondes will hkewise
be performed in the tailrace from mid-June through mid-September.
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When the DO approaches 3.0 ppm as measured by the in-plant DO instrument,
operations will split the flow between the generator and the under water gate. This will
be done to determine if the turbutence created by the under water gate discharge adds
DCr o the water. The pereentage of flow between the under water gate and generator
can be varnied to maximize the DO level in the nver. To monitor the eftfect that the
under water gate has on the DO, two readings will be obtained by the operator using
uteation. Fhe titration readings will be obtained three times weekly. The first will be
betw cen the comner of the powerhouse and the under water gate. The second will be
70" downstream of the powerhouse. A comparison will be made between the readings
to determine if the under water gate is adding sufficient DO to keep the tailrace above
S.0ppm.. Ifthis is successtul. we will continue in this mode of operation.

11" the DO drops below 5.0 ppm. as determined by titration readings taken at the second
location described above. the flow will be split between the aenerator and the spillway.
At this ime. the operation will be similar to past yvears, whereby the total flow released
by the project is mixed using generation and spilling through the tainter gates. Since
the in-plant DO monitor cannot assess the potential increase of DO added by reduced
operation of the unit, by monitoring the DO in the tailrace at the location discussed
above. we will determine if the DO an the river can be mamtamed above 3.0 ppm
without bubbling. If the DO remains above 3.0 ppm, we propose to continue this mode
of operation.

I the DO drops below 3.0 ppm, as determined by titration readings taken at the second
location as described above. flow through the generator will be discontinued. At this
time the low will be split between the under water gate and the spillway. The goal
here 1s o see 1f the under water gate can increasc the DO and keep it above 3.0 ppm. 1
the DO remains above 3.0 ppm, we propose to continue this mode of operation,

It the DO drops below 3.0 ppm, as determined by the readings obtained by titration, the
underw ater gate will be closed and all project flow will be passed via the spillway. At
thi- tme. the tailrace acration system will be turned on. The head gate to the unit will
als be closed at this time to minimize the leakage flow. We will continue to menitor
the DO at the two locations described above by titration.

Th s plan will maintain DO in the main portion of the river between Way Dam and
Henlock Dam above 5.0 ppm, and will maintain the DO above 3.0 ppm in the Way

Dan tailrace down to its confluence with the spillway taifrace.

An opuration flow shect summartzing these actions 1s also attached to this report

O
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Figure 1 Way Dam 2004 Tailrace Data
Fow vs Dissolved caygen June 15 Sent 23 2004
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Fable T Summary of temperature and dissolved oxygen datia collected by continuous
monitoring sondes in Way Dam tailrace. June-September, 2004

Degree  Degree

Dissolved Oxygen Lt 5 () my/l Monthly Average r c
Temperature
Limres June £ 267
Juy 23 283
August 81 272
Segt "4 233

~ Way Jam Tailrace ( TR1 } - 2004 Data Summary

Month oBS | Temperatuse ¢ Deagrees C DO 7 Saturat:on Dissoived Oxyger (mg/l ) I

) Mean ~ Max  Min Mean Max M Mean  Max Min
Junes 345 171 ‘81 171 782 856 782 T4 82 T4
duly 744 173 85 162 655 530 212 57 89 20
Aug 744 | 174 189 16.3 521 8Y 6 24 19 82 03
Ser 538 | 179 85 174 __838 948 540 78 _ 89 60

/104 2100 Deleted one hewur due to errorin data

- %9 %% Data Recovery !

- Way Jam Tailrace Downstream ( TR3) - 2004 Data Summary =~

fAon'k OBS Temperature { Degreas C ) I DO % Saturation Dissolved Oxygen { mg/l )

o Mean Max M:n Mean ~ Max  Min Mean Max oM
Jure 345 169 179 154 828 9 9 672 79 86 66 -
by 744 174 187 155 ‘ 658 90 9 146 62 87 14
Aug 744 1 173 189 58 | 551 975 44 52 890 04
Ser 539 ' 181 18T i7& | 814 979 58 76 88 61

© 120" Data Recovery
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Figure 2 Way Dam 2004 Tailrace Data
Flow vs, Dissolved Oxygen 7/22 - 8/28, 2004
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INCR. CALIBRATIONS T0
WEEKLY BEGINNING IN JUNE ENV
SONDES INSTALLED BY 615

:

YES

OSEC 03/24/2005 in Docket#:

MINIMUM FILOW JUNE 400

CFS

MINIMUM FLOW JULY 300 CFS
MINIMUM FLCW AUG 250 CFS

IN PLANT DO METER ———— -  CONTINUE TO GENERATE
>5.0 PPM
NO
SPLIT THE FLOW BEWTEEN
GENERATOR AND THE
UNDER WATER GATE
Y
OBTAIN 2 TITRATION READINGS, 1°° BETWEEN
POWERHOUSE AND UNDER WATER GATE, 2"° 70 FEET YES | CONTINUE TO OPERATE
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE WITH FLOWS SPUIT
TITRATION READINGS ABOVE 5.0PPM BETWEEN GENERATOR AND
J UNDER WATER GATE
¢ NO
SPLIT THE FLOW BEWTEEN
GENERATOR AND THE
SPILLWAY
4
OBTAIN 2 TITRATION READINGS, 1°" BETWEEN CONTINUE TO OPERATE
POWERHOUSE AND UNDER WATER GATE, 2%¢ 70 FEET YES WITH FLOWS SPLIT
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE *| BETWEEN GENERATOR AND
TITRATION READINGS ABOVE 3.0PPM SPILLWAY
+ NO
CEASE GENERATING
SPLIT THE FLOW BEWTEEN
UNDER WATER GATE AND
THE SPILLWAY
OBTAIN 2 TITRATION READINGS, 177 BETWEEN CONTINUE TO OPERATE
POWERHOUSE AND UNDER WATER GATE, 2% 70 FEET YES WITH FLOWS SPLIT
DOWNSTREAM OF POWER HOUSE, ARE BOTH OF THE BETWEEN UNDER WATER
TITRATION READINGS ABOVE 3.0PPM GATE AND SPII LWAY
¢ NO
Cl OSE THE UNDER WATER GATE
AND HEAD GATE, DIVERT ALL FLOW
THROUGH SPILLWAY AND ACTIVATE
THE AERATION SYSTEM
F
OBTAIN 2 TITRATION READINGS, 1°' BETWEEN vES CONTINUE TO OPERATE WITH

POWERHOUSE AND UNDER WATER GATE. 2M° 70 FEET

DOWNSTREAM CF POWER HOUSE, ARE BOTH OF THE

TITRATION READINGS ABOVE 3.0PPM

NO

h
DO MITIGATION EFFORTS NOT SUCCESFUI I

UNDER WATER AND HEAD GATE
CLOSED AND ALL FLOW THROUGH
SPILEWAY AND AERATION
SYSTEM DEPLOYED

P-1759-036
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Exhibit 2

We Energies Response to Recommendations Received From
Consulted Agencies

Way Dam Hydroclectric Project, FERC No. 1759-036
Article 418
Low Dissolved Oxygen Mitigation Plan
Draft Progress Report

Responsc and Reply to Email note sent by
Jessica Mistak, MDNR, February 23, 2005

Response and Reply to Email note sent by
John Suppnick, MDEQ, March 10, 2005
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Michaud.Dave

From: Michaud.Dave

Sent:  Wednesday, February 23, 2005 10 38 AM

To: ‘Jessica Mistak’

Cc: Suppnick.John (suppnicj@michigan.gov). Cevigney.Scott, Rauscher.Bill
Subject: RE: FW: Draft 2004 Progress Report-Way Dam Low DO MitigationPlan

Thank you for pointing out an error in our draft report. It should have read...."continuous monitoring will
be conducted from mid-June through mid- September”. A progress report will be filed in early 2006, as
well.

