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September 18, 1991· 

Mr. Kenneth Markart . . 
Wisconsin Department of Natural Resources 
North Central District Headquarters 
P.O. Box 818 _ 

-- R'I1inelander, Wisconsin 54501 

Re: Work Plan for -S-upplemental Soi! and Gr~undwater investigation 
Mobil Bulk Plant No. 48-3M -
Merrill; Wisconsin 

Dear'Mr. Markart: 

On behal~ of Mobil Oil Corporation (Mobil), aitache'd for your review 
- and comment is one c;opy of the· above referenced report for Mobil B.ulk 

Plant No. 48-356 ih Merrill, Wisconsin . .The Work Plan was develop~d 
in response to concerns-raised in a ·wisconsin Department of Natural -

-_Resources (WDNR) letter dated September 7, 1990, which .. . 
recommended an assessment of contamination beyond the .site propertY 
limits, and an investigation of a sewer line trench as a potential pathway · 

Jor ·contaminaht movement.' The-sewer line trench borders the property 
to the south and was blasted into shallow granitic bedrock to a depth of 

-· approximately 15 ft. - -

, :- Wa~:zyn proposes to in~~stigate the· sewer line tr~nch as· a pot~ritial 
·-contaminant pathway by performing a _s.oil gas survey and sampling 

gromidw.ater·with a By.dropunch (o·r.equivalentYin the trench fill. Soil 
sampling indicated that petroleum contaminated soil was predominantly 

. limited to the area near the-fill pipe valves southeast :of the aboveground 
tanks. The competent bedrock s'urfaee was encountered· at depths of 1.5 
-to 8 ft in this area. I • • • _. 

,. Subsu-rface contamimirit. movement in soil above the bedrock surface 
- toward t~e southern property boundary would be intercepted by the . 
-more permeable sewer line tre.nch fill. Further movement across the 
~rench to the south is likely prevented by the granitic bedrock wall on · 
the south s_ide of.the sewer tr~nch. To evaluate the role of the s~wer 
line trenc~ as an impediment 'to migration.to the south, Warzyn also · 
proposes t<;> sample off-site soil gas and groundWater (if possible }'south 
of the sewer line trench. 

. . . 
· As described in the Work Plan, Mobil has indicated to·warzyn that 

othe:r issues :raised by the W:PNR in-the Septemqer 7, 1990 WD:NR 
. letter regarding improvem_ents to the bulk storage faCilities, soil 

remediation and evaluation of the 12-iri. PVC well are the responsibility 
ofthe presen~ facility operator. 

. . 
THE-PERFECT BAIA.'lCE 

8E1WEEN TECHNOLOGY 
. __ AND CREATI\f!1Yo' 

. - MADISON 
ONE SCIENCE COURT 
. P.O. BOX 5385 . · 

MADISON, WI 53705 · 
(608) 231-4747 . - • 

FA.X .(608) 273.-2513. -. ·'· . . . - ' ~;. 

·@ 
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. Mr. Kenne th Markart ' 
Wisconsin Department of Natural Resources 

·. · · · September 18, 1991 
Page 2 

As requested, also enclosed is a signed copy of the monitoring well 
construction form, which was inadvertently left unsigned _in the Warzyn 
Jtily 1990 Report titled "Soil Investigation, Mobil Bulk. Plant No. 48- · 
356, Iyferrill, Wisconsin." · · · · 

Mobil is prepared td schedule field activities upon yciu1: approval o.f the 
Work Plan. Your expedient review of the enClosed Work Plan is. . 
app~eciated. · ·. · · 

Sincerely, 

I~.DS/ccftDJB(fFL 
[mad~109-72J 
15151.00 

Enclosures: As Stated 

~c: . Terry·Jagiello, Mo~il"9il Corporation '(wl_encl.) 

< 
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·INTRODUCTION -

·This Work Plan was .dev~loped by Warzyn Inc. for Mobil Oil Corporation (Mobil) and 

9utlines measures. ·for further investigation of the extent of possible ~oil and 

groundwater contamination at Mobj(Bulk Plant No. 48~356 in Merrill, Wisconsin: The 

Work Plan is being submitted to address concerns raised by the Wisconsin Department. 

· of Natural Resources (WDNR) pert(\ining to the site. The ·work Plan has been 

organized under the following headings: 

Site background information; 

. Geol_ogic and hydrogeologic ~etting; 

Sampling plan; and 

Site management plan 

SITE BACKGROUND INFORMATION 

Mobil Bulk Plant No. 48-356 is located on South Park Street, one bloc):< south of U.S. 
. . 

Highway Business 51 in Merrill, Wisconsin (Drawing 15151~Al). The site.is' located in 

. an industrial area and ~s bprdered by Wisconsin Central Limited railroad track to the· 

· · nort4; vacant property to the east; a gravel drive and lumber storage shed to the south; 

and an abandoned Standard Oil Bulk Plant to the west. Surface topography slopes to 

the south, towa.rds the Wisconsin River, which is located approximately 100 yards from 

the site. 

Above ground storage tanks are used at the site to store fuel oil and gasoline. 

Backgroul).d information provided to Warzyn indicated that approximately 400-gal of 

. fuef oil spilled from one of the .tanks in June 1985. The tan~ was removed and 

affected soils were. excavated on June 28; 1985: . A Twi.n Cit)r 'Testing Corporation 
. . 

. (TCT) report indicated that the final excavation was 10 ft deep and that the floor of 

th~ excavation consisted of igneous rock. A well constructed ~ith 12-in. dia~~ter PVC 

pipe with vertical ~aw cut perforations WqS placed in the excavation prior to backfilling 

with sand. TCT reportecd that on July 2, 1985, wa.ter in the well was at ·a depth 5.i ft 

belo":' ground surface and that a trace of product was noted _in a sample collected from 

' 
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the well . . on August 9, 1985, water in the well was reported to be at a depth 7.3 ft 

below ground surface but no product-was noted in the sample collected. 

Mobil subsequently retained Target Environmental Services (Target) which performed . . ' 

a soil gas sur-Vey on August 8, 1989. The Executive Summary from the Target report 

an <;I the drawings which summarize the soil gas survey result~ are included in Appendix 

A. Target concluded: 

Total volatil~s were highest along the northern and southern survey 
boundaries, with more moderate concentrations south and ·east of the above 
ground t'anks. Occurren~e.s that were wholly within the survey boundaries were 
·relatively minor compal'ed to occurrences affecting the perimeter of the 

' property. 
. . 

Chromatograms revealed a variety of signatures that were not clearly indicative . 
of any particular product except f01: one sample near the. northeast corner of 
the site which appeared to be gasoline. 

Map patterns, concentration gradients, and chromatographic data indicate tl,J.at 
petroleum hydrocarbons entered the subsurface at the tank field, although the 
most significant contaminant concentrations delineated by the survey were 
along the northern and southern property boundaries and may have originated 

· offsite. 

On -·March .5· and 6, 1990, an inith\1 investigation was conducted by Warzyn to . 

evaluate possible pe.troleum contamination of soil and groundwater at the Bulk 

Plant. Tlte irtitial ·Work Plan proposed _to inst_all both monitoring wells and soil 

·borings. However, due to the shallow igneous bedrock conditions encountered at 

the time of drilling, only spil borings could be conducted. 

· Thirteen soil borings were drilled a~d soil samples were collected for lapora.tory 

analysi~ of total petroleum hydrocarbons (TPH); benzene, ethylbenzene, toluene and 

xylenes (BETX); and polynuclear aromatic hydrocarbons (P AH). 

'_ Analytical · results jndicated soil with significant concentrations of petroleum 
I . . 

hydrocarbons were generally limited to the area south of the abov_e_ ground tanks 

and ben~ath the pipe · fill valves. . Warzyn.'s field observations and previous . . ~ . 

investigation: reports indicated that a thin layer of groundwater occurs intermittently 
· ' 

\ 
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' . 
above shallow g~anitic bedrock. When present,_ it is possible that this groundwater 

drains to a backfilled sewer trench which has been blasted into bedrock along the 

southern edge of the site (refer to Geologic-and Hydrogeologic Setting Section for 

discussion). ., 

After revi~wing Warzyn's Soil Investigation Report, Mr. Kenneth Markait (WDNR-
. , .. . I - . 

North ·central District hydro geologist) develop-ed . a series of r~comm~ndations 

presented in a September 7, 1990 lett~r to Mr. Craig LaBelle of Mobil. 

_Mobil has indicated to Warzyn that several of Mr. Markart's recommendations are 

the responsibility of the pr~sent facility operator (Radlinger Oil Company), (!nd 

should be dir.ected as such. These 'recommendations include: 

Updating the bulk storage facility to prevent future fuel component releases to 
the environment. 

R~mediating contaminated soil to the current cleanup guidance level of 5 ppm 
TPH or less for fuel component contamination. 

Evaluating the 12-in. PVC pipe (formerly used for .monitoring) at the site as a 
potential pathway for surface water contamination to the groundwater. 

This Work Pla·n for supplemental investigation was developed to address the remainder 
. ~· . . . ' 

of the concerns raised by the . WDNR. Specifi~ally,_ this Work Plan !s designed to 

investigate the poten-tial pa.thways for offsite gr~undwater contamination. 

