
3065 

RESPONSE TO NOTICE OF VIOLATION (NOV) 
NUMBER 4 ISSUED FEBRUARY 4, 1992 

03 I03 I92 

1 DOE- 1305-92 
DOE-F'N/OEPA 
yJ3 
LETTER 

J 



I 

. .' 
c - . .  - 

. . 

AZPRO 3 1992 

DOE-1305-92 

Mr. ?hi1 Harris 
Division of Hazardous Waste 
Ohio Environmental Protection Agency 
40 South Main Street 
Dayton. Ohio 45402-2086 

9 Qear Mr. Sarris: 

RESPONSE TO NOTICE OF VIOLATION (NOV) NUMBER 4 ISSUED FEBRUARY 4 ,  1992 

Reference: Lstter, P. E. Harris to R. E. Tiller, "Notice o f  Violations 
regarding the Groundwater Qual i ty Assessment Annual Reports," 
dated February 4, 1992 

This  ietter serves to transmit a report on the suitability o f  two monitoring 
w e i i s  in the Shandon Flow System (Monitoring Wells 2066 and 3066) located 
upgradient o f  the Waste Pit Area. 
Environmental Protection Agency (Ohio EPA) in a NOV issued on February 4, 1992 
(reference), regarding the Resource Conservation and Recovery Act (RCRA) 
Groundwater Qual i ty Assessment of Waste Pit 4. The violation alleged that 
monitoring wells 2066 and 3066 may not be suitable upgradient wells due to 
"questionabl e" water qual i ty when compared with monitoring we1 1 30.43. The 
remaining response to other allegations in the NOV of February 4, 1992, will 
be addressed under separate cover. 

The report was requested by the Ohio 

The Fwnald Environmental Management Project (FEMP) i s  an EPA National 
Priority Listed Site (NPL) under the Comprehensive Environmental Response 
Compensation and Liability Act (CERCLA). A CERCLA Remedial Investigation and 
Feasibility Study (RI/FS) is ongoing at the site and includes Waste Pit 4. 
Waste Pit 4 received radioactive waste containing Barium Salts from 1980 to 
1983. RCRA i s  considered an Applicable or Relevant and Appropriate 
Requirement (ARAR) o f  CERCLA. 

The enclosed report concludes that monitoring wells 2066 and 3066 are properly 
constructed and are located upgradient to the Waste Pit Area. 
systems within the Great Miami Aquifer converge in the vicinity of the FEMP. 
The Ory Fork and Shandon Flow system converge near the Waste Pit Area. ~ 

Monitoring Wells 2066 and 3066 are completed in the Shandon Flow System. 
Monitoring wells 2043 and 3043 are completed in the Dry Fork Flow System. 

Three flow 

. .  
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-.  :ne chemistry or‘ e m  flow system is distinctly different from that of the 
GTher f l o w  system. 
the 0043 and 0066 monitoring weils, without regard to the fact that they are 
completed in different fiow streams with different degrees o f  1 ithologic 
heterogeneity (the Shanaon contains niore clay), one could conciude that the 
results are questionable. 

‘If a direct comparison of water chemistry is made between 

The allegations in the NOV invoive the current RCRA Groundwater Assessment 
Program for Waste Pit 4, as defined by the RCRA Grounawater Quality Assessment 
Program Plan (GQAPP) for Waste Pit 4. 
comparison o f  water quaiity for assessment monitoring is not a regulatory 
requirement? but it is a requirement of the GQAPP. This method of evaluation 
was selected to aid in the determination o f  rate and extent of contaminant 
migration. which i s  a requirement of an assessment monitoring program. In the 
February 4, 1992. letter, the Ohio €PA expressed concern over the FEMP’s 
determination of the rate and extent of migration based on statistical 
methods. ind recommended that best professional judgement be employed in the 
determination. 

An upgradient to downgradient 

To resoive this cmcern as we71 as the concern with the use of the 066 cluster 
as upgraaient weils, the FEMP proposes to immediately emDloy a time versus 
concentration tracking method as part of the RCRA GqAPP instead of the 
upgradient to downgradient tests. 
tests performed as part of the GQAPP in the past were instrumental in 
identifying the contaminants of concern, and best professional judgement has 
been successfully employed to determine the extent o f  contamination. 
upgradient to downgradient comparison of water qual i ty i s  therefore no longer 
necessary. The time versus concentration method will better identify changes 
ana trenas in contaminant concentrations. 