From: Jessica Mistak [mailto:mistakjl@michigan.gov]

Sent: Wednesday, February 23, 2005 9:28 AM

To: Michaud.Dave

Cc: John Suppnick

Subject: Re: FW: Draft 2004 Progress Report-Way Dam Low DO MitigationPlan

Dave,
I apologize for the late comments- I meant to complete my review last week and, instead, came down

with the flu.

My only concern is that you propose 2005 DO monitoring only in late June to early July, or what you call
the critical low DO period. Although I understand 2004 was a cooler than normal year, DO problems
were experienced July through August and 1 don't believe this is atypical. My recommendation is that
you monitor DO from June 20 through August 31, 2005. In addition, please file a 2005 progress report
(similar to the 2004 progress report) in early 2006.

Thank you,
Jessica

CC L > > Lo <> > C>L
Jessica Mistak, Senior Fisheries Biologist
MDNR Marquette Fisheries Station

484 Cherry Creek Rd

Marquette, MI 49855

906-249-1611 ext. 308

FAX 906-249-3190

SCD >LD D> DL L >C> > >L>

>>> "Michaud.Dave" <Dave.Michaud@we-energies.com> 02/22/05 9:24 AM >>>

From: Michaud.Dave
Sent: Tuesday, February 22, 2005 8:22 AM

310 2005
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To:  lessica Mistak’; ‘Suppmck,John {suppnic)@mictugan.gov)’
Cc:  Rauscher Bill; Michaud.Dave
Subject: £- Draft 2004 Progress Report-Way Cam Low DO Mitigation Plan

Jessica and John:

How is your review coming along? When do you anticipate providing comments?

fFrom: Michaud.Dave

Sent: Tuescay, January 11, 2005 2:54 PM

To:  Jessica Mistak; Suppnick, John (suppnig@michigan.gev)

Cc: Rguscher Sill

Subject: N-att 2004 Progress Report-Way Dam Low DO Miigation Plan

Greehngs and Happy New Year!
Attached to this note are the following:

A draft progress report for activities that took place in 2004, ncluding our initial work with an aeration system for

[

Way Dam tailrace
o Data files for tailrace monitoring
o Data files for vertical profile measurements taken in Michigamme Reservoir upstream of the dam
c A draft flow chart illustrating operations that will occur in 2005 in response to DO monitoring

We'd appreciate your comments by February 21st so as to allow us time to complete a FERC filing by March 1, 2005.

Please feel free to call me if you have questions concerning these materials.

310:2003
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Michaud.Dave

From: John Suppnick [SUPPNICJ@michigan.gov]

‘Sent: Thursday, March 10, 2005 6:47 AM

To: Michaud.Dave

Cc: Jessica Mistak

Subject: Re: FW: Draift 2004 Progress Report-Way Dam Low DO Mitigation Plan
Dave,

Thank vou for sending us a copy of the draft 2004 progress report on your efforts -0 find
a solution to the low dissolved oxygen (DO) problem at the Way dam. We have The Tollowing
ccmmernts.

We expect that you should be able to make a detcermination of what long term solution will
wcrk at the Way dam following the 2005 menitoring season, a period of data anaiysis and
censultation with us. Thercfore your feasibility study shculd be completed by February 2
of 2006.

Ycu appear to be proceeding unde: the assumption that 3 mg/l will be the eventual goal for
G in the tailrace. Although we have not ruled out approving the tailrace as a mixing
zcne where a 2 mg/l DO level would be acceptable we have not received from you tne
biological data necessary to make such a determination. My December 11, 2002 letrer to
yeu stated that for any mitigation options that result in DO levels less than 5 m3/! at
ary locaticen in the stream, your evaluation should discuss the areca affected, the type of
habitat present in the affccred area, and the expected effect on rhe aguatic life that are
tikely to inhabit this area. This process is spelled out in ruin 3082 cof Michigan's
Water GQuality Standards (attached:.

vour plan for operatiens and data collection at Way dam this summar indicate that the
bubblers would not be turned on until the DO is less than 3 mg/l. However, uni:il the
mixing vone demonstration is madc, your operations scheme should attempt to maintain S
mc/1 in the tailrace channel. Your DO testing should be designed sc that you <an
caleulate the DO deficit ratio fdeficit before aeration/deticit after aeration’ attributed
to the bubblers. This will allow you to determine how the bubblers would perfarm under
ary DO conditions.

1f vou kave any questions about 'hese comments pleasc give me a call.
Jahn

John Suppnick

Michigan Department of Environmental Quality Water Bureau

517 -335-4192
suppnicjémichigan.gov

»s> "Michaud.Dave" <Dave.Michaud=we-energies.com= 03/09/05 9:21 AM >>>
Jchn, were you still planning to provide comments?

>

> From: Michaud.Dave

> Sent: Tuesday, February 22, 200% 8:22 AM

> Ta: ‘Jessica Mistak'; 'Suppnick,John (suppnicj@michigan.gov)'

» Cc: Rauscher.Bill; Michaud.Dave

» Subject: RE: Draft 2004 Progross Report-Way Dam Low DO Mitigation
> Plan

> Jegsica and John:

> How is& vour review coming along? #hen do you anticipate nroewviding

> comments?
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S rrom: Michaud. Dave

Sent: Tuesday, January 11, 205H 2:54 PM

To: Jessica Mistak; Suppnick,Jokn (suppnicjimichigan.gov)

Ce: Rauscher.Bill

Subjecc: NDraft 2004 Progress Report wWay Dae Low BO Mitigation
Plan

Greetings and Happy New Year!
At-ached to this note arc the fcliowing:
* A draft progress report ftor activities that took place in 2704,

including our initial work with an aeration system for Way Dam
tal.race

* Data files for tailrace menitoring

> Nata files for vertical profile mecasurements taken in Michigamme
Reservolry upstream of the dam

* A draft flow chart illustrating sperations that will occur in

2005 in respense to DO monitoring
vie'd appreciate your comments by February 2lst so as tc allow us time
Lo complete a FERC filing by March 1, 2005.

Please teel free to call me it you have questions concerning these
materials.

P-1759-036
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Reply to John Suppnick ( MDEQ ). March 10, 2005 email response to the Company’s
Draft Report:

The Company agrees that the momitoring and mitigation activities planned for summer,
2005 should provide sufficient information for the Company’s development of a long-
term solution for summer low-DO problems. This assumes that normal temperature and
rainfall conditions will prevail this summer.

We agree that our mitigation efforts should be geared toward maintaimmg the 5.0 my/'l
standard and not the 3.0 mg/1 goal that was stated in the draft Progress Report. As a
result., we have revised the Recommendations section of the Progress Report. All
proposed actions are now aimed al maintaning the 5.0 mg | standard in the Project’s
tailrace. If we simply cannot achieve the 5.0 mg/1 standard, but can at lcast meet the 3.0
mg’ | goal, we will initiate consultation with the MDEQ as to the nature of biological
studies that may be necessary to obtain a mixing zone variance for the tailrace section of
the river.
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Exhibit 3
We Encrgies’ Final Progress Report

Way Dam Hydroelcctric Project, FERC No. 1759-036
Article 418
Low Dissolved Oxygen Mitigation Plan
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Way Dam, FERC Project No.1759-036
Article 418, Dissolved Oxygen Mitigation Plan
2004 Progress Report

March 22, 2005

INTRODUCTION

In a letter dated January 28, 2004, the MDNR requested that We Encrgies continue to
move forward with the mitigation plan that was filed with FERC in December, 2002,
which was prepared in response to Article 418 of the new license. The purpose of this
plan is to correct the seasonal occurrence of low DO at Way Dam. Inits January 28"
letter, the MDNR also recommended that the company investigate other low DO
correction altematives including siphoning and bubbling, which according to the MDNR
has been successful at other utilities.