At this time, there is no evidence that impacted groundwater from the site has been 
. . . 

discharged to the Wisconsin River (approximately 100 yards to the south). Th~ 
' 'J • I ' • ._ 

instaJlation of- offsite, b.edrock monitoring wells to investigate_ this concern would be 

impractical for the following reasons: 

· The occurrence of shallo~· groundwater i~ site borings has bee~ inconsistent. 
There is littl~ evidence to ~uggest that drilling into the upper portion of the 
gra~itic-bedrock w~uld intercept the groundwater table. 

Because of the nature of granitic aquifers, it is likely that a high proportion of 
the borings would exist within monolithic bedrock structures and. would .yield 

· no water.. · 
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Even if bedrock monitoring wells intercepted fractures and indicated· 
contamination, the source ·of contamination would likely be. a·mbiguous due ~o 
the m_any industrial facilities in the area and the complexity of flow i~ fractured 
media. · 

. Available info'rmation on the topograJ?hY of the bedrock surface suggests that 
. any water existing above the bedrock 1s likely intercepted by the sewer trench 

blasted into· rock south of the site. · 

GEOLOGIC AND HYDROGEOLOGIC SE'ITING 

-The Mobil Bulk Plant site is located in an area of moderate relief, where glac~al drift 
. . ' . 

~verlies Precambrian crystalline bedrock.. The bed!ock is a southern extensiqn of the_ 

Precambrian . ~anadiai1 Shield and consists· of igneous and _qJ.etamo!phic rock. The 

_ .. thickness of the glacial drift ranges from zero to over 100 feet 1n t11~ rvt;errill area. The 

drift consists of outwash and ice-contact sand and gravel deposits as well. as ground 

moraine till. Warzyn field observations indica_te drift soils do not extend beyond_ 6 ·ft in 

depth in most areas of the site. 

Groundwater supplies all ~ommuni~ies and most rural _domestic needs in the region. 

Nearly all wells draw water from the glacial drift. The bedrock-yields very little water, 

althat~gh it is tapped locally for small domestic supplies where ·glacial drift is thin. 
. . I . 

-Accordipg to the _ U.S. Department of the Interior United States Geological 'Survey 
• I • 

publication, Water _Resources or Wisconsin Upper Wisconsin River Basin (1975), 

_ groundwater flow within the gla<;:iaLdrift soil in the vicinity of the site is likely towards 

the south. 

A blasted-sewer iine trench extends aJo~g the southern-boundary of the site (Dr~wing 
15151-B3). In discussions with the City of -- Merrill ·Engineering and .Water · 

Departments, it was· lear"n_ed _ that the se~er trench ~xtended to . a depth of 

approximately 14 or 15ft. Competent bedrock is_present at the base ·of the trench and 

the. trench is backfilled with sa.nd and gravel. Due to the l?wer elevation of the _trt?nch 

and the difference in permeability -between the trench backfill and surrounding 

. bedrock, groundwater flowing south from the site may be intercepted by: the sewer 
. . . 

trench . 

.. 
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The City ?f Merrill Water Department repaired the sewer ·pipe in the vicinity of the 

site during l\1ar~h 1990. City emplo.yees· who entered ,the excavation did · not detect 

petroleum product odors withiri the sewer trench. 

INVESTIGATION PLAN 

. . 
·The principal objectives of the investigation are to evaluate the ho.rizorital and ver.t.ical 

extent of soil . contamination within the sewer line trench as well as to determine if 

water within the trench has been affected by petroleum products. Mobil will contract 

with Target to ·perform the tasks associa:ted with the Work Plan. 

'(askl: Soil Gas Survey 

Soil gas samples will be collected by Target at a total of 17 locations as indicated in· 

Drawing 15151-B3. Samples will be collected at each location at' depths of 

approximately 4ft and 8 ft below ground surface. · If shailow~· competent .. bedrock south , . . 

of the sewer trench .prohibits penetration of the drive rod to sufficient depth, the 
. . , . . . 

deeper soil ~as sample will not be collected . . When necessary, an electiic hammer drill 

will first be _used to penetrate any asphalt present. A drive rod will then be used to · 
\ . . 

cr,eate a 1/2-in. hole necessary for sampli~g . . 

The. sampling system will be· purged according to standard Target field protocol and a 

sample will be .collected using a stainless steel probe inserted to the full depth of the 
. . 

hole. Samples will be ~ollected in a pre-~vacuated glass. vials and stored for la.bonitory 

analysis. Quality Assura.nce/Quality Control (QNQC) · samples will be collected 

according to standard Target protocol. 

Prior to conducting the day's field activities, ?Il sampling equipment will be 

decontaminated by washing with soapy ·distilled water and rinsing with distilled water. 

Inte·rnal surfaces will b~ flushed dry with pre-purified nitrogen and external surfaces 

wiped clean with paper towels. 
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All ajr samples· collected will be an~lyzed ac;cording to EPA Method 602 on .a gas . 

chromatograph equipped with a flame· ionization detector (GC/FID), but by using the 

direct il)jection method instead of purge and trap. Samples will be analyzed for the 
. . 

following petroleum volat~le organic compounds (PVOCs): 

methyl tert-9utyl ether (MTBE); 
benzene; . 

· • toluene; 
ethyl benzene; . 

· ortho~, meta-, and para-xylene; 
1,~,4-trimethylbenzene; and 
1,3,5-trimethylbenzene. 

Task 2: Sampling of Water within the Trench 
. . ' 

Water sm:~ples from wHhin the sewer line trench will be coll~cted by ·Target at a total 

of 5 locations as indicated in Drawing 15151-B3. If the water table exists jn ' 

unconsolidated deposits above the bedrock surface south of the trench, 3 additional 

·groundwater samples will be collected south of the trench at the locations indicated on 
. . . . 

Drawing 15151-B3. Groundwater samples will be an~Iyzed for volatile organic 

compounds (VOCs) using EPA Method 8021. The VOCs analyzed.will in.clude those 

listed in the WDNR Analytica~ Guidance for leaking underground storage tanks · 
. . . . ' 

(WONR, PUBL-SW-130, Jurie 1991). Two samples will be collected near the· fill pipe 

valves because. previous investigations suggest tqis location poses the highest potential 

for contamination. 

Water samples will be collected by use of a HydroPunch groundwater sampling device 

(or equivalent) as described in the techi1ical and product information contained in 

Append~ B. The City of Merrill Engineering Department will be requested to be 

onsite to observe the collection of samples near the . sewer p'ipe. During Warzyn's 

initial site investigation, one soil boring (B5) was accidentally placed within the sewer 

trench. Depth to water in the boring was estim.ated at 12.ft. As previously discussed, 

the depth of the. sewer ii~e is approximately 14 to 15 ft. below g.r:6und surface allowing 

appro:Xi!J?.ately 2 ft of saturc,tted thickness for sampling. If the HydroPunch cannot · 

penetrate to a sufficient depth, ~ater sample~ will not be colle~ted. · 
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Betwee~ each sa!llpling locati<)n, the HydroPunch sa.mpling devke will be 

decontaminated .by washing with soapy distilled water and rinsing w~th distilled w~ter . 

. Each sample hole will be backfilled with bentonite and the surface patched after 

completion (if necessary). 

SITE MANAGEMENT PLAN 

Site Health and Safety 

All sampling activities at the site will be conducted in accordance with a. Site Health . 

·and Safety. Plan developed by Target. The plan will be designed specifically for field 

work at the site with" the potential for petroleum product "contamin'ation. 

Waste Management Plan 

If is. not al}ticipated · that soil or groundwater wastes will be generated during the 

proposed site investigation activiti~s. If nece~sary, a 55-gal drum will be availabie to 

s.tore investigation derived wastes for appropr~at~ disposal. . Any investigation derived 

waste w_ill be disposed of i~ accordance with applicable regulations. 

NMC/ccf/KDS(IFL 
[vlr~601-36aa] 
15151.00-MD 



·~· 

.I \ ' 

NOTES ~ 
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EXECUTIVE SUMMARY 

On August 8, 1989, 'l'ARGE~ Envl,ronmental Service~, -· r"nc. 

(TARGET) conducteq a soil gas survey at the Mobil Bulk Plant on 

South Park Street, ·Merrill, Wisconsin. Analysi~ of the· samples by 
I • . . . ' • ' 

GC/ FID revealed the presence o f hy!ir_o~arbons in the_ subsurfa~e. ·. · 

Total Vol~til·es were highest along the northern and southern 

survey boundaries, wit_h more moderate concentrations south an~ east 

of the tanks. Chromatograms revealed a variety of .signatures that 

are n~t clearly indicative of a~y ·particular product, exc~pt for 

·one sa_mple near the nc:>rtheastern corner <;>f 1:-he site, which appears 

.to be gasolfne. 

Map patterns, concentration gradients and ~hromatographic data 

s.uggest that· petroleum hydrocarbons entered the _subsur-face at the 
• I • . • I 

tank fie~d, but the majo~ occurrences delineated by this survey are 

along the northern and s·outherrt . property boundaries and . ,may have. . . . 

originated . off~site. The occurrences that are w~olely within the 

survey boundar~es are all relatively minor compared to the occur-
• 

rences ·affecting the perimeter ot the prqpe~y. 

·. 

