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APPENDIX C
PERMEABILITY TESTING RESULTS
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APPENDIX D
GEOPHYSICAL TESTING RESULTS



MAHOPAC BUSINESS DISTRICT
GEOPHYSICAL WATER SAMPLE RATIONALE

Sample
Identification Depth
No. (ft) Rationale

388-098-01 60 Collected below first major fracture zone. No purging of the
well occurred for the purpose of trying to obtain existing
conditions based on the pumping created by the Business
District.

388-098-02 85 Collected below second fracture zone. No purging occurred
for the same reason as above.

388-098-03 60 Collected below first fracture zone. A pump was placed at this
point to obtain fresh formational water from the fracture
zone. Sample was collected from the discharge hose.

388-098-04 80 Collected below second fracture zone with the same rationale
and procedure as above.

388-098-04 Field Blank

388-098-06 88 Sample was collected below the first two major fracture zones
while continuously pumping the zone to try to induce a
vertically upward gradient within the bore hole.

388-098-07 107 Sample was collected below the first three fracture zones
under the same rationale and procedures as above.

388-098-08 Field Blank

388-097-01 55 Sample collected within the first major fracture zone.

388-097-02 80 Sample collected within the second fracture zone.

388-097-03 57 Sample collected just below first major fracture zone.

388-097-04 82 Sample collected just below second major fracture zone.

388-97-05 140 Sample coliected below major fracture zone.

388-97-06 180 Sample collected below a fracture zone.

388-97-07 230 Sample collected below a fracture zone.

388-97-08 340 Sample collected below a fracture zone.

388-97-09 380 Sampie collected below a fracture zone.

388-97-10 Field Blank

388-97-13 Field Blank

10.6/89 07509




60540 68/L UL

uol||ig 134 sled qdd
pa13313Q1ON AdN

juejg paty 84 SIION
an anN an qdd /'L an 84 a4 80-860-88¢
an an an an an 901 H-AMIN £0-860-88¢
an an anN an an 88 H-AN 90-860-88€
GN an an an GN 84 a4 S0-860-88€
qdd g'91 anN an an an (dwnd) g az-min v0-860-88¢€
qdd 507 an an an an (dwnd) 09 az-mw £0-860-88¢
qdd {97 aN an an an S8 az-mn 20-860-88€
qdd £'57 an an an anN 09 azT-Mmn 10-860-88€
an GN anN an an a4 a4 01-£60-88¢€
qdd 9'57 an an an an 08¢ az-Mmw 60-£60-88¢
qdd £'€Z anN an L'z an (1173 az-MIN 80-£60-88€
qdd 957 qdd g aN an an 0€Z az-mN L0-£60-88€
qdd 7'y qdd z's anN qdd p'9 an 081 Qz-MmW 90-/60-88¢
qdd '€ qdd g9 qdd 9'g qdd gy an ovl az-Mm 50-£60-88¢
qdd §'vZ qdd /¢ an qddg'¢ an 8 az-MW v0-£60-88€
qdd 6'91 qdd g’y anN qdd g’} an LS az-MmnN £0-£60-88¢
qdd 9'g1 an an an an 08 az-mw Z0-£60-88¢€
qdd 091 an an an an SS az-mn 10-£60-88€
auayiaolojyrenay [auayiaoloppuy |auayiaosoppiglauveyyaosoyd|apuoyd| sog -y ‘oN {1Iam | i sjdwes
-7'L-suely UL | A ydag

SLT1NS3IH ONITHINVYS LNIOd 3134DS1A IT0HIYOE IL-MWN ANV AZ-MIN
SAd/TH LOTUYLSIA SSANISNd OVAOHVIN




New York State Department of Environmental Conservation
50 Wolf Road, Albany, New York 12233

Thomas C. Jorling
Commissioner

April 25, 1988

Mr. Ray Kapp .
Wehran Engineering
666 E. Main Street

P. 0. Box 2006
Middletown, NY 10940

Dear Mr. Kapp:

Re: Mahopac Business District Site
I.D. #340013

Enclosed is sampling data from the USGS point sampling conducted on
April 5 and 6, 1988. Please ensure this data is used to help design
final construction details for monitoring well MW-02D and MW-Q1I.