In response to this request, the company initiated an evaluation of the bubbling
alternative in 2004. The company also conducted continuous temperature and DO
monitoring in the Way Dam tailrace during the summer and twice-monthly vertical
profile measurements of temperature and DO in the Michigamme Reservoir immediately
upstream of the intake structure for the Way Dam generating unit. In addition,
temperature and DO were monitored within the plant using continuous monitoring
cquipment.

BUBBLING TECHNOI.OGY DESIGN

In carly 2004, the company contracted LEnvironmental Dynamics Inc. (EDI) to design a
bubbler system for the Way Dam tailrace. EDI is a company that primarily designs
oxygenating systems for waste water treatment.  Sketches of the power house tailrace and
the following operating parameters / requirements were provided to EDI:

e Fstimated leakage flow from the generating unit-2 cubic feet per second
(CFS)

o Total watcr volume present in tailrace arca: ~1.6 million gallons (this was
estimated using the bathymetry drawings for the tailrace arca)

e Maintain DO above 3.0 parts per million (ppm) in the tailrace arm of the
Michigamme River at all times

¢ Maximum temperature of the lcakage flow: ~ 70 F ( 21.1 C )(actual
tailrace range in 2004; 16.2-18.9 C )
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EDI designed a system that consisted of six finc bubble aerators that were to be
submerged to a depth of 19 ft. EDI's design flow assumption was 1.3 million gallons
per day, the approximate static volume of the entire tailrace segment. The actual
oxygen required per day was cstimated to be 65 pounds. The standard oxygen transfer
efficicncy was assumed to be 28.5%. Total airflow to the acrators was estimated to be
24 scfm, assuming an air delivery system operating pressure of 9.6 psig at the top of the
drop pipe.

Duc to fabrication delays (EDI could not promise delivery of the acrator system prior to
the anticipated time of low 1O occurrence), We Energies purchased the design and the
aerator components from EDL A local company, RC Manufacturing, assembled the
systcm based on the design provided from EDI. We Energies used its existing Gast
pumps (bubbler pumps used at the project to prevent icing near the tainter gates in
winter) to supply the air for the system. The Gast pumps have a design flow of 21
scfm; therefore two pumps were used to meet the required air flow,

MONITORING PLLAN-2004

During the times of the year when low DO is unlikely, the Way Dam in-plant DO
instrument is calibrated monthly. Beginning in June, the calibrations were increased to
weekly to closely monitor the DO in the bearing cooling water line ( monitoring this
water linc provides a rcasonable measure of DO levels in the lower reaches of the
reservoir ). When the DO approached 5.0 PPM, the calibrations were increased to three
times weekly. In addition, to assure that the in-plant DO mecasurements were indicative
of what was occurring in the tailrace, Winkler analyscs of grab samplcs taken in the
tailrace were obtained beginning in mid-June. The grab samples were obtained from
three areas: off the comer of the power house to the right of the draft tube in about 15’
of watcr; in the tailrace arca to the right of the under water gate in about 5 of water ;
and at a point about 75' downstream in the tailrace near the first of two continuous
rccording sondes.

Continuous recording sondes were deployed in two locations: the first location was as
described above; the sccond was located approximately 500 ft downstream of the first
sonde. The sondes were deployed June 16 and were changed out every two weeks until
they were retrieved September 19,

Vertica! profile measurements in the rescrvoir were taken twice per month during the
period monitored with continuous recording sondes. The results of these measurements

arc attached to this report.

BUBBLING TECHNOLOGY-OBSERVATIONS

Monitoring-Overview
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In 2004, the following operation plan for the generator had been cstablished:

e when DO dropped below 5.0 ppm, as measured by the in-plant DO instrument,
the total flow released by the project was to be split ~50/50 between the
spillway and generation flows

o when DO dropped below 3.0 ppm, as mcasured by the in-plant DO instrument,
flow through the generator was to be discontinued ; all flow released by the
projcct was to be via spillage; the acration system was to be activated.

Duc to cooler than normal temperatures and above average rainfall carlier in the
summer, low DO conditions did not materiatize until 7/22/04. This is the first date DO
dropped below 5.0 ppm. At this time, the flow through the project was split between
the generator and the spillway.

On 7/28/04, thc DO dropped below 3.0 ppm and the generator was taken off line and all

of the flow, except for leakage flow through the wicket gates, was passed through the
spillway. At this time, the actation system was activated.

On 8/10/04 the head water gate for the generator was closed in an attempt to cut down
on the leakage flow through the unit’s wicket gates (note: when the head gate tor the
generator is closed, the in-plant DO instrument no longer accurately measures the DO
of the leakage flow).

On 8/26/04, in response to tailrace DO measurements (results of grab samples) the unit
was pul back on line.

Monitoring-Detailed Observations

When the flow through the generator was above 450 cfs, the DO as measured by the in-
plant instrument and by the sonde downstrcam were comparable. We noted that the
Winkler titration measurcments verified the downstream sonde readings. This was a
very helpful obscrvation in that it showed that grab samples taken from the tailrace
could be used to determine the DO in the tailrace without the services of the in-plant

instrument.

When the flow through the generator was split with the spillway (July 22" there was
an increase in acration visually noted in the unit’s remaining discharge. The DO data
collected by the downstrcam sonde for the subscquent next few days appears to support
this observation. {Note: since the in-plant DO instrument is situated upstrcam of the
unit’s discharge, this instrument cannot detect any potential increases in DO added by
the turbine runner operating at 300 cfs).

The unit was taken off linc on July 28™. In response to this action, the DO dropped
from 4.5 to 2.5 PPM, as measurcd by the downstream sondc, in approximately 12
hours. ‘This may have been due to the discontinuation of acration provided by the
gencrator under low flows. At this time, the acration system was activated.
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From the time when the unit was taken off (July 28") to when the head gate was closed

(August l()‘h), the acration system improved the DO in the tailrace, but did not increasc
the DO levels above 3.0 ppm. At this time, the company concluded that the actual
lcakage flow through the generator with the head gate open was likely greater than the
2 CFS assumed previously.

When the headgate was closed on August 10", the DO as measurcd by the downstream
sonde began a general increasing trend (ignoring for the moment the two pump failures
experienced after 8/10). For example, on 8/11/04, the DO in the tailrace, as measured
by the downstream sonde had increased above 3.0 ppm and did not go below this value
for the rest of the summer. On 8/14/04, the DO in the tailrace, as measured by the
downstream sonde had increased above 4.0 ppm and did not go below this value for the
rest of the summer. On 8/17/04, the DO in the tailrace, as mcasured by the downstream
sonde had increased above 5.0 ppm and did not go below this value for the rest of the
sumimer.

By contrast, the vertical profile data during this time frame indicated that DO levels in

the lowest reaches of the reservoir (upstream of the unit’s intake opening) were still
well below 5.0 ppm.

Results of the entire continuous monitoring period as well as a more detailed
examination of the period 22 July through 26 August are provided as Figures 1 and 2,

respectively, to this report. The summary results for temperature and DO, based on the
continuous monitoring program are provided in Table 1, while the results of the vertical
profile measurcments are provided in Appendix A.

BUBBLING TECHNOLOGY -CONCLUSIONS, PROPOSED REVISIONS FOR 2005

The Gast pumps used to supply the air for the aeration system, experienced many
failures (at lcast five during the testing performed in summer, 2004). The DO as
measured by the downstream sonde showed declines in DO immediately following
pump failure.

These failures were most likely due to the fact that these pumps have only been
operated during the winter months when the ambient temperature is a lot less than
during the summer months. A different air pump (Roots pump,) has been purchased for
usc in 20005.
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During an internal review of the 2004 monitoring / bubbling experimental data,
company staft noticed that on two occasions during the low DO peried, the DO
increased (as measured by the downstream sonde) when the under water gate was

opened to provide required minimum flow through the project . The first occurrence
was on 8/17 when the Hemlock generating unit tripped offline due to a thunderstorm.