' 1 
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.· The HydroPunchTh1 is a· stainless steel and Teflon· sampl,ing tool. The . . 
-HydroPunch provides a tapid, cost effective means to collect che_mically ' . 
representative gro'und water samples witl)out the inst~llat1on; developine~t, 
and sampling of a ground wat_er monitoring well.-The resulting data can be 

· used-to heip determine the vertical and hprizont;;~l ex~ent of contamination 
and to accurately quantify the concentration of pollutants in the ground 

. water. Ground water samples collectetl.!Jy the Hydr-oPunch <;an be used to 
eliminate unnecessary ground water f00nitoring wells and to minimiz~ the 
number of wells that are ultimately required for permanent ground water 
monitoring -purposes. Savings ·of up to ·seventy percent (70%) of the cpst_of 
conventional well sampling have been reported. . ' - . . 

' - . ... 

Cost Comparison 

Act_ivity · 

1obilizalion 
.Jfilling·&: Well 
Installation· 
Well Development 
Field ·supe~ision · 
~ampling 

•· Total Cost 
TotaJ-ll me 

Conventional 
Well Inst.lllation 

s 100 

3,200 
·soo 

1,000 
600 

55,500 

3 daY.S 

· Number of Groundwater Wells - S 

HydroPunch :-'lith 
Penetrometer Rig 

s lOQ 

800 

400 
425, 

51,725 
1 day 

Hvdropunch 
with Drill Rig. 

5100 

1,100 . 

' 600 
415 ----

S2,325 
1.2 days 

Depth to Groundwater - 25 feet 

,;!,·, 1 GENERAL TECHNICAL INFORMATION 
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The HydroPunch ground water sampling tool ·can be used in two modes, 
utilizing either mne penetrometer equipment or conventional drilling 
equipment to pu~h or drive the tool to the desired sampling depth. The 
sampler:. is constructed entirely-of stain less steel and Teflon, _is easily 
cleaned !n theHeld, and will collect · approximately 500 ml of-sample. The 
HydroPunch has a stainle$5 steel drive po{nt, a perforated section of_ 
st"ainless steel pipe for sampie intake~ a stainless steel an_d Teflon saTI)ple 
chamber, and an adapter to attach the unit to either penetrometer push 
rods. or standard soil sampling drill rods. 

As the unit is pushed or driven through the soil, the sampl"e intake pipe . 
is shi_elded ih watertight housing ~hat · prevents contaminated soil' or ground 
water from entering the unit. The shape of the sampler and its smooth 

· exterior sut.£ace preyent the downward transport of. t}:te surrounding soil 
· - ~nd liquid as the tool is advanced. When th~ desired sampling depth is 

reached, the sampler is retracted approximately 1.5 feet; the perforated 
intake pipe is exposed to the ·water-bearing zone, permitting ground water 
. to flow through the screen and ~nto the sample chamber. During sampling, 
no foreign ma terials (i.e., gravel pack, drilling fluid or cutti11gs) are . 
introduced into t~e zone being sampled, minimizing the containin_ants, 

· . :.~ ....... , __ .-.: : ..... ,,.,_·--- : - - ~ -..- -- --·- ... .: ....... _ .. . . . , ·.· ·~ ' . 
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PLEASE NOTE: 
HydroPunci·l samples and ground· 
wa_te~ samples collected from 
monitoring weils installed in ~arne 
borehole. Site referen.ced is a landfill 
located inN. California. Some vari· 
abies exist berween sa moles: ll Sam· 
p;es were not collect~d from fhe 
HycroPunch and well concurrently. 
consequently c.hemical coni:iitio"s 
m3y have changed between sample,: 
2l i:JydroPunch and weil sar;~ples 

·re not collected from exac:lv !he 
· 1e. in tervals. "Screened inte~als 

were 1().30 feet. while HydroPunch 
collects 2 sample from approximately 
a two-foot intervaL 

. As the sample is collected, the drive cone and the sample chamber are 
flush against the borehole. wall"s, serving as packer:; which isolate the inrake 

· screen froirt ground water above and below the zone being sampled. The 
sample .is collected upder irr-si.tu hyc;irostatic pressure with ·no agitation. 

· Once th~· sample chamber is filled, the HydroPunch is pulled towards ' the 
surface. This increases the hvdrostatic pressure in the unit, which closes the 
two Teflon check valves ana' retains the sample-within the sam pie chamber. 
LJpon. retrieval, the .cone is removed <!n_d a simple stainless· steel and Teflon. 
sample 'discharge device is inserted for ·transferring the groundwater sample 
to a sample container. 

Unlike geophysicalmof\itor!ng techn.iques or soil gas sampling, ·which are 
s6meti~es used to screen for ground water contaminati~n plumes, the 
HydroPunch provides a ground water sample consistent with sampling 
requirements for .all priority pollutan~s. The sample provided·by the 

· HydroPunch is not subject to extraneous influences (i.e .-, changes in soil. 
ty--pe, vac;iose zone contamination, etc) which .can affect th~ remote sensing 
techniques. and often complicate th~ data interpretation. In adqition, the 
poten.tiometric surface of the aquifer bei.ng sampled can be d~termined 
from the stabilized water level inside. the rods used to drive or push the 

'HydroPurich. - · 

Comparison o{HydroPunc:P. an~ Monitoring Well Wa~er Samples , ."). 

Wdl Nu!"bcr 

Souru ol S•mplc 

A·1 

HydroPune-'> Well 

Ocpth ol S:lmple (~t) 35 . 40 

Volatile Piiority Poll~t.anrs (Conc..ntntion ~g/1} 

Bcmc.ne 

chtoroinnu.ne 

Dibro<n<>ehloromrilu.nc 

Chlorororm 

1,1-Dicloro_<!h>.ll< 

·1,2-Dichlonxthnc 

·1,1- Dichlonxthene 

1,2:...DichloropropU1< 

Ethylbcnzcne 

M<thylcne Chloride 

Tetnchloro<thon• 

Tol~cnc 

1,1.1-Trich~oroethan• 

0.3 

NO 
NO 

0.1 

0.1 

NO 

NO 
NO 

0.2 

NO 
'o.6 

1.2 

NO 

l,l.l,·Trichloro<.thane 0.1 

Trichlor<><th•n• 0.2 

VInyl Chloride NO 

• •r.nc-1.2·Dichloro<th~n< NO 
)latilc Non-Priority Pollutants 

m,p-Xylenc:s 0.7 

o-Xylen< 

w·l.l·Dichloro<th•n• 
0.1 

2.4 

0.1 

NO 

NO 

0.1 

0.1 

NO 

ND 
ND 
ND 
NO · 

0.7 

ND 
ND 

0.1 

0.3 

NO 

ND 

0.1 

NO 

2.6 

1 

A·2 ' : . ·'· A.,J A-4 · . .. . · ; ~ · A·S A-6 

HydroPunCh Well HydroPunch Well HydroPunch· Well" HydroPonch Well HydroPunch Wcll 

121 101·131 125·127·· 105-135 51.5-8J.S" SS'l!S"' 140 134-H4 n:_<-t:!> 1~2-132 

u 
NO 

4.5 
ND 

30 
2.5 

2..5 

2:5 
"ND 

NO 

23 

NO 

NO 

ND 
16 

NO 

NO 

NO 

NO 

48• 

.... 
. ·.· . 

20 .. · s u 
1\'D .. ;::NO ;. ND 

NO .;." ND ·· : ND .-. - .--.-.. 
NO .. . : ·\:~~ . ;, ·. :··: NO 
. 45 : ... 22' . (2 

z:s ·:: ~:· :·NO ::)m 
2.5"" · .ND ." ND 
z:s. · · .. ··,_·:.·ND ' · ... : 2..5 

NO ; NO . · NO . .. . 
NO .NO · · t·.'D 
48 

NO 

NO 
. NO· 

3() 

32 . 

2.5 

2.5"" 

2.5 

7S 

· . . .. 28 
·•· .• NO 

NO 

NO 

ND 
NO 

ND 

NI? 
ND 
38 

4l 

NO 
· NO 

NO 

25 

NO 
s 

2..5 

NO 
65 

0.1· 

NO 

·. NO 
.. ~ ·.~·· 

. NO · 
·o:i 
NO 

. NO - NO NO 

0.1 

NO." 
ND 

0:.3 . ·;·· : .: 0:2. ·, · .;-ND 

0.2 . ·· ·:! ~0.8 .·No 
NO 

NO 
ND ". . . :!: NO .,NO .. . 

'" 0.3 
NO 

NO 

NO 

ND 
NO 
NO . 

0.1 . 

:. NO 
·.:: NO 

"ND 
0.6 . 1.5 . .. · 
J\'D . . - NO 

0.2. "NO 

ND · NO 
0.1.· . 0.3 

ND NO 

ND NO 

0.1 

· NO 

NO 

NO 

NO 

NO 

ND 
ND ._ . · 

. 0".1 

N6 
·.·2..3 

NO 

ND 

·:· 0.1 

NO 

• . 3 . 
NO 

NO 
NO ,,. NO 

·0.2 . 0.2. 