The FEMP believes that the statistical 

The 

On Decenber 20, 1991, the FEMP submitted to the Ohio EPA the RCRA Groundwater 
Monitoring Plan (GMP), which identified groundwater monitoring for eight 
potential units at the site. 
discussion with the Ohio EPA. 
concentration tracking method and comparison of water quality to action levels 
in place of an upgradient to downgradient concentration comparison. 
proposes to begin the time versus concentration tracking immediately as part 
of the GqAPP. . -  

The status of these units is still under 
The RCRA GMP proposed the time versus 

The FEMP 

This letter will be enclosed as an addendum to the GQAPP as documentation that 
notification was made to the Ohio EPA and United States Environmental 
Protection Agency (U.S. EPA) as to a modification of the GQAPP. 

DOE-FEMP staff are available to meet with Ohio EPA, Southwest Oistrict Office 
(SWOO) representatives to further discuss the enclosed report and assure that 
Ohio €PA, SWDO concerns have been adequately addressed. 
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-: :IOU nave any questions, Please contacr: Ed Skintik at (513)  738-6660. 

Sincerely, 

3 4  : S k i  nt i k 

Enci osure: As Stated 

cc w/enc. : 

<. A .  Hayes, EM-424, TREV 
2 .  A .  Saric. USEPA-V, HRE-8J 
R. Benaul a. OEPA-Dayton 
G. E. Mitchell, OEPA-Dayton 
2. Pardi. CEPA-Dayton 
'.'. Pro i f i t t ,  OEPA-Dayton 
- .  Schnelder, OEPA-Dayton 
L.  S. Farmer, WEMCO 
V .  A .  Frank1 in, WEMCO 
1. P .  Hopper. WEMCO 
E. D. Savage, WEMCO 
A R  Coordinator, WEMCO 

R. E. Tiller 
Man ag e r 
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'1. J. Fermaintt. COE, FW 
;;. S .  S i d l e ,  DOE. ORFO 
3. d .  Brettschneiaer, l4EMCO 
2 .  2 .  C u r ,  'IIEMCO 
<.  A .  f l i c k e l ,  WEMCO 
:. K. Rogers, YEMCO 
.2 .  11. Sattler, WEMCO 
5.  G. Schneider, YEMCO 
3. J. Smith, WEMCO 
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Repon on the Suitability oi hlonitoring Wells 2066 and 3066 
For Determining Background Water Quality 

In the Shancion Flow System 

Introduction 

The Ohio EP.4 has requested that the US DOE document the suitability of Monitoring 
Wells 2066 and 3066 for determining background water quality in the Shandon Tributary 
of the Great Miami Aquifer (OEPA, February 04, 1992). This report is presented in 
response to that request. Since the suitability of the wells was alleged to be a violation 
of OAC 3745-65-91(A)(l)(a) and (b), this report will also explain why these wells were 
chosen to be used for the RCRA Assessment. 

Background 

The Fernaid Environmental Management Project (FEMP) is an €PA Nationai Priority 
Listea Site (NPL) under the Comprehensive Environmental Response Compensation and 
Liability Act (CERCLA). A CERCLA Remedial Investigation and Feasibility Study 
(€UfFS) is ongoing at the site and includes Waste Pit 4. Waste Pit 4 received 
radioactive waste containing Barium Salts from 1980 to 1983. R C W  is considered an 
A p p b b k ,  Relevant and Appropriate Requirement (ARAR) of CERCLA cleanup 
activities. 

Three flow systems within the Great Miami Aquifer converge in the vicinity of the 
FEMP. The chemistry of groundwater in each flow system is distinctly different from 
that o i  the other flow systems. Because of the heterogeneity of upgradient groundwater 
chemistry, it is not possible to derive a single representative background water chemistry 
for the Great Miami Aquifer. Background water quality is therefore divided into the 
Ross. Dry Fork and Shandon Groups. The RUFS issued a Draft Groundwater Repon 
in 1990 that interprets groundwater quality upgradient of the FEMP (DOE, 1990). 
Sections 15.1 through 15.2 of that report address background water quality and are 
included as Appendix 3 to this report. 