If there are any questions, please call me at (518) 457-1708.
Sincerely,
St {.ﬁa..ém,/‘\
Scott Rodabaugh
Project Engineer
Division of Hazardous Waste

Remediation

Enclosure

cc: w/o enc. - T. Haelen, Wehran Engineering
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New York State Department of Environmental Conservation
50 Wolf Road, Albany, New York 12233

Thomas C. Jorling

i Commissioner

April 25, 1988

Mr. Ray Kapp

Wehran Engineering
66 E. Main Street

P. 0. Box 2006
Middletown, NY 10840

Dear Mr. Kapp:

Re: Mahopac Business District Site
I.D. #340013

Enclosed is sampling data from the USGS point sampling conducted on
April 5 and 6, 1988. Please ensure this data is used to help design
final construction details for monitoring well MW-02D and MW-01I.

If there are any questions, please call me at (518) 457-1708.

Sincerely,

\SgdyétﬂQuéaxﬁ77\

Scott Rodabaugh

Project Engineer

Division of Hazardous Waste
Remediation

Enclosure

cc: w/o enc. - T. Haelen, Wehran Engineering
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MAHOPAC BUSINESS DISTRICT RI/FS

HEAT PULSE FLOWMETER DATA

OBTAINED FROM MW-2D OPEN BEDROCK BOREHOLE

Depth Averaged Pulse Arrival Flowrate
(ft BGS) Time (Seconds) (GPM up or down)
95 18:10 -21 -0.65
78 18:15 -1.9 -0.68
63 18:17 -2.3 -0.50
50.5 18:22 varies(-4.31t0 +7.0) Oto -.16
46 18:30 varies(~-5.8to0 +7.9) 0to -.10
78 18:41 -25 -0.43
82 18:45 -24 -0.43
185 18:50 -2.0 -0.60
265 18:55 -28 -0.35
332 19:03 90 0.00
327 19:12 -36 -0.26
328 19:14 -38 -0.23
329 19:18 >90 0.00
326 19:23 -47 -0.18
265 19:28 -38 -0.23
257 19:32 -3.0 -0.31
182 19:37 -19 -0.68
178 19:43 -20 -0.62
228 19:48 -21 -0.60
215 19:51 -2.0 -0.62
247 1§:54 -1.8 -0.70
257 19:58 -2.0 -0.62
265 20:03 -26 -0.47
81 20:08 -21 -0.60
78 20:11 -25 -0.43
70 20:15 -25 -0.43
62 20:18 -3.0 -0.31
51 20:22 varies( + 60 to - 18.0) Oto -0.04
Notes:

— Data collectd by USGS Borehole Geophysical Research Team on September 15, 1988.

-~ Heat Pulse Flowmeter designed by Al Hess, USGS Patent Pending.

10 7/89 07509



DEPTH BELOW LAND SURFACE IN FEET

| L Q | o
_. 0 9 3 m <) &
" n v *\: B - ..
{ . ,
{ \
I | .
i \ i
o
) i
L i
. 9
= & 5 3
Y =
\n o "3 0 _
9 e 2 A

<
7

Cin:

FINNIW J3d SnOT1IH9

m
-

NI

‘Mo14 40 moiIlIINIa aNy FLuY




¥
c A
) ,

LETTELA DEwo T FRACS
TELEVIEwEL - pag, FRAC Zouts o ComfoiTe,

Véanea. Stacg « § fT
hoerr. ScALE : Hee Crtiumf






MiGH -
[ReSeLw N F

ATV DATA

VERTICAL SeALL & 2.5 FT
ho2iLomtAL SEMEL ¢ Hore CRwont,




United States Department of the Interfor -

GEOLOGICAL SURVEY
BOX 25046 MS._403
DENVER FEDERAL CENTER

DENVER, COLORADO 80225-0046 HRE AT

INKEPEY RETER 1O
November 15, 1988 PR ‘
MEMORANDUM -
TO: John Williams, District Office-Albany