NO NO 

NO NO 

0.3" 

0.1 

0.3 

0.1 

NO 
. 0.3 

1.2 

0.3 

ND 

NO 
4.7 

0 .5 

NO 

ND 
0.1 

15 

5.5 

ND 

NO 

NO 

2.8 

ND 
0 .2 

0.3 

ND 
4.2 

0.3 

ND 
ND. 
1 

8.4 

0.5 

0.1 
1 

NO 

10 

12 

ND 

NO 

NO · 

5.3 

NO 

0.2 

NO 

NO 

2.3 
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GEOLOGIC GUIDELINES FOR 
USING THE HYDROPUNCH 
General Application · I 

The· Hydro~un.ch_ is .a ruggedly constructed sampling tool desigr:ed to be 
pushedor driven into position. Although the HydroPunch is designed for 
durability; some basic guidelines should be followed -to ma~imize · the usage 
life of this tool. . .. · _ · · 

As· a ge11eral ru.fe, the HydroPunch can bi driven into position in 
formations where a standard 2 inch spiit barrel (spoon) soil sampl?r can b~. 
driven. :Suitable geologic mi;terials would include unconsolidated cla-ys, 
silts, sands and firie gravels. It is often heloful to. drive a split barrel 
S9,mpler im'inediatdy above the zo'ne whe;e the HydroPunch sample is to 
pe collected: This permits a·n estimate. of the permea:bility of the formation 
to be· ma~e from the textural characteristics-of this soil sample and also 
provic;ies' an e?timate of the resistance to driving the HydroP.unch. 

Blow_count-? of over thirty (30) blo-rps' per six inches with ~he 2 inch split 
bari-elsampler mdy indic_ate that damage might occur while driving the 
Hya'ro1~uncJ1 .. This would be more-likely to occur if very nard materials 
(i.e., cobbles, · rock layers, etc) were mixed in with a matrix of softer 

·material than if the· HydroPunch is being advanced through a uniformly-
dense material. In dense formations it is better to drive the HydroPunch 
usil!g frequent blows- with a standard 140 pound hq.mmer t_han to increase 
the hammer-weight. This is because the lerigth of the .toot (5'.38 fL) will' be 
left ·unsup'ported 9,nd the heavier h'amm'er may induce more lateral stress on 
the unit;- resulting in bending of-the bo.dy. The deeper the body of the 
Hydro Punch 'is in the soil,· the less likely bending is t~ ocair. This ·same · 
principle is tfl,le for pushin'g the· HydroPunch'. As a general rule it is no t a 
good idea to push the HydroPunch from the surface into the soil with the 
entire barrei unS\lpported. If thrus ~ moves out_ of the vertical plane or an 
obstru_ction is encountered, the unit may be damaged by-bendir:lg. 

Hydrologic Considerations 

· Animportant feature of the HydroPunch is that it is designed to fill 
. using the aquifer's hyd~ostatic pressure.,.Consequently ~he HydroPunch will 
o_nly fill as fast as the formati on will yield water. The discrete sampling 
intake of the Hydro Punch (the-area between the drive cone and the body· 
when ' the tool is in' the open position). must be_ in' hydraulic contact with a 
water bearing-zone for a· sample to be collectea. __ 

.The loci tion .of the sample' cha:mber'ahc)ve' the intake' re ~q--l.1ires that the ' 
e.·--·-;:...,,.- ... ~f.:;·~, ... ·:,.. ., .... ~---~ ....... - ......... ~---- . . "l. ..,. •• • • . .... ': -., • ... 1 • . , . • ~ • •• ~ ..... .. ..., ___ \. ..... - . ... ~....... . . . • \.:·- """ ........ : .. ; ,._ ....... ..... ... ... , • • 

-HydroPuiich be'·pushed a:minhnurri"of five"(.5) feet below the s'tatic·wate·r 
: i~~Y~~If.§ii:~~~pJe_;tq. b~ ·colle.cfel. At.tem.pts':'t~:Th.~~is~ :~amp~_e-~ :~.it~~-Iess th~ 
fi~e feet :~f penetrati~~ ·into the aquifer 'will likely' re~ult iri very slciw fill ' 
times,_ :ii:l'~-c~quate''~ample. volume or _i!_l1proper' function of check valves, 
dLie .to extremely low hydro'sta tic pressure. . . · . . 

,• 

. ' 

QE. D Environmental 
. Systems, 1~. 

P.O. Box 3726, Ann Arbor, Ml 48106 
800/624--2026 
ir. Michi~~r.. 'J! J/995·: 5-f / 
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The Hydropunch:M: All In. SitQ Sampling Tool 
for Collecting GroUnd Water · 

from, U ncortsolldated·. Sediments 
·. 

by Russel W Edge and Kent Cordry 
' . 

·Abstract 
' . Th~ ,B:ydropunch "'is a stainless steel and-Teflon® sampling tool that is capable of collecting a representatin~ grourj'd 
water sample without requiring the install~tiO)l of a ground wa~er monitoring well. To c6I~e.ct a sample, the Hydro punch 
(Patent #4669554) is connected toll; small-dia~etei- drive pipe and either driven or pushed hydraulically to the desired 
sampling depth. As the tool is adv~nc1!d; it remains in the closed position, wttich pr~ve~ts s~il or water from emt_ring the . .. 
Hydro punch. Qnce the <;!~sired sampling depth is obtained, the tool is opened-to the aquifer by pulling up the drive: pipe 
approximately 1.5 feet (0.4'6m). In the open p9sition, ground water can flow freely into. the sample ch<J.mber of the-tooL 
When the sample chamber is fufl, the Hydtopunch.is pulled to the surface: As the t~ol is retracted, check valves close and 
.trap t-he ground :water in the sample chamber. At the surface the sampJe is transferred from the Hydropunch. t~ an· 
·appropriate sample container. The tool is a fast, inexpe'nsive alternative for collecting ground water sam pies from a . 
discrete interval. It is excellent for vef1ical profiling or defin!_ng the areal extent of a contaminant plume . 

.. 
Introduction 
. Increased public awareness and concern_ over toxic 
chemicals in our ground water resources ha.S resulted in 
dra~atic increase in the numb~r of ground water investi
gations being conducted in . the United States. The cor
nerstone of these investigations is the ground water morii
torin~ well. Monitoring wells are used to determine if 
ground water contamination exists at a selected location, 
~-d quantify 'the concentration· of contaCJ!in(!.nts in . the 
ground water, and to. define the ver.tical and horizontal 

. extent of contamination. D,uring . the ·past decade, 
improved analytical techniques and a better underStanding 
of grou~d water monitoring requirements have made the 
installation, development; and sampling of ground water 
inonit.oring wel!s · increasingly more sophisticated. 
Increased sophistication 'has resulted in a correspondi.ng 
increase_in the cost and time required to complete the 
tyPicaJ ground water monitoring well. It has been esti
mated that the 'average cost of drilling f!.nd in~talling a 
single· ground wat~r monitoring well_ has . increased 
approximately $2000 to more than $6000. in the last 
10 years. This figure does not i11clude well development . 
and sampling costs. At sites where ground '~ater and soil 

are classified as hai:ardous and must be containerized and 
transported to suitabJe.locations for disposql., costs fO'r ' 
well installation, qevelopment, and sampling will be sutr 
stantially highe'r. The~e increased costs' are due i.n part to . 
the volume of material to be disposed of, increased health · 
and safety requiremen'ts, detailed sampling prowcol, and 
rriore stringent QA/ QC. 

In addition to increased cost, the time- ber;:?>·een the. 
installation of a ground water monitoring well and the 
time when a ground wa~er sample is actually collected 
can become quite lengthy. For small investigations (using 
five or fewer relatively shallow wells drille9 With hollow
stem augers, as an example) i~ is typically a manrrof days 

. or weeks between _the time drilling is initiated 10 when 
·ground wate~ samples are collected. It has . been the 
auth'ors' experienCe on -~edium- and Jarge-sca1e investi-

. gations (six or more · monitoring wells) that' "'eeks or 
months pass ~e~ween the initiation of drilling and ground 
water sampling. This is primarily a result of sci:Jeduling 
the drilling, development, and sampling crews in rhe most 
efficient manner. Ideally, all monitoring we~ are ::nsl$lled, 
then developed and finally sampled. For a project involv
ing numerous ground water monitoring wells ir ~uires a' 
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considerable period of time to recei.ve me.aningful geo-
chem!c:ll :illd hyd:-o;;eclogic data. · 

· The exploratory nature of hydrogeologic investiga
tions often results in man"y well~ which for onerea'!on or 
another arc; only s·ampled· once. Often the W<,:lls are (ound . 
to b e misplaced either horizontally-or vertjcally in rela
tionship to the contaminant plume. At s.ites with a complex . 
hydrogeologic erivi~onment, and where Jittlfhyd~ogeo
logi.c data are available, sometimes as many as half of the .. 
initial monit0ri.ng' wells ·installed. can be improperly 
focated. Another probkm associated with 'misplaced 

· monitorix)g wells is · that once the well is installed, the 
. temptation exists· to continue to sample the well regardles.s 

9( the usefulness of the. data. · 
ou·e to _the cost and time associated with ground 

water moni~oring wells,.·many investigators have used 
· secondary.detection techniques (i.e.; geophyslca) methods 
. and soil-gas sampling) in an attempt' to define the hoti
. zo_ntal exte~t of con~aminantj)lumes. Afsi tes where the 
hydrogeologic and contaminant conditions are suitable, 
secondary detection methods have proved to be quite 
valuable. Unfortunately, at. many sites Where conditions 
are less thai:l ideal, the results we'x:e found to be confusing . 
. Occasionally, little or no cor:rclation can be made between 
the concentrations derived from· indirect detection 
~ethods ind cont.aminant conce.ntratio~s found in inon
i~oring wells that were subsequently installed . 