Monitoring Wells 2050,2056,2066,2105 and 3066 are completed in the Shandon Row 
System, upgradient to the FEMP Waste Pit Area. Monitoring Wells 2066 and 3066 were 
installed on 08-21-87 and 09-22-87 respectively as part of the CERCLA WFS 
investigation for the purpose of determining the nature and extent on any contamination. 
Construction of both wells was done in compliance to the USEPA approved RYFS 
Quality Assurance Program Plan (QAPP). 
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Tney were seiecuxi for use in the RCRA Assessment Program as background weils for 
he Shanaon Flow System because it can be documented that they are suitable for use as 
c zrounawarer monitoring weus. .Ill of the other upgradient wells completed in the 
Shanaon Flow System are private weils. 

Row Systems Beneath the Waste Pit Area 

The Waste Pit Area is located very close to where the Shanaon How System and the Dry 
Fork Row system converge. Potentiometric surface constructions indicated that flow 
beneath Waste Pit 4 originates in the Shandon Flow System. Therefore monitoring wells 
2066 ana 3066 were selected as the background wells for the RCRA Assessment 
Program. 

Observations drawn from the interpretation of groundwater elevation maps indicate that 
some component of flow beneath Waste Pit 4 could also originate from the Dry Fork 
Tlow System. Thererore ?donitoring Wells 20.43 and 3043 are a is0  included in the 
ZCIW Assessment for determining background water quality in the Dry Fork Flow 
Svstem. If a direct comparison of water chemistry is made between the 0043 and 0066 
well clusters. without regard to the fact that they represent different flow systems, one 
mould conciude that the results are questionable. Water quaiity data collected from the 
upgradient monitoring wells is provided in Table 1 as an average and standard deviation. 

Statistics were not calculated for the following parameters because the data was primanly 
composed of non-detect values: aluminum, antimony, beryllium, cadmium, chromium, 
cobalt, copper, cyanide, lead, mercury, molybdenum, nickel, nitrate, phenols, selenium, 
silver, thallium, and vanadium. 

x comparison of groundwater chemistry between the three tributaries, using the average 
concentration of 30 metals and water quaiity parameters, indicates @at the Shandon Flow 
Svstem has the highest averages of 18 metals and water quality parameters, including the 
highest chionae, iron and specific conductance averages. This comparison indicates that 
the Shanaon tributary contains naturally higher concentrations of many parameters. 

A comparison of the groundwater chemistry at monitoring wells 2066 and 3066 with the 
water chemistry determined from the other private wells in the Shandon tributary indicate 
that Monitoring Well 2066 has concentrations of potassium, sulfate, and TOX that exceed 
the RYFS determined background average by more than two times standard deviation. 
The comparison also indicates that Monitoring Well 3066 has concentrations of arsenic, 
calcium, chloride, specific conductivity, iron, magnesium, manganese, phosphorous, 
potassium. sodium, sulfate, TOC and TOX that exceed the WFS background average 
by more than two times the standard deviation. 
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Tiis comparison icaicates that hionitorins .Wells 2066 ana 3066 n3ve higher 
concentrations or many parameters than other background weiis in the Shancion Flow 
System. 

Ongoing Work 

The hvdrogeology and water quality of the Shanaon Flow System is stdl being addressed 
in the RUFS. This work wiil also be used in the RCRA Assessment Program if 
appiicable. Specifically, completion records indicate that lithology of the Shancion Flow 
System is more heterogeneous than the lithology of the Dry Fork Flow System. 
Appendix 1 contains installation records for monitoring wells 2066 and 3066.. An 
interpretation of the lithology of the Shandon Flow System, made from soil classification 
records. is also included in Appendix 1. Monitoring Well 2066 has a 19 foot sand pack 
and is completed in a 4.5 foot thick sand lens. Monitoring Well 3066 has  a 12 foot sand 
pack and is completed in a 18.5 foot sand lens. Comparatively, boring logs for 
Monitoring Wells 2043 and 3043 indicate a 90 foot deposit of sands and gravels 
consistent with other boring io_es in the Dry Fork. 