Flow was increased from Way Dam to boost river flow. The duration of this event was
only a couple of hours. The sccond occurrence was on 8/26/04 when the unit was being
brought on linc. Note, that on 8/17/04, the under watcer gate had initially been closed;

therefore, the in-plant DO monitor was not providing accurate DO data.

Apparently, when the entire minimum flow is being passed through the under water
gate, the higher flow induces withdrawals from the more oxygenated upper laycrs of
the reservoir. This does not occur when the unit is offline and only passing leakage
flow. In support of this explanation, opcrators have noted that when large amounts of
water arc passed through the underwater gate, it creates a vortex in the intake arca. It
has also been noted by hydro personnel that we are probably getting additional acration
from the turbulence of the water at the energy dissipater wall below the underwater gate
during spills through this gate.

Conclusions:

When the unit was taken off linc on 7/28/04, and the aeration system operation was
initiated, the leakage flow through the unit with the head gate open probably exceeded
the design limit of the acration system. Even if one were to exclude the pump failures
that occurred prior to 8/10/04, the system did not appear capable of maintaining DO
above 3.0 ppm. When the head gate was closed on 8/10/04, DO levels above 3.0 ppm
werc attained for the rest of the summer, even though the vertical profile measurements
indicated the presence of low DO upstream of the intake during this same period.

Recommendations:

In 2005, we will continue to monitor the DO closely during the onsct to the cnitical low
DO period (late June to early July). This will be accomplished by utilizing the in-plant
DO instrument. We will similarly incrcase in-plant instrument calibrations cycles to
one per week starting in June. Continuous monitoring utilizing the sondes will likewise
be performed in the tailrace from mid-June through mid-September.
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When the DO approaches 5.0 ppm as measured by the in-plant DO instrument,
operations will split the flow between the generator and the under water gate. This will
be done to determine if the turbulence created by the under water gate discharge adds
DO to the water. ‘The percentage of flow between the under water gate and generator
can be varied to maximize the DO level in the river.  To monitor the effect that the
under water gate has on the DO, two readings will be obtaincd by the operator using
titration. The titration readings will be obtained three times weekly. The first will be
between the comer of the powerhouse and the under water gate. The second will be
~70° downstream of the powerhouse. A comparison will be made between the readings
to determing if the under water gate is adding sufficient DO to keep the tailrace above
5.0 ppm.. If this is successtul, we will continue in this mode of operation.

If the DO drops below 5.0 ppm, as determined by the readings obtained by titration, the
generator will be taken off line and virtually all of the required minimum flow from the
project will be passed through the underwater gate. A small amount of flow will be
passed downstream via the spillway.

If the DO in the tailrace cannot be maintained at or above 5.0 ppm by the flow being
passcd through the underwater gate, the underwater gate will be closcd. At this time,
the tailrace acration system will be turned on to counteract the low DO present in the
lcakage flow. We will continuc to monitor the DO at the two locations described
above by titration.

If the DO in the tailrace can not be maintained above 5.0 ppm with the acration
system deployed, but can maintain it above 3.0 ppm, the Company may petition the
MDEQ to allow the entire tailrace length to become a mixing zone, wherein DO
transitions to the standard of 5.0 ppm prior to joining the main river. To accomplish
this, the Company will need to conduct environmental studics per Michigan water
quality law (323.1082). The Company will consult with the MDEQ as to the exact site-
specific requirements for this petition.
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Figure 1 Way Dam 2004 Tailrace Data
Flow vs. Dhssolved oxygen June 16 -Sept 23. 2004
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Table 1 Summary of temperature and dissolved oxygen data collected by continuous
monitoring sondes in Way Dam tailrace, Junc-September, 2004

Deagrae: Degree

Ihissolved Oxygen Limit 5.0 mgy/l Monthly Average F C
Temperature
Limits; June 80 26.7
July 83 28 3
August 81 272
Sept 74 233
Way Dam Tailrace { TR1 ) - 2004 Data Summary
Month 08S Temperature { Degrees C ) 00 % Saturation Dissolved Oxygen { mg/l }
) Mean Max C_Min Mean Max Min Mean __ Max Min
June 345 171 181 171 18.2 86.6 78.2 7.4 B2 7.4
July 744 17.3 186 16.2 655 93.0 212 6.2 89 20
Aug 744 17.4 189 16.3 52.1 89.6 2.9 49 8.2 0.3
Sep 539 17.9 18.5 174 83.8 94.8 64.0 7.8 89 6.0

06/17/04 2100 Deleted one hour due to error in data.

99 9% Data Recovery .

_Way Dam Tailirace Downstream ( TR3 ) - 2004 Data Summary

Month OBS | Temperature { Degrees C ) DO % Saturation Dissolved Oxygen ( mg/l )
_ | Mean  Max _ Min Mean  Max Min Mean  Max Min |
June 345 16.9 17 9 154 82.8 %09 672 7.9 8.6 66
July 744 174 18.7 159 65.8 909 14.6 6.2 8.7 1.4
Aug 744 17.3 189 158 55.1 97 5 44 8.2 9.0 04
| Sep 539 18.1 18.7 176 814 92.9 65.8 76 8.6 6.1
100% Data Recovery )

P-1759-036
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Figure 2 Way Dam 2004 Tailrace Data

Flow vs. Dissolved Oxygen 7/22 - 8/28, 2004
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Way Dam Hyd-oelecinc Project
Verucal P-ofile Dati

FERC Project No 1759-036

:]lndlcates opening of intake forebay (10-15 5m)

Ta:ace data for same tme Denod as verical grollie on 6/17i04

Time  TempC DQ(mg/} 0O (% Sat) Cond
800 158 64 655 77
00 158 6.4 652 77
1000 16.0 6.5 665 77

»H was not & parameter collecled in the tailrace

31 0/2005

1081

17Jun-04 16-Jun-04 16~Jun-04

Approximale mrtemp 155 C Aprroximalte air temp 288 C Approamale avtemp 288 C

Seccr Dopth 6 0 Waler depth ~4G Time 0845 cotn Deph 50 Time 162790 Tume 1520

wWinas NE 8-12 mph cool and breesy Wings NE 812 mph cond and hreezy Wirts NE 8 12 miphi rood And breezy

Taken in lowage Taken i Tadrace (TRI; Taken n Tadigee {TR3; ~ 400" downstieam

0.0. D0 % Cond. D.O. D.O. % Cond. D.O. DO . % Cond.

Deapth (m) Temp. {C) (mgh) Saturation {uS/cm) pH(SU.) [Desth {(m) Temp. (C) (mg/) Saturation {uS/em} pH(SU ) |Depth(m} Temp. (C) (mgh) Saturation (LS/cm)  pH({SU)
00 196 8.7 96.4 80 T1 0.0 15.9 70 712 82 73 0.0 159 T4 759 81 81
0.5 196 a7 961 80 71 05 159 70 713 80 73 05 159 74 758 81 a1
1.0 196 87 858 80 72 10 159 70 713 80 T2 1.0 ‘59 7.4 757 81 80
15 196 a7 956 80 72 15 59 70 713 8 72
20 196 86 954 80 72 20 1589 7.0 71.3 80 72
25 196 86 95.2 80 71 25 158 7.0 712 80 72
30 19.5 86 947 80 7.1 3.0 158 69 70.2 81 T2
35 19.4 86 944 80 72 35 158 6.9 704 a1 7.2
40 19.3 86 94 2 80 72 3.8 15.9 69 70 3 81 7.3
45 ‘a9 B4 914 80 71
50 178 82 878 80 72 16-Jun-04 16~Jun-04
55 17 4 81 854 80 7.2 Approximale an ter 288 C Approximalte s toemp 2B8 C
6.0 168 7.8 B1.2 80 T Tune 1615 Time 1520
55 165 77 794 80 71 winds NE B-12 inph coul anyd Breesy Winds NE 8- 12 mph conl anit breely
70 163 78 779 80 72 From drain pipe (TR2: Taken on Tanler Gate { TG 1) side