In December 1984, a concep tual ·mode!'was developed 
for a tool that would enable investigators· to quickly 
collect ~ gi-ound water sample ·withopt requ~ng the 
instailation, development or sampling of a ground water 
monitoring well. The goal was to devise a fast, inexpensive 
me_thod to collect a single ground water sample suitable 
for priority.pollutant analysis. If successful, the tool would 
reduce' the number of monitoring wells needed to complete 
a ground water investigation and would provide more 
accurate, quf!nti(iable ground water contax:ninlwt con
centrations than existing secondary detection methods. 
The first prototype of such a sampler, later c~lled the 
I-;ydropunch, was completed in March 1985. . 

· Overview of the Hydropunch Components 
and Their Functions . ' . 

The· H ydropunch ground water sampling tool was 
designed to be used in tw9 modes, utilizing either cone 

.. penetrometer equipment or conventim:tal9rilling eqUip- . 
ment, to push or drive the tool to th~ desired sampling 
depth. The sampler is constructed entirely of.stainkss. 
steel and Teflon,. is e~~leaned in the field, .and will 
c91lect approxirriatel~.of ~ample. The Hydropunch 
bas a strunless stf~el drive point, a perforated section of 
stai'nless 'steel _pipe for sample intake, ·a staiiiless steel 
sample chamber, and an adapter to attach the unit to 
ei!her_'penetrometer push rod.s or standard soil sampiing 
rods (Figure 1) . ... _. . · · . . ' .: · . · .· · _ · · · · 

. As the unit i~ pushed .or driven through the sol!, the 
sample intake tub~ is retained. in the sarnple.chamber (in a 

' . water:tight housing}, which preve'nt5 contaminated soil or 
ground water _from .entering the unit. The shape of the 

.J ·"'- - - -- - •L _ ,. ,,.,..._.:,... .. ~,~,..,.. .. ..._r~'IPntt' th.o 

DRILUNG OR PINETROMETER ROD 

U?P!::R CHECK VALVE 

II, ... ,'~ SAMPLE D.ISCHARGE P9RT 

' ADAPTOR TO, DRILLIN_q OR 
PENETROMETER ~ODS 

SAMPLE CHAMBER. 

.L .:.~-++-LOWER CHECK VALVE· ' 

SLIDE" ASS.EMBL Y 

SAMPLE INTAKE TUBE 

0 RING 

DRIVE CONE 

Figure 1. Hydropunch schematic. · 

downward transport of the surrounding soil and li'quid a$ 
th.e tool is advanced . When the desired ·sampling depth is 

·re~ched, thesampl~chamberis withdrawn approximately 
· 1.5 feet (0.46m). The drive cone; which is attached to the 
intcik~ tube, is:reld in place. by soil friction. As the sample 

. chamber ·is r~tracted, the drive Gone pulls the pe~orated 
in~ake tube from inside the sample chamber and· exposes 
it to the water-bearing zone (Figure 2). Once exposed, 
ground water flows through the i,ntake tube, and into th~ 
sample chamber. Uhlike mbnitorihg wells, · no foreign· 
materials (i.e.,_gravel pack, drilling fluid or cuttings) are 
int~oduced into the zone being s~pleef, minimizing the 
possibility of sample qualitY. being influenced by 
extraneo-us .contaminants. As the sample is' collected, the 
drive CODe and th~ sample chamber are flush against the 
borehole wails,, sealing the int~ke tube fr~m grourid water 
above and below the zone being sampled .. This pemlits 
ground water ·samples tb be coflected from a discrete 

· verticai interval. The sample is collected under in situ 
. hydrostatic pressure with no aeration and minimal agita

. ·tion. Once the sa.mple chamber is filled, tbe Hydropunch 
is retrieved. Similar to a bailer, the upward movement' of 

' the s~mpler increases the hydro~taii<; pressure in the u'riit, 
. whi~h. closes the two check valves and retains the sample 
within the samnle chamber. Uu'o·n retrieval. the push rods 
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Figure 2 . . Once exposed, ground water flows through the intake 
tube and into the sa~ple chamber. · 

are disconnected from the Hydropunch and· the upper 
bail check valve is removed. The drive cone is removed, 
and a sample discharge tube is inserted in the lower end of 
the uni_t. The sample can then be· transferred to a sample 
container througl} a Teflon _s-topcock and tubing. 

. ' . 

Hydropunch Operations 
Where the geologic 'condiqo.ns are suitable for cone 

penetrometer soundings (normally chara9terized by rela
tively soft, fine~ to medium-textured soils), the Hydro- ·. 
purich,can be rapidly pushed to the d_esired sampling 
depth by a cone p~netroi-riet~r rig-. Since t_he late l930s-, 
geotechnical investigations have used the cone pene
trometer system to d'etermine in situ soil characteristiCs. 
Simply described, the c.one penetrometer system consists . 
of a cone approximately 1.5 inches in diameter attached, 
point do.wn, to a series· of rods with approximately the . ' .. . 

• • .......,. o ' t I • 1 o1 -- --1~ ... t_ _ 

P!:NETROME'TER RODS 

I ' f' , 

HYOROPUNCH 

GROUNOy.l ATER SAMPLER 

' . 

. Ill~ 

I :i- WATER TABLE 

, 

Figure 3. By replacing the sillndard cone with the Sllmpiing tool, 
t~e investigsior can push the_ tool into the t:lrget ar~. -' 

soil by_ a heavy truck or drill rig equipp-ed with large 
hydrau_lic rams. The changes in the .force requi~d -to 
advance the cone are recorded and correlated to changes 
in soil .strat_igraphJ.. The system_ js very fast compared to 
conventional drilling "and soil sarppling techniques ~d 

- can reach d_epths o{ 140 feel in suitabl_e geologic 
environments. 

By replacing the standard cone with the Hydro punch 
_ground water samplipg tool, th~ investig-ator can rapidly 
push the.tool jnto the targ~t aquifer and collect ground 
water samples to verify contamination and to define the 
extent of the contaminant plume (Figure 3). The authors 
have collect~d groundwater samples with a Hydropun<::h 
and cone penetrometer from 15 feet to more tha.,n-70 feet 
below the ground surface in· approximat~ly one hour. 
The cost for each sample; typic~lly ranges from one-half 
to one~ten~h the cost of i!1sta1lation, development, and 
sampling of a convent!o!1al 'ground water inonitori~g 
well. 

Whe11 used with a. penetrometer rig, the sampling 
operation results in mini.mal impact to the surrounding 
environment. Drill cuttings and qevel_opment water are -
not produced, thus eliminating .the need for disposal of 
contaminate9 soil anq water a·nd.minimizing ~Ieanup and 
decontamination requiremen_ts. The clean, fa.St operation 
of the system is also valuable when ground-water samples 

· are ne_eded w.ith a min-imum of dis!urbance to the sur-
_ ..... . ..... ...t • .,f'T ~~,,, 'P",...'I""\'P"'9"'t6.,.. ' 
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Wl'::~~ geQicgi~ cc::2iti6;:~ an: nc~ . suitable for use 
with a: cone pene~rome·ter rig, the Hydropunch can be 
substituted for -soil samolin2 tools such as solit bimel or 
Cai'ifor~ia:-type sample~s ariused withconv~~tional drill 
rigs to· provide chemically representative ground water 
sampics as drill ing proceeds: Tne· sampling tool can .be 
connected to the so_il sarriplirig rods and driven or pushed 
below the bor~hole into a zone unaffected ,by the driiling 
pro_cess~ When the desired sampling depth .is reached, .the . 
tool is opened, permitting a ground water sample to be 
collected (Figure 4}: Similar to cone pe.ne.trometer sam
pling, the cone and sarriple chamber isolate the sa~ple 
'intake ports from fluids above aridbelow the zone being 
sampled, thus ' fom1ation development is nor 'required 
prior to sa,mple collection: The discrete vertical sa.mple 
interv_al enables . the Hydropunch · to collect numero.us 
s~mples at different depths from a single boreho.le. 

Sampling during drilling provides a fast, economical 
means ·to investigate sites where li ttle is known of tbe 
h_ydroge?logy ~ndj or where multi~aqu if~fsystems. exist. 
Convent-iorlal drill ing and soil sampling methods can be 
used to define :soil stratigraphy and to identify water
bearing zones. When a ground water sample is desired, a · 
soil ~ampler is removed and. replac~d with the Hydro
punch. The Hydropunch is driven into the t~rget aquifer 

. past the zorie disturbed by the d rillingpr'oces?·· Tn~ unit is 
then opened to the form~ti on, permitting a_ ground water 

:sample to be collected . .Tnus;. a si!lgn~ bonng can provide 
discrete ground water.quality and piezometric data for 
each warer-beanng i.one encountered without the con~ 
structlon of. multilever-'monitoring wells. The r~sulting 
data can be' used to auicklv and cost-effective!v'determine 
the ·hydrogeologic ~~d geoche~ical · conditions of'the 
study area·. . .. 
. Depending on the number of ground water samples 

· collected per boring and the type of drilling equipment 
' used, the authors have found the svstem to be aporoxi
mately one-half to one-fo~rth as c;stly as conven.tional . 
inves.tigations using mqnitoring wells tO coliect ground 
water samples. . · 

Case Histories 
Northern California Municipal La~dfill .· 

The Hydropunch was used in 1985, 1986, and I 987 
wh.il<! conducting a ground \Vater investigation at a landfill 
in. : northe~ Califon1ia. The. landfill was· suspected Of 
leaking low levels of volatile organic contaminants (VOCs) 
into the gro1.1nd \va.ter. The landfill is located in a section 
of unconsolidated, well .sorted, quartzose, brown-to-.red, 

:fine, silty SaJ!d of e'oJiari origin contain_ing isolated lenses 
of silt and clay. Underlying the sand are poorly indurated 
Jayers of sandy silt and day interbedded with thin layers 
or le~ses of fine-to-medium grair1ed·; silty sand. The first 
major ilquifer encountered ty'pically occurred 20 to 30 
feet above the contact of the fine sand and the underlying 
silty clay. Due to . the extreme top~graphic relief of the 

·. · · site, ·the dep.th to groimd .water"rang'ed from 25 to more 
than ·150 feet below the su:rface. The upper aquifer was 
the primarv zone· of VOC .co'ntamination at : the site. 