Water elevation data collected in Monitoring Wells 2066 and 3066 are provided in 
Appendix 2. In the Dry Fork Flow System, the potentiometric head difference between 
the 2OOO series and the 3000 series is in the range of 0 to 2 feet. The potentiometric 
head difference observed between monitoring wells 2066 and 3066 is typically 15 feet. 
This large pressure difference indicates that flow between the two sands are independent 
of each other. 

The water elevation in Monitoring Well 2066 is usually 12 to 15 feet higher than 
neighboring 2000-series monitoring wells screened in the Dry Fork Flow System. The 
water elevations recorded in 3066 are consistent with water elevations recorded in 3000- 
series monitoring wells in the Dry Fork Flow System. The RI/FS is in the process of 
installing additional wells east and southeast of the 0066 weil pad. Data collected from 
the instailation of the weils wiil be used to better define the heterogeneous nature of the 
aquiier lithology in the area. 

Water elevation data collected from the weils wdl be used to better define a 
potentiometric surface for the area, and water quality data collected from the wells will 
be used to better define the groundwater chemistry in the area. The wells are being 
instailed and completed according to the USEPA approved RYFS QAPP. Therefore, 
upon completion, records will exist that will document the suitability of these wells for 
the collection of groundwater sampies. 

3 
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?ammeter 

a d c  
barium 
d c i u m  
chloride 
specific 
conductivity 
fluoride 
iron 
magnesium 
man3anese 

phosphorous 
potassium 
d i u m  
suifate 
TOC 
TOX 
zinc 

PH 

TABLE 1 
S u m  Water Quaiitv Statistics tn RCRA Upgmiient M O I U ~ O M ~  Wells 

(average mnwtraooas rtxx~med in ppm) 

MonitoMg ‘Well 2043 Monitoring Well 3043 
standard deviation average standard deviation averaze 

*kc 

0.200 
97.91 
38.71 

353.6 
0.4993 
0.6835 
33.84 
0.2044 
7.086 
0.83 
1.68 
3 1.643 
78.879 
7.005 
*I* 

*** 

0.0108 
0.0806 0.2815 
21.12 79.81 
16.19 18.73 

i l k  

317.8 
0.1034 
0.4855 
7.4533 
0.0893 
0.241 
1-23 
1.27 
10.718 
66.472 
4.909 
**I 

*I* 

567.7 
0.3407 
2.9987 
24.98 
0.0583 
7.268 
0.40 
1.38 
20.586 
20.483 
6.588 

0.0281 
*** 

0.0242 
0.0439 
22.89 
9.39 

93.3 
0.1014 
0.9616 
4.7871 
0.0093 
0.142 
0.08 
1.21 
5.553 
44.604 
4.530 

0.0 1296 
c*c 

*** - The number of nondetects in the sample population was greater than the number of detected 
results. therefore an average and standard deviation was not calculated. 

Parameter 

d C  

barium 
calcium 
chloride 

conductivity 
fluonae 
iron 

manganese 

phosphorous 
potassium 
sodium 
sulfate 
TOC 
TOX 
d n C  

SpeClfiC 

mapesium 

PH 

MonitoMg Well 2066 
averaee standard deviation 

0.0273 0.023 
0.2042 0.6721 

67.26 14.67 
67.97 3.40 

6%. 1 
0.8067 
1.3205 
25.390 
0.0373 
7.209 
0.22 
2.10 
49.508 
15.596 
7.819 
**c 
**+ 

179.1 
0.1814 
0.5185 
7.6335 
0.0171 
0.275 
0.13 
1.05 
5.515 
30.551 
5.260 
+** 
*# 

Monitoring Well 3066 
average standard deviation 

0.0705 0.0507 
0.4586 0.1831 
149.47 22.28 
549.00 221.78 

1621.9 
0.1763 
12.90 13 
43.107 
0.1257 
7.063 
1-04 
3.75 ’ 

261.231 
34.789 
13.129 
0.0465 
0.0288 

554.2 
0.0903 
7.226 
12.6678 
0.0650 
0.135 
0.36 
1.25 
92.483 
29.722 
9.361 
0.0353 
0.0497 

*I* The number of nondetects in the sample population was greater than the number of detected 
results. therefore an average and standard deviation was not calculated. 
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j O R I L L I N C  METHODS: X L E - T O O L  j PAGE i 

a i  5 U V  I 
f l  s 
C B  F 
S O  

L 

STIFF 8RWN SILT, T l A C E  F I N E  SAND. ML Y/A 

STlFF BRDVN S I L T Y  CLAY, iRACE F i H E  SAUD. EL 1 I i 08/25/37/ 07001 1 5 2 1 1 i L  I 1 1 3.01 
! 
! 