DO DO % Cond D.O. DO. % Cond.
75 ‘62 75 77.0 80 71 Depth (m)  Temp (C) (mp) Saturaton (uSicm)  pH (S.U)) |Depth (m)  Temp. (C} (mgl) Saturation (uS/icm)  pH (S .U.)
BO 159 71 724 79 71 0.0 85 06 4.7 186 72 0.0 191 8.9 972 82 78
BS 151 6.0 60.8 78 71 05 9. 89 971 82 78
9.0 149 55 551 78 71 10 191 89 870 82 78
95 149 55 550 78 71 13 191 8.9 7.0 82 7.8
10.0 14.8 55 54 6 77 71
10.5 147 52 521 77 I
11.0 46 53 525 80 7.0
115 145 53 532 a2 70 TR1 - Taken in talrace near plant
120 14.3 53 526 83 69 TR2 - Taxen from a graan pipe at hase of dam. Discharges into tailrace
125 14.2 54 536 2] 69 TR3 - Ta<en in the talrace approx.mate y 400" dowrstrearr of TR1
12.9 14.2 54 535 87 6.9 TG1 - Taker on Tanter Gate s ce of plant

Way Dam 2004 Verticals xIsWayJune 17 (4
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Wav Dam —vd-oelectc Pro ect
venical P:ofile Caa

FERC Proiect No 1759-036

[ Jincicates cpening of intake foreday {15-15 5m)

711

Lme TemoC DO(mgn LO (% Sal) Cong
800 175 76 807 83
906 176 77 821 83
1000 176 77 815 83

PH was rol a pararsg¢ter collected in the tailrace

3i110:2005

1o0f*

1-Jul-04 1-Jul-04 1-Jul4
Approxmate air lemp 183 C Agoroximate airlemp 183 C Approxmate g temg 183 O
Seccr: Depth: 6 0 Water depth ~40 Time 5900 Secct Depth 50 T.me 1126
Wirds Calm shightly north 0-3 mph ne clouds bright sun | Wings Caim siightiy north 5 mpn: 9 Ciouds brght sun  \Wngs Caim sightty nonth © 3 rmigh no ciouds rignt s
Taken 1 fiovage Faken n Taidrace (141 Farenn Tasrace (T3 - 406 downsiream
D.O. DO % Cond DO DC % Cord DO % Cond
Depth (m} Temp (C) (mg) Saturation (uS/cm)  pH (S.U.) |Depth (m) Temp. (C) (mgA} Saturation {(uS/cm) pH (S U.) {Depth (m) Temp. (C) D C (mgA} Saturaton  (uSicm)  pHIS U}
00 191 89 978 83 73 00 ‘77 85 90 7 85 13 00 177 82 879 85 71
05 ‘91 88 972 83 73 05 77 84 902 85 72 05 177 82 883 85 "
10 90 88 965 83 73 "0 177 84 899 85 72 10 177 82 88 0 85 71
‘5 189 88 960 83 73 5 177 84 867 85 72
2C 188 87 855 83 73 29 177 B4 894 85 72
25 188 87 9590 83 13 25 177 £3 888 85 72
e 187 a7 845 82 T3 33 177 83 886 85 72
i35 187 86 94 3 83 T2 24 177 83 886 85 72
490 187 B8 938 82 72
45 87 86 8386 82 73
50 ‘84 84 910 84 72 1-Jul-04 1-Jul-04
5¢ 183 84 90 6 83 72 Appraruamdte ailermp 183 O Approxidie g2 femp 183 O
60 179 82 880 83 A Tung T1ih #1135
65 178 82 ar7 83 71 Wands Zalm skightiy norin 0 3 mph 19 gicuds brght sun | Ainds Calm sighlly nonn G 3 mgn o Ciouds Drght sun
TG 178 az B75 83 71 grar pipe + TRZ) Faken or Taointer Gate T51 sde
D.O. 0.0 % Cond DO % Cond
75 175 80 849 83 71 Depth (m) Temp (C} {mgl) Saturabon (uSicm) pH{S U) |Depth{m) Temp (C) DO {mgM) Sawration (uSicm) pH(SU}
89 173 78 831 85 71 ¢ | 90 C4 37 188 72 00 200 83 926 135 74
85 172 76 B0 @ 84 7 05 185 81 881 134 73
90 172 76 80.5 85 71 10 170 79 841 181 73
95 72 76 803 85 70
100 171 75 795 a5 70
10.5 170 75 790 85 70
110 169 74 773 87 70
115 168 73 765 91 70 TR1 - Taxen .n talrace war p.ant
120 16 7 71 743 95 70 TR2 - Taken trom a dra n pipe at base of dam Discharges into tallrace
125 164 68 71 104 70 TR3 - Taken in the tanrace approxmately 430" downstream of TR1
130 163 67 69 2 109 70 TG1 - Taken on Tanter Gate s.de of plant

Way Dam 2004 Verucals xlswayluy 01 24)
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Way Dam Hyd oclectne Project FERC Proiect No *758-036
vertica. Prof le Dala

15-Jul-04 15-Jul-04 15-Jul-04

Approxenate ar temy 21 1C Approximate air temp 23 5C Approxamiate nrtemp 25 80

Secch Depth 8§ 0 Water depth ~4 Time 090G Secch Depth 5 5 Time 1205 Tene 1212

Westerly vunds 4-7 mpn shght hace NW winds 4-7 mgh 725% Clouas NW wings 4-7 mih 20°% clouds

Takon n flowage Taken n Tapdrace (TR1; Taketin iargce (TR3 ~45(0) downsiream

DO. 0.O. % Cond. 00. 00 % Cond. D.C. D.O. % Cong,

Depth (m) Temp. {C) (mgA} Ssturation (uS/cm) pH (S U} [Depth (m} Temp. {C} (mgn) Saturation _(uSicm)  pH (S.U.} |Depth (m} Temp. {C) (mg) Saturation (uSicm)  pH (S U}
oo 202 88 992 88 7.6 0.0 139 9.2 915 103 74 00 176 73 810 94 71
0s 203 88 99.2 88 76 05 139 90 897 102 74 05 176 75 BOO 94 7.1
1.0 201 88 95.0 88 76 10 13.7 91 886 103 73 10 176 74 79.4 94 70
1.5 19.9 86 97.4 88 7.5 15 136 91 87 4 103 73
20 197 84 93.4 88 75 20 137 89 893 ‘03 73
25 196 83 924 88 75 25 137 88 873 104 73
390 195 9.3 92.5 88 7.4 30 137 89 865 105 72
35 194 82 9086 88 74 33 13.6 8.9 86.7 105 72
40 19.3 8.1 89.3 87 7.3
45 197 80 87.9 88 73
50 189 79 861 88 7.3 15-Jul-04 15-Jul-04
55 184 76 819 €0 7.2 Approximate aif temp 23 8C Apprixaniale i temp 23 20
60 182 74 797 91 72 Time 1265 Time 1212
65 181 12 774 89 72 NW winds ¢-7 miph 20% clsuds NW wirids 4 7 mph 2% clouds
70 ‘76 7.5 759 91 71 From drari pige (1RZ: Faken ot Tanter Gate (TG site