FROM: Project Chief, Borehole Geophysics Research Project, CR, MS 403

SUBJECT: MAHOPAC TELEVIEWER LOGS -- Three-dimensional plots of fracture
zones from televiewer data

Enclosed are the plots of the fracture zones we sent on tape to
colleagues at Stanford. These are the two zones (262 and 328-330 feet) where
vater was entering fractures towards the bottom of the Mahopac well.
Something seems to be seriously wrong with the depth scales on the two
black-and-wvhite side-view plots. My inspection suggests that the images are
close to proper scale (perhaps the borehole diameter has been made to large),
so it is probably best just to discard the depth scale on the plots. My
interpretation of the televiewer is that the 328-330 ft zone intersects the
borehole over 1.5 or 2 feet. Using that as a scale, the borehole diameter
comes out to be between 6 and 12 inches. Not so far off that the plots don’t
make a good representation for the data. Hope the plots are of some use.

¢ F. L. Paillet

enclosures
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NEATION OF CONTAMINATED WATER~BEARING
CTURES INTERSECTED BY OPEN-HOLE
w BEDROCK WELLS IN SQUTHEASTERN NEW YORK

g%~ (By John H. Williams and Randall W. Conger
0 \

% v b

% ol Q\&c‘ %, ABSTRACT

@}%}

Q&wells were @?\Sgﬁed by a combination of geophysical logging, vertical-flow

QO
measurgﬁg% scband downhole point sampling as part of remedial site investiga-

™
tiods iﬁbsoutheastern New York. The investigated wells range from 100 to 450

inatqd39§t€§§bearing fractures intersected by open-hole, bedrock

feet in depth, have only shallow surface casing, and intersect multiple water-
be;Eng fracture zones, The distribution of water-bearing zones intersecting
the wells was determined from single-point resistance, caliper, fluid-
resistivity, and temperature logs. Measurable flow in the wells was downward

from upper producing zones that are poorly connected in the aquifer and have

differing hydraulic head as a result of nearby pumping. According to the
distribution of vertical flow in the wells, a downhole point sampler was used to
collect discrete and composite water samples from self-purging producing zones

for analysis of volatile organic compounds.

A supply well completed in Mesozoic sandstone and canglomerate at the
Spring Valley wellfield intersected water-bearing zones at a depth of 195 to 245

feet, which produced contaminated water that was received by a zone at 278 feet.

A deeper zone Iintersected by the supply well at 345 feet produced uncontaminated

water that was received by a zone at 403 feet. Correlation of data from the
supply well, geophysical logs and drill cores from nearby monitoring wells,
and a bedrock outcrop indicate that the most of watgg:pearing zones are bedding-

plane separations that probably provide direct pathways for contaminant

transport in the bedrock aquifer along bedding strike.



A deep test well completed in Precambrian gneiss in the Mahopac business
district intersected shallow water-bearing zones at 50 to 79 feet that pro-
duced contaminated water, which was received by deep zones at 260 to 328 feet.

An acoustic-televiewer log indicated that the water-bearing zones consist of

a single or multiple, closely spaced fractures with dips of 5 to 50 degrees.
By analogy with the investigated test well, the many deep open-hole wells in the
area probably serve as short circults in the ground-water flow system and allow

direct downward transport of contaminants in the fractured-bedrock aquifer.

INTRODUCTION

Contamination by volatile organic compounds is a major problem in many
fractured-bedrock aquifers in northeastern United States. Most water—supply
supply wells completed in fractured-bedrock aquifers have only shallow surface
casing and are open to multiple water-bearing zones. Vertical flow commonly
occurs in the wells between zones of differing hydraulic head due to natural
head differences or gradients caused by nearby pumping. Water-quality sampling
of open—-hole, bedrock wells by standard pumping or bailing methods may indicate
the presence of volatile organic compounds but provides little information on
the vertical distribution of contaminants in the aquifers. In 1988, the U.S.
Geological Survey used a combination of geophysical logging, vertical-flow
measurements, and downhole point sampling in open—hole wells completed in
Mesozoic sandstone and conglomerate and Precambrian gneiss to delineate con-

taminated water-bearing fractures as part of remedial site investigations by the

New York State Department of Environmental Conservation (NYSDEC) in southeastern

J—
New York. This report describes the methods used and presents the results

obtained at two of the study sites—— Spring Valley in Rockland County and

Mahopac in Putnam County (fig. 1).