' . 
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Figure 4. Wh~n the sampling depth is reach'ed, tile tool is opened. 
. . I . 

the facil ity to determine if the landfill · was the source of 
· contamina~ion and to define the exten.t of the contaffiinant 
pltime. The Hydropunch was used in conjunction with a 

. hollo\v-st.em auger drilli~g rig to provide ground wate~ 
·samples as drilling proceeded. · : . · 

. A portable field gas chromatograph was· used to pro
_vide immediate ,analytical results. If elevated levels of 
groun9 wate'r contamination were found in the Hydro- . 
punch sample, a perm~nent monitoring wd1 was installed 
in the test ·boring. Hydropunch samples were collected 
fro!TI depths ra.n g~ng from ·30 to 15.0 f~et beiow ground 
surface. 1 • 

By the end of the investigation it was apparent that a 
strong correlation could be made b~tween contaminant 
cqncel)trations found in the Hvdr.opunch and those found' 
in monitoring wt;lls. The co.mparisor. may ·be s~n in 
Table .J and is discussed · later. · M4ltipl.e Hydro·punch · 
damples collected at Various Ve0ical interval$ .from the 
sarrie borehole indicated · that the highest contaminant 

TABLE 1 
Cost Comparison . 

Conventional Hydropunch 
Well with Perie- · Hydropunch 

Activi.ty Installation tromc!er Rig with Drill Rig· . . . ,, 

Mobilization· S 200 S 100 S 100 · 

' Drill ing and well 3200 800 · 1200 
installation a 

Well development 500 

· Field supervision 1000 · 400 600 

Sampling · 600 425 · 425 

Touil' cost · 1 S5500 S I 725 . Si32S 

Total time ·. 3 days \ I da_y . p days 

a Number of ground. water samples- 5 
,..... • • • • ~ --. - J .• . • - .-
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concentrations w~re found i~ the upper p"ortion of the 
aquifer. Subsequent installation of monitoring_ wells at 
various venical intervals confinned thes~ findings··. As tlie 
inves~igatio~ progressed, one very usefulfeamre of using 
the Hydropunch was the capabiliWt9 haye ·geochemical 

· results fro in a borehole on the same day, or at the longest 
within two days. This enabled _ the investigatio_n to be 
directed based on co"ntaminant concentra~ioris while the 

·drilling contractor was ·on.:site, accelerating the progress 
of the investigation. As ·a comparison, analytical results 

· from monitoring wells install.ed during the investigation 
were not. nV?J.iiabJe until appro·ximateJy ~WO months after 
the conclusion of the drilling· program. 

. ' 

Southern' California Schoolyard 
' In the spring ·9f 1986 the Hydropuncj1 was used with a 

cone penetrometer rig to corifirm the presence of benzene, 
t oluen~, ~nd xylene contarhina.t_ion benptha-playgrdi.Jnd 

' at- a preschool in Los Angeles, California. Ground water 
occurred in alluvial deposits of fine -silty sand and fine _ 
sand, typic.al\y 3- to 5-feet ~hie~, interbedded with layers 
.of lo.w.-penneability silts ~hd cla)'s. The depth to ground 
water ranged from 6 to 10 feet below ~he sit~. The investi
gation required that fiv~ ir"ound water samples be collected 

- from a dipth of about 10 ~o 25 ~eel below grade. The ~oral 
· field effort haq to be completed over a two-day weekend ' 

to minimize the disruption of-the preschool activities. By 
using.the cone penetrometer rig to push the Hyd~opunch, 
the investigation was completed in. one day, with no 

. disruption to the school yard. The only impact to. the 
playground produced by_ the sampling was five 1.25-inch- . 
diameter holes, y.rhich were immediately backfilled w·ith 
cement and bentonite-and topped \vlti1an asphalt patch .. 

Table I snows a comoarison between the estimated 
. -costs for a c~nventional ~ell installation orognim at the' 

site, an estimate 'of costs for a Hydropun;h i;vestigation 
using a hollow-stem auger drill rig, and the· actual cost 
incurred using the Hydropunch with.{ cone penetro.meter 
rig. Tnese costs represent field costs only for collection of 
a single ground water sample. Total COStS ·of the "field 
investigation using the Hydropunch with a cone pene
trometer rig we~e less than one-third the estimated cost 
Cl..SSO~iated with conventional well installation procedures. 
If the Hydropunch had been used with a hollow-stem 
auger di:ill rig to conduct the sam~ investig-ation, it is 
es'timated that field costs would have. been·. Jess th"an 
o~e-haffthe" cost of"a convention_al well installation. 

Loui~iana Petrochemical Plant 
· The ·southe.astem Louisiana gulf coastal area is a 
region where the Hydro punch has been us_ed effectively. 
Comm<;mly, sediments-encountered · in this a~ea ·are a 
reflection of a series of transgressive and regre'ssive deltai'c 
sequences. -They are soft, unc-onsolidated and, in places, 
signi.fjcantly thick. The-lithologies are generally various 
combinations of clays, silts, ·and sands. 

- The soft sediments and shallow w~ter table (less than 
I 0 feet commonly) lt;:nd themselves to rapid sample 
acquisition. the Hydropimch has delivered as many as 
12samples in a 10-hourday. These samples were collected 

·.from ps shallow_" as 12 fe~t (3.6m) and' as deep "as 6~ fe~t 

. . 
(! 9.lsr.:; :oe10w the s<;;-; :.:;:;·:. 

the technique was to auger to the water tao_i :: (com
mon,!y t-wo. 5-foot nights .or !ess); rcmG\'C the::::::-:::::::- ::;Jug, 
drive or push the Hydropunch 3 feet or more p2Jit the 
bottom of the auger; _open the Hydrop~nch; allow it. to 
fill; retri'eve and collect the samples; and resume :lUgering. 

· Use of two Hydro·punches ih tandem, one to be driven 
into' po~itidn \vhile the other unit was being decorttami~ . 

· riated, wa.S v<;:ry time-efficient. For vertical delin~ation of 
a piume, samples were usually collected at 5-foot incre

.- ments. Fil! time for. the Hydropunch was found to vary 
with the permeability of the interval being ~2.mp!eq . · In 

. . ·plastic, Jow-penneability clays: the rtn time \\;as 45 minutes . 
or longer. Occasionally, ·clayey formation fines completely 

-plugged the intaKe tube ·openings ~nd· no sample was 
obtained at all. In more permeable material, tne Hydro
punch ft.! led .iri as little as five minutes. Generaily spealdng, 

.' in fine~grained sediments, the sha-llow. samp!d V.·ould 
requi~e a !_anger fill time,.due·to a less significant p_o'tenti
ometric head than deeper samples. sa·mple volum'e is 
contingent upon penneabili~y of the forma~ion and, cor
respondingly, ' the leng~h of:time the Hydropunch is 
all.6wed to fill. . · · • · 

During the ear.ly part of I 988,-~he Hydropunch was 
t,fsed while con9ucting a groupd water investigation at a 

-petrochemical facility in south Louisiana. Low.ievels of 
various ch\orinat"ed organics were s"uspected of being· 
present" in the ground water underlying tl'le site. the 

. Hydropunch was used in conjunction with a hollow-stem 
auger dri lli)lg rig to provide ground water samples for 
vertic:~! and qreal. plume· deli"neatio n. . · 

Tne petrochemical faCility p~ovided Its O'r/n laboratory 
services for quick gas chromatographic 'analysis of th~ 
ground water samples. Hydropunc(l samples were 'col
lected from dept,hs rangirig from n .5 feet (3.5m) to 72 
feet (21.9m)' be_low ·surface. Ninety-nine ground water 
samples were collected from various elevation's below a 
ground surface in 12 wor.kin'g.days for an av·era·ge of eight 
samples .per day. Each working' day consisted ·of approx
imately 10 hours. T\yo Hydropunches were used in tandem 
·as described earlier. I'n ·general; with increasing sample 
depth, !JlOre tirrie·and effort were required. Two zones of 
cont.imination were· identified. Based upon infoimp.tiqn
gathered with the-Hydropunch, a subsequent recovery 
system is in the plannin& stages. · 

Practical Considerations 
·Over the past t~ree years, the Hydro punch has been 

used throughout th~ United· States in a varieiy of hydro
geologic environments. Sampl~s h~ve ~een collected using . 

·cone penet~ome.ter rigs and various types of drilling rigs. 
The.design of the unit has been continuously modified to 
correct problems encountered during its . use. A quick· 
summation of_the m_ajor problems encountered to date 
and the mitigative measures taken includes: · 
Problem-:-_Physical defonnation of sampler. 