D.C. D.O. % Cong. D.O DO % Cond

75 17.7 6.8 728 91 71 Dapth (m)  Temp. (C) {mg) Saturation {(uS/cm}  pH(SU.) [Depth(m} Temp (C) (mgh) Saturation {uS/cm)} pH{S.U.}
8.0 173 6.5 69.0 91 T 01 | 98 0.8 68 18.9 73 0.0 21.7 8.4 959 140 73
85 172 64 68 3 93 70 05 207 81 925 149 7.3
9.0 174 66 699 92 70 1.0 18.7 8.0 88.3 191 7.3
95 173 65 685 95 70
10.0 17.2 64 68 2 95 7.0
105 7 6.4 678 94 70
11.0 b 6.3 653 97 69
115 16.4 59 615 114 B9 TR* . Taken n tailrace near p.ant
120 163 59 61.2 117 69 TR2 - Taken from a drain pipe 3t base of dam Discharges .n:0 tailrace
125 163 59 608 118 69 TR3 - Taken 1n tre tallrace approximately 400" downstream of TR

TG1 - Taken on Tainter Gate side o p.ant

:]lncnca:es opening of intake forebay (10-15.5m)

Tarir. ta for I 0 1cal profil rial
Lme TeroC 0Q(mgi) DO(%Sal Cong
800 178 71 753 91
900 177 72 6.2 93
1000 75 7.4 74.9 94

pH was ot 3 paraTeter coliected 1n the tanrace

31072005 1041 Way Dam 2004 Verticals xlsWayJu.y 15 04
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Way Dam Hyrlroeinctne Project
Vertical Prof le Data

FERC Privect No 1759-N38

30-Jul-04 29-Jul-04 29-Jui-04
Apsroxmale arfemp 2380 Approximiate it temp 23 8C Approxunale e temp 253 BC
Secor Depth 70 Waler dopth ~40° Tirne 0915 T:ne 1527 Timier 1640
SNF winds 3-7 mph clear blue sky WSW wunis B 12 mph HHY 5L OvRICANT WSW amnds B 17 mph 100 % overcast
Token i igwage Taken . Taitace (TR, Takenn Tadrace (TR 3; =400 Jownstreain
DO. D.O. % Cond. D.O. D.O. % Cord. D.0. DO % Cond.
Depth (m)  Temp. (C) (mpA) Saturation (uS/em) pH(SU.) |Depth(m) Temp. (C) (mgh) Saturatign {uSfem)  pH (S.U)} [Depth{m)  Temp. {C} (mgn) Saturation {(uS/em)  oH (S.U)
0.0 2°5 82 948 a7 74 0.0 16.6 26 274 113 71 Qo0 17.4 4. 431 102 6.9
05 2°.5 8.2 84.0 97 74 05 ‘66 26 272 13 71 05 16 8 30 319 112 69
10 214 8.1 934 97 74 0 16.5 26 269 113 71 10 166 26 275 112 69
1.5 213 81 93.2 97 74 15 165 26 26.9 13 ™ 14 16 5 26 266 112 69
2.0 213 81 927 97 74 20 16.5 25 26.6 13 71
25 213 8.0 921 97 74 25 165 25 26.5 143 70
30 213 79 904 96 74 30 165 24 252 114 74
35 212 78 89.5 97 73 34 16.4 24 252 ‘15 7
4.0 2'0 7.0 806 98 72
45 205 6.4 73.0 100 71
50 192 49 540 102 6.9 29-Jul-04 29-Jul-04
55 187 4.4 484 103 6.9 Approximite air temp 235 8C Approxinate s temyp 23 BC
6.0 ‘84 41 441 100 6.9 Tune 1621 Tune 165G
65 180 37 394 103 68 WS wiris 8-12 mph D Se overcast WSW winds 8-tz mph 100 2% overcist
70 177 33 349 104 6.8 From draen pipe (TR2; Taken i Talrace TRY
D.O. D.C. % Cond. DO 0O % Cond.
75 17.4 2.9 305 104 68 Depth (m)  Temp. (C) (mg/l) Saturgtion (uS/em)  pH (S.U ) Depth{m)  Temp. {C) (mg/l} Saturation (uS/cm)  pH (S.U.)
8.0 17.2 28 294 105 67 0.1 [ 105 0.4 37 19 2 T4 00 18.7 60 626 103 71
85 17.0 26 26.9 106 6.7 05 188 62 70.0 102 I
90 16.9 24 252 106 67 07 16.8 3.0 313 111 69
95 169 24 251 106 68
100 ‘6.7 21 222 108 6.8
105 6.6 20 207 110 6.7 29-Jul-04
10 166 1.9 201 110 6.7 Approaariate ar temp 25 8C
115 16 4 1.7 17.9 112 6.7 Fing 10950
120 163 16 1T 112 67 WSW winds 8- 172 mph 100 %5 Geerzast
125 163 16 6.7 14 67 Taken wy Tadrace {TRA:
DO DO % Cond.
12.7 nottom Depthim)  Temp. {C} (mg/) Saturation {(uSicm) pH (S.U.)
00 18.9 64 69.4 102 71
ilncncales operung of intake forebay (10-15.5m}) 0.5 18.4 57 625 104 70
0z 176 41 44 7 106 70
Tailr 13 for same s i ical profil 7130/
Time Tera C DO (mgn DO (% Sall Cong TR1 - Taken intawrace near pia~l
800 16.5 2.4 245 106 TR2 - Taken from 2 orain p.pe at 2ase o dam D.schasges 1o tarace
300 16.5 24 245 107 TR3 - Taken in tre lallrace approximately 400" cownsiream of TR*
1000 16.6 24 249 107 TR4- Taxer in talrace ,ust prior to talrace anc tairter gate section combiration. Nearest 1s.and.

»H was ot a parameter collected In the tairace.

310/2005

TR5— Taxer in talrace usi pnor 1o tairace ang lainter gate secl.on comtunation Midgle of siream
TRE~ Tarer ir talrace ,ust pror 1o 1airace and tainter Gate secl.o™ cornoination Near north shore

TG1 - Taken on Tainter Gate sicke of plant

tof 2

Way Dam 2004 Verticals xIsWayJuly 30 04
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29-Jul-04
Approximate ar temp 25 6C
Tine 1100
WEW winds B 12 mph 100 % overcast
Taken in Tailrace (TRE}
D.O. DO % Cond.

Depth (m) Temp. (C) {mg) Saturation (uSicm)  pH{S.U)
0.0 19.6 77 88.3 98 7.2
05 198 80 866 99 73
09 183 5.1 521 105 70

29-Jul-04

Approxumisle qir femp 23 8C

WSW winds 8-17 mph
Taken on Tanter Gate (TG1; side

Time 1100

100 % overcast

DO D.O.% Cond.

Depth (m) Temp. (C} (mgh) _ Saturation {uSicm) pH{SU)
00 20 91 1015 97 72
05 20° 89 10.3 97 73
"4 20° 89 99.3 99 7.3

V102005

Way Dam Hyvdroelectne Project
ven cal Profile Data

202

FERC Project No 1759-036 .

Way Dam 2004 Vert.cals xisWayJuly 30 04
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Way Dam Hvil'on actc Proeat
Vert.cal Profle Data