I 1150 

I I i I MEDIUM S T I F F  REDDISH YELLOU CLAY - TRACE S I L T .  CL 
I a7002 I 1 .. ; “EDIUH S T I F F  C ! S i i T  G A Y  CLAY, X A C E  SAND AUD SILT. CL 

i I I 1 HEDIG’n STIFF L!CiHT GRAY CLAY, T lACE SAND AN0 S I L T .  CL 

iam/m ; * I  
> :  j 

. -- 
I ‘ I  

. .:;a 
: L . 5 1  

i 97003 I 1 ! 
08/25/971 2 ! !7 I 

SOFT L IGHT Y E L L W I S H  BROWN CLAY. SOFT L I G H T  GRAY S I L T ,  ;;ACE CL  
FINE SAND AND CLAY. 

ML W A -  
CL 
C t  

MEDIUM DENSE YELLOVLSH BRWN, CCARSE SAND, TRACE GRAVEL AN0 SQ M I A  1 
! ?EL0 10 i . 
i :5 .51 I : i  

07006 I 6 ! :5 1 S I L T .  ! o a m 1 8 7 1  7 

VERY S T I F F  Y E L L W I S H  RED SILT. S0HE SAND, TRACE CLAY. ML Y/A 
07007 I 6 REDDISH B R W N  SAND MEDIW DENSE CRAVE, TZACE SILT. SP Y/A 

1z.oi 

HI. Y/A 
SP N/A 

HARD GRAY SAUDY S I L T ,  TRACE GPAVEL. 
08/26/87/ 07008 1 L :$ ’ 1 17 LENS REDDISH B R W U  MEDIUM SAND, TRACE GRAVEL AND S I L T .  

1345 
13.5, 

STIFF GRAY S I L T ,  TRACE CLAY. HI. Y/A 
07009 2 S T I F F  DARK GRAY MEDIUt4 SAND, SOHE S I L T ,  TRACE GRAVEL. SI4 Y/A 

1630 6 
oa/t6/a7 4 9 

1s . a ,  
NOTES: 
SAMPLE SCANNED - BACKCRWND READINGS. DRfLLER - HARRY DYKES. ASSISTANT - TIM HARRIS. R I G  - C Y a O y f  42- 
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'TSUAL CLXSSIfICA7iCY OF SO!L 3065 = 
S 

u t  
S W  
C 8  s o  

L 

! 0 I S  R I  

' ! I ?  T H ( U  W I O C l  
I ; H I :  E E / S  P I V H l  

i i  W j Y  I 
I 

I CL 1 S T I F F  G A Y  CLAY, S24E SILT, i U C E  SAND AN0 GRAVEL. . 07010 i 3 

I I '  I I I  1 08/26/871 07011 1 8' 5 1 13 1 
1530 i m o i  3 8  

ML 1 ,  I I STlFF GRAY SILT, SiME CLAY, T'iACE GRAVEL. 
: X I 2  ! - ! 

; 5 L J  ? !  I 

: m 6 / a 7 1  5 I i i 
i9.51 

ML 
CL 

I I C7013 I S T l F F  GRAY S I L T ,  S a €  CLA!. T7ACE GRAVEL. 
; ! 0701L I 1 1  AARO G'iAY CLAY AN0 SILT, ,?.ACE C I A V E L .  
I , w 2 6 1 a 7 1  1 3  
I I 155s I 21.01 

I 20 j 22.51 

CL HARD G2AY SILTY CLAY, TRACE GRAVEL AND SAND. 