Figure l. near here




Figure l.-— Location of study sites and physiographic provinces in southeastern

New York.

2



METHODS

A suite of geophysical logs was completed in the wells to determine
the bedrock lithology, distribution of water-bearing fractures, and the
occurrence of vertical flow. Vertical-flow measurements were made to determine
the rate and direction of flow between water—-bearing fractures intersecting the

wells. According to the location of water-bearing fractures and flow between

them, a point sampler was used to collect water samples from the wells for ana—-

lysis of volatile organic compounds.

The geophysical logs completed on the wells included gamma, single-point
resistance, caliper, fluid resistivity, and temperature. The geophysical logs
were recorded simultaneously on an analog chart and on digital tape at 0.l or

0.5-foot sampling intervals. Gamma logs record the amount of naturally

occurring gamma radiation emitted by the rocks surrounding the borehole. Most
of the gamma radiation from rocks is emitted by potassium—40 (Keys and MacCary,
1971). Clay-bearing rocks emit relatively high gamma radiation because clays
typically have a high potassium content., Feldspathic zones in crystalline
rocks, such as potassium~rich pegmatites, also emit relatively high gamma

radiation.

Single-point resistance logs record the electrical resistance from points
within the borehole to an electrical ground at land surface. In gemneral,
resistance increases with grain size and decreases with borehole diameter, den-
sity of water~bearing fractures, and dissolved-solids concentration of the water

water (Keys and MacCary, 1971). Single-point resistance logs are useful in the

determination of subsurface lithology, water quality, and location of fracture tenes,
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MAHOPAC BUSINESS DISTRICT RI/FS

MW-2D BOREHOLE PACKER TEST SAMPLING RESULTS

Test Results in ppb

Packed Off
Interval 1.2 Tri- Tetra-
Sample ID (ft. 8GS) Dichloroethene | Chloroethene | Chloroethene

MBD-MW-02D-01 50-75 38 BDL 32
MBD-MW-02D-02 75 - 400 3.8 BDL 31
MBD-MW-02D-03 75-100 3.8 2.1 40
MBD-MW-02D-04 200 - 225 34 BDL 24
MBD-MW-02D-05 200 ~ 225 3.0 BDL 24
MBD-MW-02D-06 250~ 275 34 BDL 27
MBD-MW-02D-07 310~335 3.0 8DL 27
MBD-MW-02D-08 0-400 34 BDL 27

Notes:

BDL = Below Detection Limit

Detection Limit
Values reported for 1,2 dichloroethene inciude CIS and/o Trans Isomers

= 2.0ppb




FINAL REPORT

Wehran Engineers & Scientists
666 East Main Street
P.O. Bax 2006
Middletown. NY 10940

Attention: Mr. Terrance R. Haelen

PROJECT: P.O. #07467

GHR ANALYTICAL JOB NUMBER: 36-825

PREFPARED BY: GHR Analytical

DATE PREPARED:

Gl
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J0)

GHR ANALYTICAL
26 MAIN STREET
LAKEVILLE MA

02347
57 947 5077
AT 783 2472



A [VISION OF GHR ENGINEERING ASSC

ZHR ANALYTICAL

ATES. INC.