Solutions ·. -
• Do not attempt to drive sampler through extremely . 

hard material, i.e., weathered gianit::, co~bles, etc. 
(a general rule of thumb is, if a 2-inch split:sjwon . 
sampler cannot be_ used, a Hydropunch samp'Jer 
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should not be attempted). . 
• Redesigned unit for greater rigidity during driving. 
• - LooseT)ed internal tolerances to permit operation 

if mino( defonnation does occur. 

PrQplem-:-Failure to lower check valve to close resulting 
In joss of sample. · · 

Solutions . 
• Redesigned check valve for more positive seating. 
• Reduced screen mesh size over intake tube to min

imize. sediment interferen~e with check-valve . 
operation . . 

P;oblem......:.Fallure of intake tube to telescope into open 
position due to' fine St!-nd and binding movipg components. 

· Solu_tion ' . 
e Change locations cif"O" ring seals to prevent sand 
. froin worki~g into housing during drivi_ng. 

Problem-failure of in.take tube to telescope into operi · 
position due -to insufficient soil fri.cdon on drive cone . 

Solu.tion . 
· e Reduce friction of internal moving parts to enhance 

. sliding action .. 
• Lengthen and change1the shape of the drive cone to 

increase soil friction and improve <fholding" 'char
aeteristi~s in lo';" cohesion soils. · 

At present, the most common problem e!"!COUnteted. 
with the use of the Hydrbpunch ·occu~s 'when a sample is 
collected from a low-permeability fo:rmation. As shown 
in Figure 2~ the interval from which the ground· water 
sa~ple is collected is located above the drive cone and 
below the body' of the sampler when in the open position. 
This _represents appr()ximately 16 linear inches of intake 
are~ (0.4m). Consequently, fill time for the Hydropunch 
is directly related to the permeability of the zone exposed 
to the intake tube. In pl~tic, low-permeability clays, the 
time requi.red to collect a sample has been 4~ minutes. OI: 
longer. In permeable soils, the Hydropunch may fill in as 
little as five minutes. On occasion, clay \la.s ·completely 
plugged the intake tube openings and' no sample was 
collected. A small-diameter electric water-level probe is 
lowered into the drive.rods to determine when the sample 

'chamber is full. Although slow fill times can bdrustrating,-
. some initial estimates of the zone's relative permeability 
can be made from the slow fill 'rate. . . 

Experience has als'o shown that collection of samples 
:· immediatdy below the water table requires a: longer fill 

time than samples colle~ted at greater .d~pths. This is due 
'to a smaller' pcitentia.metric head 'between the sampler · 
and the aqpife'r at the shallow depths. . .. 

When collecting· Hydropunc)l samples in rapid suc
cessi~rt (i.e., during vertical profiling or shallow ground 
watc::r·s·ampling), it is cost-effective· to' have two or more 
Hydropunches available. The use of multiple unitS permits 
decontamination of one unit while the other is in use: . 
· · . finally, as in the case with any geotechnical tool, the 
!llOr~ experience the operata~· has.with the Hydropunch, 

' the betfer the results. It has been fo~nd that after \.ising 
the _Hydropunch for several days,~ experienced.·techni
c~an can rapidly make adjustments in the field for specific 
hydrogeologiF or drilling conditions encountered and 

maximize Lhc d lectiveness of the tooL 
In summary1 the H;ydropunch has been used to detect 

ground w·ater contamination a~d to delineate the vertic~! 
and horizontal extent of ground water contamination at 
sites throughout the United States. Numero'us design 
changes have corrected mechanical problems encountered) 
in early phases of use but factors such as low ~oil permea- · 
bility: low hydraulic head, and operator experience will 
still influence the perfonnance· of the Hydropunch . . 

' . 
Comparison o(Monito~ing Well 
and Hydro punch Data . 

Table 2 shows a general comparison of water-quality 
data derived from Hydro punch sarr1ples and ~ound water 
samples collected from monitor]ng' wells installed in the 
Sall)e borehole. The data shown in Table 2 were generated · 

, from a 1?-ndfilllocated in northern California. The authors 
acknowledge that numerous yariables exist between the 
samples. Samples were not collected from the Hydropunch 
and th'e ·well C,OncurrentJy (there W;tS approximately a 
two-month period between sampling events); conse- ' 
quently, chemical cond itions may have changed between . 
samples-. ,Wells and Hydropunch samples were not col:- · 
lected from exactly the same intervals. Screened inte'rvals 
f9r monitoring wellS were' I 0 to 30 feet while the Hydro- . 
punch collects a sample from·an i.nterval of approXimately 
2 feet. · · . · 

Detection limits and dilution ratios (or sample analyses 
,may also vary: Even with these variables, it can be seen 
from Table f that a good correlation can be made between 
the contaminant concentrations found in· the Hydropunch 
samples and those found irt the ground water samples 
from m~riitciring \veils. Similar results have been found at 
other sites. In the. a~thors' experience, th~ co~elati·on 

· · provides a ·level of confidence that i's suitable for detailed 
plume delin~atioh progiams. 

Sm:nmary 
The Hydr.opU:nch ground water sampling tool· has 

been developed to provide ground water samples suitable 
for. priority pollutant analysis with9ut the installation Of 
grouncbwater monitoring wells. The sampler is desigried 
to be used in two modes. A cone penetrometer rig can be 
used .to rapidly push the unit to the d,esired 'sampling 
qepth, or the Hydropunch can be connected to soil sam
piing rods permitting ground water samples to be collected 

· · during conventional drilling arid soil sampling operations. 
Ground water samples.provided by 'the Hydro punch 

, can be used to define the vertical and horizo~tai'extent<lf 
ground water contamination and to characterize hydro
geologic conditions, enabling the investigator to eliininate 
·unneeded monitoring wells and to correctly design and 
locate. those wells t}:lat are required for permanent moni-
toring pu_rposes. · · , · · 

· Advantages over conventional ground water inves
tigative techniques inclu.de: · 

~ Ground :water samples can he quickly ~ollected 
(two to 10 times faster than cdnventional monitor- . 
, • , · , , · • o\ •. , 

mg well mstallahon and sampling). . 
• Gro'und water samples can be ecoi10mically col- . 

lected. tvnicallv 40 to 90 oercent less costlv than 
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TABLE 2 
Comparison of Hydropunch and r,·1onitoring W~ll Water Sat1pl~ 

Well Number S-19 S-20 S-11• S-23 F-2 S-12 

Hydro- Hydro- Hydro- Hydro- Hydro- Hydro- ·· l:iydro-
Source of Sample -~-punch MW punch MW punch pu~ch MW punch MW punch MW punch MW 

35 40-50 121 101-l.J l U9-121 125-127 105-135 81.5-83.5 55-85 140 13-1-14-4 12-l.S-126 121-132 
peprh of Sample feet feet feet feet feet feet f~t . feel ' · . feet feet feet fee t fed· 

\ 

Volatile Priority Concenr. Con cent .. Concent. Conhnt. Con cent. Concent. Conce'nr. Conccnt. Concent. Concent. Concent. Concent. Concent. 
pg/L pg/L . pg/L ·J.ie/L. . pg/L .. pg/L . w:,!L pg/L y pg/ L Jlf) l prJ~ pr)L · Jlf)L Pollutants 

lkrw~e 0.3 0.1 11 20 12 
Chlorobenzene NO NO . NO NO NO 
Oibromochloro-
· methane NO NO 4.5 NO . ND. 
Chloroform 0. 1 0. 1 NO .N_D NO 
1,1-Qichlorocthanc 0.1 0.1 30 45 92 
1,2-0ichlorocthanc NO NO 2.5 ' 2.5 NO 
t, 1-Dichloroethane NO NO ' 2.5 , ' 2.5 2.5 
I ;2-Dichloropropanc NO NO 2.5 2.5 NO 
Ethylbenzene 0.2 ND NO NO · NO 
Methylene chioride NO NO NO NO NQ 
Tetrachloroethene 0.6 0.7 23 '48 75 
Toluene ' 1.2 NO NO NO NO 
I, 1,1-Tricbloro-
e'thane ND NO NO NO NO 

1,1,2: T richlqro-
ethane 0.1 0.1 NO NO NO 

T richlo~octhane 0.2 0.3 16 30 48 
Vinyl chloride· 
Traps~ I ;2-. 

NO NO NO 32 N[) 

Oichlorocthene NO NO NO 2.5 NO 

. Vola We Non-Priority 
Pollutants 

m,p-Xyknes 0.7 0.1 NO 2.5 ,NO 
o-Xyle!)e ' 0.1 ·NO NO 2.5 NO 

I 

c!s-1,2- . 
Oiehlor~thene . '2.4 2.6 48 75 158 

•Tw~ Hydropunch samples wer~ collected. 

monitoring well installation ·and sampling methods. 
• Sample quality is · suitable for p'riority poliutant 

analyses and , u'nlike other secondary detection 
.,.. techniques, provioes a sample that quantifies pol~ 

lutanrcohcentrations in the ground water. 
· • The Hydro punch is a clean sampling· system, min- · 

imizing cleanup and d eco.n tamin a ti·o n 
requirements. · . 