I 07017 I 20 1 1025 1 25 
o a m / a 7  : 5  12 

21.0 

07016 ! . 1 081271871 .I- "C5 ' ?! is 1 12 1 
2L .01  i I I  

i 07018 I 9 
08/27/87[ 19 1 13 1 I l l l o  26 

25.5 1 



SAWCE SUUUFD - !ACKWOUNO READIUGS. X H P l E S  TAYEN WITH SANTOARD SPLIT S P M Y  SAMPLER - 2.0” 0.0. D P l U  * i , DYKES. ASSISTANT - ::n HARRIS. :IC - CYCLONE G. 
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306- iiYUAL C ; I S S I f i U T I C N  OF SOILS 

I PACE 4 

' S  
U Y  T 

C B  F s o  
L 

5 1  t 

0 E I R S I  
I Y  I 

CL 
dAR0 CZAY S I L T Y  CLAY, T7ACE G A V E L  AND SANO. CL 
HARD GRAY C L I Y .  S U E  SILT A N 0  GRAVEL. ;:ACE SANO. I 

07026 1 ;3 
! 08/27/871 17 13 

31.51 

I 
I 07025 1 5 i 08/27/871 7 10 

CL VERY STiFi CZAY S I L T Y  CLAY, TXACE SANO AN0 GRAVEL. 

33.01 

f '  07026 I 1 :3 1 I VERY DENSE sziauc 6aouw SAND, T Z A C E  GAVEL AGO SILT. SP N/A 

:3/27/:71 - 5  1 '5 j 
'559 1 -5 I 

1 34.51 I 
I VERY OEYSE STXOWG GROWN SAND, i;iACE GZAVEL. SP N/A i 57027 : L  I C8/28/871 5 1  12 

2FOO 1 
36.01 I 

t 
i 

VERY CEHSE 5i20NG a R W N  SANOY CZAVEC. :;ACE CLAY. CP N/A 
HARD CXAY S I L T ,  ;?ACE CLAY AND SANO. ML Y/A 

4 1 . 5 1  

I c5.01 

1 40TES: 

of 

a 
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, i S U A L  CLASSIF1CATICU OF SOILS 

I a 3ARD CZAY S I L T .  ;;ACE CLAY AND SAND, LENS CZAY CLAY. i 07029 I 18 I ' , 08/31/871 i5 I ; 7  

C6.S I ' 0 8 5 0 1 ' 7 1  i 

50.01 I I I  

OF30 , ' 3  I 

I HARD GZAY CLAY, TZACE S I L T .  
' 9ARO GZAY SILT, :=HE SAND, TZdCE CLAY. 07030 I L 1 

33/31/871 2 3  I ' 5  ! 

5 1 . 5 1  I 

! 55.0;  

i 1 1  
i I  I i /  

VERY STIFF GRAY SILT, SOME S A W ,  T I A C E  CLAY. 
VERY STIFF GRAY CLAY, SfflE SAND, TZACE SILT. 
HEDIUH DENSE GRAY SAND, TRACE CLAY, SWE SILT. 

07031 
i 07032 1 
! 08/31/871 
I 102s I 56.51 

i- 
I I 

NOTES: 
SAMPLE SCANNED - BACWGtCUND READINGS. L'ET SAND. D R I L L E R  - HARRY OYKES. ASSISTANT - TIM HARRIS. R I G  - C Y c m  
SAMPLES TAKEN Y l T H  STANDARD SPLIT SPOON SAMPLER - Z.0" 0.0. 
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I SOTTW O F B O R I N G  63 

noTEs: I ORIlLE2 - U A R W  DYKES- ASSISTANT - T ! H  HARRIS.  Z I G  - CYCLONE 62. SPLIT SPOON SAnPLES TAKEW YtTH S d  TU I 2.0" 0.0. 
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1 
0 nt 
F 

1 .s 

3.0 

0.2 

NOTES: 
SAWPLE SCANNED - SACKCIUJND RSAOlNGS. 5EE LOG FRM UELL $266 FOR OESCRIPTICN OF FIRST 62. IIG - CTnONE 42. D - UARRY GYKES. ASSISTANT - I IN HARRIS .  5ACKGRWND REAOINCS - dWU-ZEZO, ALPHA-0 CCUNTS/HlN.  BETA/L&XW 60- 
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9 1  

1 I E E I  

j !  
j 070L7 I MEDIUM OENSE DARK G U Y  FINE C2AINEO S A W ,  TRACE CLAY IUD SILT 
' 070L6 i 7 i 1 - bET. 