26 MAIN STREET

LAKEVILLE., MA 02347

(508) 947-5077

-
HNU 301 Scan - Volatile Organics Analysis
Client: Wehran Engineers & Scientists Job No.: 36-825
Project: P.O. 07467 Date: August 5. 1988
Date Received: August 4., 1988 Date Analyzed: August 4. 1988
Collected by: Client Analyzed by: 29 9
Test Results in ug/l{(ppb)
PAUNSY, Sample GHR 1,2 Tri Tetra
INTSCUAL I Matrix Lab No. Dichloroethene* Chloroethene Chlorocethene
50-55 ! MBD-MW-02D-01  groundwater 83781 3.8 BDL(1) 32
N5 Hoo! MBD-MW-02D-02  groundwater 83782 3.8 BDL 31
I Ns 00 MBD-MW-02D-03 groundwater 83783 3.8 2.1 40
200-228' MED-MA-02D-04  groundwater 83784 3.4 BDL 24
260 -225" MBD-MW-02D-05 groundwater 83785 3.0 BDL 24
250 _275‘ MBD-MW-02D-06  groundwater 83786 3.4 BDL 27
3\0-335‘ MBD-MW-02D-07 groundwater 83787 3.0 BDL 27
O -Nwoo  MBD-MW-02D-08 groundwater 83788 3.4 BDL 27
(1) BDL = Below Detection Limit.
Detection Limit = 2.0 ug/l (ppb).
*Note: Values reported for 1.2 Dichlorcethene include cis and/or trans isomers.
-
v Approved by:

Quality Assurance sllpervisor i



Jot o, 36-825

GAS CHROMATOGRAPHY ANALYTICAL. PROCEDURE

Type of Instrument: HNU Model 301
Column: 3% SP-2100 on 100/120 Supelcoport, 6' x 1/8" stainless steel
Detector 1: Photoionization Detector (PID)
Detector 2: Flame Ionization Detector (FID)
Chromatographic Conditions:
Injector Temperature:_ 180°C
Detector Temperature:_ 180°C
Colum Temperature: 60°C isothermal
Carrier gas: Nitrogen at 10 ml/min.

Analyte Concentration determined by External Standard, Peak Area Response

Sample Preparation:

Water: A 30 ml sample is collected in a 40 ml glass vial sealed with
a teflon-lined silicone septum is brought to room temperature.
100 ul of the headspace is sampled and injected into the gas
chromatograph at above conditions. Peak heights are compared to a
chlorinated standard spiked into organic-free water.

Soil: Approximately 20 g of soil was placed in a 40 ml vial and
brought to room temperature. 100 ul of the headspace was sampled
and injected onto the gas chromatograph at above conditions. Peak
heights are compared to a chlorinated standard spiked into an empty
40 ml vial. :
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CHAIN OF CUSTODY RECORD ﬁ‘\’ -

PROJECT : Ve L2 4 Ae. RZ/ES
CLIENT : /\/V‘/S/lggz
W08 No. ;O 1509 85

SAMPLE IDENTIFICATION:

LOCATION Ne. LAS SAMPLE Ne. : CONTAINERS | NUMBER/TYPEL

ME30-mw cgp-t| 1 (IO0K
AL = Mus - S20-
MPBD~Mus —E3(-<3
B0 - rMus ~ -3
MAD- s~ 23 )~ o8
30 Mus-CAJ S
DI = s~ <)
MBYD = mup = J-<H

CONTAINER CONODITION

g dsteihs

CHAIN OF CUSTODY CHRONICLE:
COLLECTED BY:

| NAME: ___/e44¢ JéZfO-L - DATE! ‘f[}/{ E
SIGNATURE: SEALS PLACED ON CONTAINERS ? 0 Yes XNO

CUSTODY TRANSFERRED TO:

NAME: . DATE: TIME:

SIGNATURE : ARE SEALS INTACT ? [ YES (O NO O N/a
CUSTOOY TRANSFERRED TO:

NAME: DATE: TIME:
3

SIGNATURE : ARE SEALS INTACT ? ([ YES . NO (O N/A
RECEIVED IN LABORATORY BY*
4| NavE: DATE: TIME:

SIGNATURE : ARE SEALS INTACT? ([ YES (O NO (O N/A
DISPOSED BY:
g | NAME: DATE:

SIGNATURE :

REFER TO “ WATER QUALITY SAMPLING FIELD DATA SHEET" FOR SPECIFIC SAMPLING DETAILS.

WERE ANY SAMPLES SPLIT WITH ANOTHER PARTY 72 0 vYes O no
IF YES, IDENTIFY .