• With suitable drilling techniques, the Hydropunch 
·can provide a grounq water sample from a discrete 
· vertical interval . by preventing water above and 

below the intake screen from entering tre sampler. 
By · collecting numerous samples from a single 
b<;>rehole; a vertical water-quality profile can be 
developed for multi-aquifer systems or stratification 
of contaminants can be defected within a single 
aquifer system. . . . 

The·Hy<;!ropunch I1as been used with both con·e per'le
trom'eter and hollow~stem auger drill rigs and has prqved 
to be cost-effective in both applications. If !1 gas chroma
tograph or other anal,Ytical equipment is available on-site, 
the sampling can be adjusted in the field tomax:im.ize the 

1 USe of th<? water-quality and hydrogeologic data as· they 
are generate'd, As a result, ground water investigations 
can· b'e CQm'pleted iri a1fraction of the time and cost of 
investigation,s using conventionil well installation and 
sampling" -~ethodologies. 

s 12 0.1 -NO 0.1 0. 1 1.2 0.3 
NO NO NO · NO NO NO NO NO 

NO NO , NO NO NO No NO NO 
NO NO 0.3 0.2 NO NO NO I 
2_2 42 0.2 . 0.6 NO ND ·0 8.4 

NO NO NO ' NO ND 0.3 0.5 0.5 
ND NO NO 0.1 NO NO NO 0.1 1 

NO 2.5 NO NO NO NO . ND I 
NO ND. NO NP ' 0.1 0.-1 0.1 Np 
NO NO NO NO NO NO 15 10 
28 42 0.6 1.5 . 2.3 3 5.5 12 

' No NO NO NO ND NO NO No· 

NO NO · ND- 0~2 NO NO NO NO . 

NO NO NO NO NO NO NO NO 
ND . 25 0.1 O.J 0.2 0.2 28 5.3 
ND . NO NO NO NO NO NO N_D 

NO 5 NO No . NO NO 0.2 0.2 

ND 2.5 0.1 NO 0.3 0.1 0.3 NO 
NO NO NO NO o.i ND NO ND I . 

)8 65 ND NO O.J . O.J . . 4.2 2.3 
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Kent Cordry is currently maiJager of northern Cali
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Professi~nql Geologists. · . · : · 

Ru.Sse./ w. Edge is currently a hydro geologist/or Roy 
F. Weston Inc. inAJbuquerque; New·Mexico. Edge has 
used the Hydropuncli in a numf?er of studies in -various 
iizdilstria/ settings fn the Gulf Coast region anc/ in southern : 
·california. H e is respdnsible.jor designing and imp!~ 
menting hydrogeologiq field inv~igations, duta inter
pretation: report preparation, and regulatory interfacing. 
He holds a B.S. degree in geology from W cit Texas State 
University. and has completed graduate course work at 
Oklahoma State University. He is a member of th~ 

. National. Water Well Association and the NewMexico 
Hazardous Waste Society. 
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. Groundwater SamPling without wells 

The 1-Iyd-roPU.nch~ drastically ·reduces time and ·money 
. spent qn groundwater mon#oring site assessments, 
·by collecting. samples without wells. Data can be 
; used· to detennine verlical and horizo~tal extent 
o{ co~tamination, ~nd to ·accurately quantify 
pollutant concentration. 

). 

. ' 

Samples in as. little as one hour .. 
The HydroPunch (U.S. Patent N9. (669,554) is' easily 

. used with cone penetrometer or conventiopal drilling 
equipment. It collects up to sbo. ml of groundwater at 

· ·• the. desired depth in unconsolidated sdil, and un9er . 
maf1y.(:onditions can be used to sample. multiple water
·bearing zones. in one operation. The HydroPunch can be 
visualized as workirg like a "driven" ba iler . . 

I I 

1ave 70% or more on site asses·srnent costs 
Extremely cost-effective, the Hydro Punch has·. proven 

in. fi~ld use. to cost as little as 1/10 the price of chilling, 
casing, and deve.loping a conventional weil. The ; 
Hydro.Punch ,c:dn also help determine optimum location 

. for dedicated wells w{len they are requir~d. Mo:re effec
tive placement •can minimize the number of permanent 
wells neede~, providing Ion&-term 5avings. 
. . 

High-quality samples Jor accurate ~ssessments 
Samples are unaltered and uncontaminated by drilling 

fluids or cuttings. All~s taiil.less and Teflon" construction 
makes .the unit chemicai~y inert, preventing contamin.a- · 

. tion. In use; the Hydro Punch is driven to the desir~d 
depth al\d then partially withdrawn, ·opening the irilet 
and' isolating the .colle.ction zone from layers above and 

· below. Replaceable inl~t screen cartridges keep soil 
m_a terials from' entering the sa.inple chambe.r. . 

'. 

Teflon® construction 
provides strength, · 
durability, and 
ac;curate samples 
uncontaminate-d by · HydroPunch sarripll?s are consistent with requirements for all priority pollutants, 

unlike indirect .site. assessment techniques (i.e., soil .gas samplihg or geophYsical I the testing procedU;re. 
monitoring). Samples are ndt affected by changes.in soil type or other compJiGl.ting . · 
factor$. Easy .field cleaning expedites repetitive sampling. 

Envi.t:onmentally safe: · · 
The HycfroPunch 'can be operated with minimal disturbance to environmentally 

··- ~nsitive areas .. There's no need to dispose of well devel9pment water, or of con- · · 
laminated drill cuttings wheri used with a cone rig. The technique is urlobtrusive 
and Won't interfere With normal Site Ope~tiOI}S. I • , 
. . ! ·. .. . - .' . . . - . 

~· J:nvi~r-~1 
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Specificatio.ns: _-: : ~ · c.~:-.. :~~~~;f?N~~t?~1i:·:~~;~;;~~7riB~ 
·The ·HydroPuri~Thl is equipped with an· ~AW;'::b.~~)mead:· Ani ·~Ji~~~;,:1~J?~~ 
rod used with HydroPunch must have a ·m.inimum of 9~16:"'"insidedia.i:iteter.~-4r<#e-I?. -· 
above top of HyqroPtinch to allow clearani:e ('or. top clleck:. ~:numl:i~ofJaoar..~~~-';' 
aY-'lilable, ~!lo.~g- use of. the ~ydrqPunch. Wiili~ different.~-~- C!FJ?itr;~~¥:ir~~ 

The basiC kit (shOW!) abQve) mcludes one Hydro Punch Wlili oaroed:gomtm:astii.i:Cfy, 
1 protective ca.fryirig c:ase.'111e kit c9mes c:Omple~e with watez: sample.diSclla.Ji~Cievice.;.=:~ .. . 
(w/Teflon" tubing and stopcock), cleaning brush set, extra· O-ring:a:IicE~...n;'s·ets;~~~~!
extra stainless steel check balls, and all otheracxessories needed'foriise!_~~~J}~r:~.i:.~ 

. ' . . ~· :: ....... ~'::--:~-·~1-·'::~r~-~~~~ 
. . . . - · ····:;.; ·~-:.-.c : . · ""!:;: . ... - • . ~ ... . :--; •. ; 

Maxin:mm di.ametet: 1.75 ' .· . .. :_-.; ... .\ Length: · O~sed:-64.50 .-z:~~g:IP._e.rr'~~.so.~ .... 

Weight (1-:iydroPUI)-ch orily): 24lbs. · Shipping weight: · 44 lbs:··:~!;m;,.:~t; • .:.~ttf.:·!Z;:<.~~ -
. ·;: ..:;-~,.~rj~~~·~~-.:;,~-~-!1";.; .~: ~-

Sample volume: 500 ml (nomimil) .. . ':.~·:::::,{ -~"f./1,}'•;Jj~rl-6l r,,·,..P\:~:<" -»~ 
~~::t~-~~z.~,~~:;=- ~~i~·- ·~ ~-:~ .. 

Guidelines for use: 
- . . 

General applications 
Th.e HydroPunch is a groundwater sampling tbol de~igned to be pushed or. · 

driven to tpe desired depth for sample· collection. It is maimfactured for durable 
performance, yvith rugged construction of stainless steel and Teflon~.- Following a . 
few basic· guidelines will maximize the usable life of your-HyqroPunch. · 

.In general, the HydroPun<;h c'an be pushed or driven {nto position in the same 
types'_pf formation? suitable for a standard 2'" split barrel (spoon) soil sampler. 
Suitable geologic materials include un~pnsolidate.d clays, silts, sands, and fine 
gravel~ . Driving· a split barrel sampler immediately above the de~ired HydroPunch 
sampling_ zone is helpful. This p·rovides an estimate of soil permeability! and 
predicts the formation's ' resistance to driving the HydtoPunch. · · 

. Hydrolo~c considerations .. 
The HydroPunch fills using the aquifer's hydrostatic pressure; similar to the 

yvay a bailer fills; thus the forination thickness and yield determine the fill r9-te. 
The sample jn]ef area of the Hydro Punch must be in hydraulic ·contact with a 

- · I water-bearing zone to c~IIect a sample. Becaus·e the sample chamber is above·the · 
inlet, the HydroPunch point must be driven to a minimum of 5 ft. below the 
static water level so that hydro~tatic pr~ssure is high enough to as~ure normal fill 
times and adequat~ sample ·volumes·. . . · . . . 

Comple~eHyciroPunch 
kit in heavy-duty · 
Ca17Ying case 

Typi~al aftPiictition using" 
HydroPrmch with cone , . 
,.,owo +...n .:._n+-,..... ,.,~.,: _ _.. n ... i 