FERC Prowect No 1758-036

12-Aug-04 12-Aug-04 12-A.ui-04
Appraximale artemp 116 C Approximale air temp 15 5C Approxingle af temgp 15 5C
Secci Dopth & 5 Water depth ~40° Timer 0900 Timgo 1115 Tine 1135
NW winds 8 12 mut 10 20% cinvuds NW winds 8-12 mph 10-36% clouds NW winds 8-12 mph 102- 3055 clouds
Taker in llowage Diue sky Takermn Tadrace (TR sunity diy Takern Tanrace (| TR3) ~4G0" downstream Surily day
D.O. DO.% Cond. [aXe] DO % Cond. D.O. DO % Cond.
Depth (m) Temp. (C) (Mg} Saturation (uS/cm)  pH (S.U.} |Depth (m) Temp. (C) (Mg} Saturation {uS/cm)  pH {S.U.) |[Depth{m)  Temp (C) {mgh) Saturation (uS/icm)  pH (S U}
0.0 188 7.0 758 108 73 00 18.7 39 4.3 142 71 0.0 186 57 60.2 108 70
08 18.8 6.9 743 105 73 05 167 39 406 12 71 05 176 45 482 | 70
10 18.8 6.9 75.2 <05 7.3 1.0 87 38 407 ‘12 70 10 16.8 43 452 112 69
15 ‘88 6.9 754 105 73 15 87 39 407 12 70 12 16 4 5.1 52.7 111 7.0
20 ‘88 6.9 743 105 73 20 167 39 405 t12 70
25 18.7 6.7 728 105 7.3 2.5 16.7 39 40.5 112 7.0
a0 188 6.8 751 105 7.3 3.0 167 38 87 12 70
35 188 69 759 105 7.3 34 16.7 37 389 113 7.0
40 188 6.9 757 105 7.3
45 18.8 6.9 751 105 73
50 188 6.9 754 105 73 12-Aug-04 12-Aug-04
55 87 6.7 72.4 105 7.3 Approxirmate ar temp 15 50 Approxumale air temp 15 5C
6.0 87 6.8 133 105 7.2 Tirne 1130 Tune 1143
6.5 18.7 66 730 105 72 NW winds B-12 mph 1. 3075 clouds NW winds 8-17 mph 10309 cicuds
70 187 66 716 105 72 From drain pipe (TR2; Suncy day TR4
DO DO % Cond. 0.0 DO % Congd.
75 18.7 65 7041 105 72 Depth (m)  Temp. (C) (mg/) Saturation {uS/cm)  pH (S U.) |Depth {m)  Temp. (C) {mg) Saturaton (uS/cm)  pH(SU}
8.0 187 6.7 722 105 7.2 0.0 | 107 0.6 41 193 6.9 0.0 18.8 7.9 86 4 106 72
85 187 65 701 105 72 05 179 58 6.0 109 71
90 ‘85 58 609 105 T2 1.0 169 52 552 ‘09 70
95 7S 1.3 10.0 110 7.0
10.0 172 08 69 <09 69
10.5 170 0s 48 110 69 12-Aug-04
11.0 17.0 05 39 110 68 Approxiunate o lemp 15 5C
1.5 165 02 16 115 68 Tune 1148
120 16 3 01 14 115 68 NW virnds B 12 mph 10 30% clouds
IRS
D.O. DO %  Cond.
Depth {m)  Temp. (C) (mgh) Satyration (uS/em)  pH {S.U.)
00 18.5 7.7 85.° ‘06 72
| JIrg:cates opening of intake forebay (* 0-15.5m) 05 152 72 785 ‘o7 72
06 180 62 651 112 7
Tairace data for same tme penod as vertical profile on 8/12/04

Time Temp C DO (mgd) DO (% Sat)

800 163 34 352
900 16 4 35 a7
“000 1656 35 B3

AH wids not a parameter collected in the talrace

31072005

Cord
108
108
108

TR1 - Taken n tairace naar plant

TR2 - Taken from a dra.n pipe at base of dam Dischasges nio tairace
TR3 - Taken n te tailrace approx.mately 400° downstream o! TR*
TR4-- Taken 1 talrace ust prio: 0 lanrace ard tairter gate sect on comoi~auon Nearest .s and

TRS-- Taken i talrace just pr.or 10 lallrace a~d lainter Ga‘e sect.or combination Midd.e of stream.
TRB-- Taker i talrace just p or 10 @i’ ace axd :ainter gate secho” combinahion Near ~o~h srhare

TG1 - Taken on Ta.nter Gate side of plant

1062

Way Dan 2004 Ven.cals xisWay August 12 04
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12-Aug-04
Appronmale air lemg 15 5C
Tine 1155
NW winds 8-12 mph 10-30% chouds
TRE
D.O. D.O % Cond.

Depth (m)}  Temp. (C) (Mg} Saturation (uSicm)  pH (S.U.}

0" 18.7 83 918 106 7.3

05 ‘86 8.1 879 106 7.2

b | ‘73 6.0 69.7 109 71
Approxsnale air temp 1550

Tune. 1206
NW winizfs B-12 tnph 10- X% clouds
WSW vands 8 12 mph 100 % overcast
Taken on Yanter Gole (1G1; side
0.0. DO . % Cond.

Depth (m)}  Temo. {C) {mg/) Saturation {uS/cm)  pH {S.U)

0.0 190 89 98.2 105 73

05 190 89 98.3 108 74

149 190 89 98.7 105 74

31012005

Way Dam Hucroe ectne Prouact

Verucal Profle Data

2of 2

FERC Proect No 1759036
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Way Dam HyrjrogloCtr ¢ Prowact
Verical Profile Data

m
.0
O

0

,ect No 1759.03€

26-Aug-04 26-Aug-04 26-Aug-04

Approximate aw temp 20 C Approximale au lemyg 2110 Approximate air wemp 2110

Seccr Depth 707 Water depth ~40 Time 0830 e 1030 Time 1050

WSW 4.7 mph. humd 100% overzast WSW 1.7 mph MNP cere st WSW 4.7 mph 00, overcast

Taken i Flowage Theoat 8t e Takeen an Tadrage [TR1: hreal of rami Taken int Tadrace [ TR3; threat of ran

B.0. D.O. % Cond. D.O. D.O. % Comnd. DO D.O. % Cond.

Depth (m} Temp. {C} (mgﬂ) Saturation {uS/cm)  pH (S.U.) |Depth {m) Temp (C}) 1mgj1) Saturation (uS/cm)  pH (S.U) Dth {m} Temp. (C) {mgA) Saturation (uS/icm)  oH (S.U.)
00 186 951 110 76 0.0 190 819 118 74 178 72 769 114 7.3
05 18.4 8.6 93.2 110 76 05 18.7 ?3 793 118 74 05 178 72 78 115 72
1.0 18.3 85 91.9 11 7.6 ©.0 180 66 721 118 7.4 10 179 77 833 112 7.3
1.5 18.2 8.3 895 11 7.6 15 179 65 690 "7 73
20 18.1 8.2 884 12 76 20 177 62 660 17 73
25 18.0 8.1 87 4 112 76 25 177 6.2 669 715 73
30 179 80 B6.5 112 75 29 176 63 671 115 73
35 179 8.0 8.2 113 7%

40 179 80 858 113 75
45 179 80 854 113 75
50 17.9 79 849 113 75 26-Aug-04 26-Aug-04
55 17.8 79 a4 4 13 75 Approxamigie air termmp 21 1C Approximale an termg 21 1C
60 178 7.8 841 113 75 Time 1030 Tune 1100
65 17.8 78 841 114 75 WEWN ST mph 160% svaraast WSW 4-7 inph 100 cvercast
7.0 17.8 76 823 113 75 From drawn pipe ( TRZ) threat sf ran Takan onlanter Gate t TG 1 swie thraat of ran
D.O. DO % Cond D.O. DO % Cond.
75 17.8 7.8 837 113 75 Depm (m) Temp. (C} (mg/l) Saturation (uSfem)  pH(SU) Depm {m) Temp. (C} (mgM) Saturation (uS/cm)  pH {SU.)
8.0 178 76 816 113 75 [ 10 05 46 193 7.2 181 9.0 975 112 75
85 17.8 77 822 112 7.4 0.5 182 9.0 975 112 75
S0 17.8 77 82.7 112 75 10 181 90 97 8 12 75
95 17.7 77 821 113 74
10.0 17.7 74 79.5 113 74
105 17.6 67 7.8 113 74
1.0 17.3 46 47.7 114 7.3
115 T2 42 443 117 72 TR1 -Taken i~ ta lrace 1¢ar p ant
120 17.0 34 356 119 7.2 TR2 - Taxer: fzom a ¢-ain pipe a: base of dam. Discharges :nto tailrace
125 6.6 20 214 125 71 TR3 - Taker r the tailrace approximate y 400" downstream of TR1
TGt - Taken on Tanter Gate s.de of plant
[——]indicates open.ng of .ntake forebay (10-15.5m)
Taurace data for same ime penod as vertical profile on B/26/04
Time TempC DQ(mg DO (% Saty Cond
800 84 61 65.8 116
900 ‘a3 56 60.4 117
1000 8.2 56 60 3 117
»H was not a parameter codlected ik the talrace
310/2005 “of* Way Dam 2004 Verticals xIsWay August 26 04
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Way Dam Hydroelectric Proec!
Vertical P-g“ile Data

FERC Project No *750.0%

ii:*-d-cales opaaing of intake forepay (10-15 5my

Tavrace data for same hme period as vertical profile on 9/9/04
Timg  TempC DO (ma/) DO (% Satl Cond
800 18.2 8.4 90.8 16
900 18.2 84 804 T15
1000 18.2 83 B9 8 120

pH was not a parameter collected n the tailrace.