REVIIED
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WEHRAN
ENGINEERING

Engineers & Scientists

100 Milk Street
Metnhuen, MA 01844

FAX TRANSMITTAL COVER SHEERT

Please celiver the following pages to:

NAME; ERRY NA ELEN
oy e i — ; 7_’
Cur LM OCATION: /nypuz-nw (fm/_:/ta wNEWTRAL DECT

TELIFHONE NUMBER:

This transmittal is being sent {rom:
NAME: Ft?‘i RoTEAA DATE: 9@/@9 TIHE: 2 oo
NOTE:
e #: - 07%509.03
— -

Numoer of pages being transmittad, including cover sheet: __ﬁ_____

e

ey

[F YOU DO NOT RECEIVE ALL PAGES, PLEASE NOTIFY THE SENDER AS SOON !
POSSIBLE AT (817) 832-1980
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APPENDIX E
PACKER TESTING RESULTS



60540 68/£ 01

0L X001 0L X0t < ?Cw>0uwz m:OWC&ﬂcm:C; ON C@QO Z1
sOLX16'L s-0L XSL'E SE 0L XZIEL SIA 00V - S9¢ Lt
v-0L X 20T v-0L X L0t ST g0l x8L0°L SIA S9¢ - OvE 0l
v-0l X69°S g0LXZL | ST 01 XS08'C SAA SEE-OLE 6
v-OLX1L9 €01 XZE'L ST 201 X967°€ SIA SLT-0ST 8
v-01 XZ0 | +01 X007 ST £01 X886 ¥ SAA 5ZZ-00Z L
501 X0p'1 s-01XSLT ST v-0l X 9889 SIA SLL-0S1 9
SOLXLEL <01 XLST ST v-0l X9Z¥'9 S3A 05l - STl S
SOl XEETY LOLXTZL6 ST £0L X08Z°C SIA SZL-001 v
0LX0'1L 2 LOLXQ'LZ R4 (A12n023Yy snoaueluelsu)) ON 00l - SL 3
0l X001 = 0L X011 < B 743 A>;m>0uwx snoauelueisuy) ON o0v-64 Z
0L X012 0LX0LZ ST (A13n0d3y snoauejueisuy) ON SL-0S l
S/wd uINAd (9) (uwy/zy) papi0r3y (sbqyy) "ON
Sssauyyj ies Aaissiwasuedj (1) 1531 bn|s | jersauyyadag | ¥say
Aupqeswaad (3)

JT0HIYOE X¥O04A3d NIdO AGZ-MIN JHL LY
ONILSIL ¥INIVd ONIINA GINYO4H3d S1S3L ONTS 40 SLTINSIY
SA/TU LOTULSTIA SSANISNI OVAOHVIN



MAHOPAC BUSINESS DISTRICT RUFS
GENERALIZED GEOLOGIC COLUMN
DEPICTING VARIOUS VERTICAL ZONES OF PERMEABILITY

Overburden

w25
Bedrock

S0

75

100

125

150

175

200

i

200

225

250

275

300

325

350

375

400

Legend

103 cm/sec

104 cm/sec

10°5 cm/sec

il Bedrock Surface

Note:  Based on packer test data for
MW-2D and slug test data for
I-series shaillow bedrock
wells.

10 689 07509
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MAHOPAC BUSINESS DISTRICT RI/FS
VERTICAL HYDRAULIC GRADIENTS

Hydraulic
Couplet Gradient Direction
MW-1S and MW-1I 0.0227 Downward
MW-2S and MW-2] 0.0230 Downward
MW-25 and MW-2D 0.0099 Downward
MwW-2[ and MW-2D 0.0086 Downward
MW-6S and MW-6I 0.0133 Downward
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APPENDIX F
LONG-TERM WATER LEVEL MONITORING RESULTS



In a study of a crystalline-bedrock aquifer in Canada, Paillet and Hess (1987)

reported that the single-point resistance log provided the most unambiquous

indication of fracture zones of any of the conventional logs. Single-point

resistance logs could not be completed at some well sites due to electrical

interference from overhead or buried lines.

Caliper logs record borehole diameter. The logs are useful indicators of
of changes in borehole diameter related to construction, such as casiong or
drilling-bit size)and the distribution of opening caused by fracturingx and
caving of rocks along the sides of the borehole. Correlation of caliper logs

with fluid-resistivity and temperature logs indicates the location of water—

bearing fractures.