31012005

TG1 - Taken on Ta.nte:r Gate s.d¢ of plant.

1of 1

9-Sop-04 9-Sop-04 9-Sep4

Approxundte air temp 10 C Appraxinate auir temp 155 C Approximeate ar tetnip ‘55 C

Secci Depth 6 00 Water depth ~ 35-40° Tine 09 Tineg 1050 Tune 1200

Calm ne clouds Caltir ne: clouds Ciarm nNe ficids

Taken wy Flowage faken wn Teapirace (TR Takert o Tazace (TRE

D.O. DO % Cond. D.O. 0.0. % Cond. D.O. 0DO. % Cond.

Depth (m} Temp. (C) (mg) Saturation (uS/em) pH{S U} |Depth (m) Temp. (C) (mg/) Saturation (uS/cm}  pH (S.U.) |Depth {m) Temp. (C) (mg1) Saturation (WS/icm)  pH(S.U)
00 18.6 a2 884 119 77 00 183 85 914 120 76 0.0 18.3 84 90 2 *20 77
05 186 82 895 119 76 05 18.3 8.4 90 4 120 7.5 0.5 18.3 84 901 20 75
1.0 186 8.2 88.3 119 74 1.0 183 84 90 ¢ 120 7.4 1.0 18.3 B84 901 “20 75
1.5 185 8.4 805 119 73 15 183 8.4 898 119 74
20 185 82 879 119 73 20 183 83 896 119 74
25 185 81 875 118 72 25 183 83 893 119 7.4
30 18.5 8.1 873 118 7.2 30 18.3 83 89.4 119 7.3
35 185 80 868 118 7.2 35 183 8.3 895 119 7.3
4.0 18 4 8.0 858 118 71 40 183 83 893 119 7.3
4.5 184 8.0 857 118 71 45 183 83 889 119 7.3
50 18 4 79 854 118 71 50 183 83 89.2 119 73 9-Sep-04
55 18.4 79 85.0 118 71 55 18.3 83 89.1 119 72 Aprroxiunate ar temp 135C
6.0 18.4 79 846 118 71 60 18.3 83 89.0 119 7.2 Tune 115G
65 18.3 78 837 118 70 Caird Ny cicuids
70 18.3 77 832 118 70 9-Sep04 fakert o Tector Gate 1G1) side

DG 00. % Cong.
75 183 7.7 822 . 118 7.0 Approanite air tomg 155 C Depth (m} Temp. (C) {mg1) Saturation (LSem) pH(S.U.)
80 18.2 76 812 118 7.0 Tune 1169 00 17 4 85 89.3 135 7.9
85 182 73 785 118 70 Caltri i 2lnuds 0.5 64 8.7 90 2 147 79
90 18 2 73 785 118 70 Taken trom Pipe (TR2} 10 4.5 87 86.4 205 78
D.0. DO % Cond.

95 181 73 82 118 7.0 |Bepth(m) Temp. (C) (mg/) Saturation (uSlicm) pH (S.U))
10.0 ‘8.1 71 763 118 6.9 00 | 118 09 7.5 182 71
105 81 71 756 118 6.9
1.0 ‘8.0 68 722 118 6.9
115 ‘79 62 65.9 119 6.8
120 73 39 412 127 6.7 TR1 - Taken ir taillrace rea plant

TR2 - Taken from a d-air: pipe A base of dam Discharges rio tailrace

TR3 - Taken .r the ta.lrace approx.mately 400' downstream of TRA

Way Dam 2004 Verticals xisWay Sept 9 2004
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Way Dam Hydroelectr.c Prosect
Veruca Profile Data

FERC Prooct No. 1789-036

[:]Indacales opening of intake forebay (10-15 5m)

310s2005

23-Sep-04 23-Sep-04 23-Sep-04
Secct Depth 8 00 Water depth 36-39° Tirne 0840 Secer Depn § 07 536 26 iime 1036 Tung 1055
SSEWO0 3 mph’ 40% clouds southernl, rieese 20% clouds southernly tregse 3% clnuds
Taken ) Fowage Taken i Tadrace (IR Tahenin Tarace (TR3:
D.0. D.O. % Cond. Lo D.O. % Cond. DO. DO % Cond.

Depth (m) Temp. {C) (mgA) Saturation {uS/em) pH({S.U} Depth (rm} Temp. (C} {(mg/1) Saturation (uS/cm)  pH (S U.) |Depth (m) Tems. (C) (mgA) Saturation (uS/em)  pH (S.U)
00 183 86 922 122 80 17.9 86 914 124 77 00 180 87 929 125 77
05 18.3 86 922 122 80 0.5 17.9 84 913 124 78 0% 18.0 86 921 125 7.7
10 18.2 86 822 122 8.0 1.0 17.9 84 802 124 7.8 1.0 18.0 87 929 125 7.7
15 18.2 8.5 90.2 122 80 1.5 17.9 85 ans 124 7.8
20 18.2 85 906 122 80 20 i7.9 85 908 124 7.8
25 182 83 892 122 80 2.5 179 84 B9 3 124 78
30 182 8.3 884 122 8.0 3o 18.0 85 91.7 124 78
35 18.1 82 88.2 122 8.0 35 180 856 810 124 78
40 181 83 88.5 122 8.0 4.0 180 85 08 125 78
45 81 82 ar.2 122 79 4.5 179 a5 03 124 78
5.0 *8.0 8.0 856 123 79 5.0 17.9 85 899 124 78 23-Sep-04
55 180 78 83.8 123 79
60 8.0 77 826 123 7.8 Taner 1120
65 17.9 76 80.9 124 7.8 ssulherily bresze 30% civuds
70 17.9 75 80.0 124 7.8 23-5ep-04 Taken on Tamter Gate TG 1) side

D.O. DO. % Cond.
75 17.8 7.5 79.5 125 7.7 Depm {m) Temp {(C) (mgM} Saturation (uS/icm)  pH (S.U)
80 178 74 78.7 125 7.7 Time 1045 173 82 86.6 160 80
B85 17.8 73 77.5 124 7.7 ssutherniy breeze 30% clouds 0.5 70 82 86 4 162 8.0
90 17.7 72 76.7 124 7.7 Taken from Pipe (TR2: 10 ‘56 8.1 820 207 79
DO. DO %  Cond
95 177 7.2 76 7 124 7.7 |Depth {m) Temp. (C} (mgA) Saturation {uS/em) pH({SU))

10.0 176 7.0 743 129 77 00 | 1186 0.7 ‘97 7.3
105 175 6.5 68.9 130 76
1.0 17.3 54 56 7 134 75
1.5 173 49 519 140 7.4
11.9 172 4.2 438 141 7.3

TR1 - Taken in tailrace near plant
TR2 - Taken from a drain pipe at base of dam Discharges nio tailrace

TR3 - Taken in the 13 Irace approx mate y 400° downsiream of TR1

TG

- Tasen on Tainte Gate side of plant

Way Damr 2004 Vertica.s xlsWay Sept 23 2004
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