Fluid~resistivity logs record the electrical resistance of water in the
well. Changes in fluid resistivity reflect differences in dissolved-solids con-
centration of water in the borehole. Because water produced from one fracture

zone in a well commonly differs chemically from that in another zone, fluid-

resistivity logs are useful in the delineation of water-bearing fractures.

Temperature logs record the water temperature in the borehole. Temperature
logs are useful in the delineation of water—bearing zones and identification of
vertical flow between zones of differing hydraulic head. Flow between producing
and receiving zones is indicated by temperature gradients of less than about 1
degree Fahrenheit (0.56 degrees Celsius) per 100 feet (Carswell and Lloyd, 1979;

Williams and others, 1984). S

An acoustic-televiewer log was completed at Mahopac well site. The
acoustic televiewer is an ultrasonic technique that produces a photographic

image of the acoustic reflectivity of the borehole wall. The technique was



developed by the petroleum industry (Zemanck and others, 1969) and more recently
has been applied to ground-water investigations in fractured bedrock by Keys
(1984), Paillet and others (1985), and Paillet and others (1987). The acoustic-
televiewer log indicates the location and strike and dip of fractures inter-

secting a well (fig. 2).

Figure 2 near here

The direction and rate of vertical flow in the well was determined from
velocity measurements and borehole diameter recorded by the caliper log.
Velocity measurements were made by using the brine-tracing method described by
Patten and Bennett (1962). At the Mahopac well site, a heat-pulse flowmeter
survey was completed. The high-resolution flowmeter shown in figure 3
was developed by Hess (1982) based on a design by Dudgeon and others (1975) and
has been applied to the determination of low-velocity, vertical flow in open-
hole, bedrock wells by Hess (1984, 1986), Keys (1984) and Paillet and others

(1987).

Figure 3 near here

A downhole point sampler was used to collect discrete and composite
samples from self-purging producing zones defined by the geophysical logging
and flow measurements for analysis of volatile organic compounds.
Where flow was downward from a producing zone and a no-flow boundary was present
above the zone, a discrete sample of water produced by the zone was collected by
sampling below the zone. Were flow was upward and a no-flow boundary was pre-
sent below the producing zone, a ,discrete sample was collected above the zone.
Composite samples were collected from intervals in the wells where more than one
producing zone contributed flow. Water—-quality analysis were completed by the
NYSDEC laboratory or by NYSDEC contractors in the field with a portable gas

chromatograph.



Figure 2.~—— Fracture intersecting a borehole and corresponding acoustic-
televiewer log and determination of strike and dip (adapted

from Zemanck and others, 1969 and Palllet, 1985).

Figure 3.—High-resolution heat=-pulse flowmeter (from Hess, 1984).

Sa



CASE STUDIES

Spring Valley

The Spring Valley Water Company has a major wellfield in the town of Spring
Valley in south-central Rockland County (fig. 1). The wellfield lies within the
Newark Basin, which is underlain by Mesozoic sedimentary bedrock consisting of
interbedded conglomerate, sandstone, and shale. Reglonal strike and dip of
of bedding is north to N45°E and westerly 4 to 20°, respectively (Perlmutter,
1959). The wellfield includes six open~hole wells, 250 to 500 feet deep, which
have produced over 2 million gallons per day--the largest pumpage from a bedrock
aquifer in the State. After decades of reliable production, the volatile orga-
nic compounds, trichlorcethylene (TCE) and perchloroethylene (PCE), were found
in the supply wells in the late 1970's (Slayback and Rothenberg, 1984). Supply
well 2, located near the center of the wellfield, was logged and sampled to help
define the vertical distribution of contamination in the fractured-bedrock
aquifer. Two deep and three shallow bedrock monitoring wells, located between
the suspected contamination source and the wellfield, also were logged. The

monitoring wells were installed in 1987-88 by Dunn Geoscience and GHR

Engineering Assoclates as part of NYSDEC remedial work.

Supply well 2, which is 445 feet deep and has a reported yield of 350
gallons per minute (gal/min