' 
; ! 09/171871 o a m  7 ,  I i 8  I GZAY C L A Y ,  i7ACE SANO AN0 SILT. 

1 91 .SI 

HARD DRY tLAY,U SOnE S I L T ,  i2ACE SAY0 - DRY.  

G6.5i 

I 

5 
U Y  1 
f W  5 
C B  F s o  

C 

L 

SP 0.2 

CL 

CL 2,s 

PAGE 160 

I ! YARD C7AY SILT, S . 3 E  CLAY, 1;IACE SAND - 3 R Y .  ML 
' 070CO 9 

,105.01 

.Is 

i 
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I 07056 I 1 HARD GRAY CLAY. X A C E  S I L T  - M3IST. 

! 09/18/871 
1 1 07057 ! ;2  1 1 DENSE G A T  SAND. S . Y E  CLAY - Y O I S T .  

: b  1 :8 I CENSE DARK' W A Y  SAND, S W E  CLAY, ::ACE GZAWEL - KOlST. 
~121.51 

1125.01 

! ' w181a71 i 5  I :a I 

: 2 5 . 5 !  ! 

I 

VERY DENSE G2AY SAND. TRACE GRAVEL, T2ACE CLAY, GET,  MEDIUM 
CRAIY  S I Z E .  

3 2 0  : 531 I 

PAGE 1CZ 

Cl 2.0 
SP 1.0 
N 0 3  

sy 0.2 

W 
' 

! VERY DENSE ,GAY C Z X S E  SAND, SCnE GRAVEL - & T .  

151.5 I 

0.3 



1 I HARD DARK GRAY SANDY CLAY, TZACE S I L T  - HOIST. 1 .O 
, 07063 I 9 
:91ta/a71 - 2  I a t !  I . ^  ! 

I I 
'515 7 1  

'-:.5l I 

I I 
i 

GRAY SAUDI  CLAY - "OIST. CL .E 
HARD, GAY CLAY, SWE SILT - n o i s .  

I i so .o i  1 
UOTES: 
SAMPLE SCXWUED - ?ACKGRUJUD-READINCS. S E E  LCG FRW WELL 2266 FOR FIRST 62. R l G  - CYCLONE 4 2 .  D R I L L E R  - WARR 1 ASSISTAUT - TIM HARRIS. I A C K G ~ W U D  - nNU - ZERO, ALPHA - 0 C U J I I T S / R I N . ,  6 E T A / W A  - 40-80 CwYTf/MIN. 
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% X I N G  kLwBER: 1:s I X f i D l Y A T E S :  NCRTR L83.951 . Z i  EAST :.!:5.756.iCi DATE: 09/16/87 

-. 
! 09/19/871 i i 1250 

; 152.01 

SOTTW OF BORING 1 5 2  

! NOTES: 1 SHELBY TL'3E. 
I UELL t 2 ~  FOR FIRST 62. ;IC - CYCLONE C L .  CXILLER - ~ A R R Y  DYKES. ASSISTANT - iin HARRIS. HOLE TO 150 - snt 
: TAKEN FiOn 150 TO 1 5 2  

DESCRIPTION EASED ON P R E V I F S  SAMPLE AN0 CLASSIFICATION OF SOILS OBSERVED A T  ENDS OF TlJBE. 1 



! 
VERY STIFF, CZAYISH-BROW CLAY (2.5Y, 5 / 2 )  DAAP. ! 

I S T I F F .  LiGHl OLIVE-BROW CLAY (Z.SY, 4 / 4 1  WITH A T2ACE OF VERY ' ! ! 07616 I :1 1 I FlNE G A V E L .  :AMP. 
: z m / a 7 1  :: ! :? 
;a35 :c I ' 

: L . j i  ! i i  

SOFT, i : C i l T  OLI'dE-BROWN CLAY ( 2 . 5 Y ,  5/6) SILTY AND DAMP. 

I ! 0840 ; 10 
! 6.01 

VERY S O F T ,  LIGHT O L I V E - B R O W  CLAY ( Z . s Y ,  5/61, F A I R  M O U N T  O F  1 I 07618 1 3 MOISTURE Warn. 

1 7.41 

12fQCl871 :i 9 
0850 7 

I VERY SCIFT, LIGHT OLIVE-BROUN CLAY (2.5Y. 5/61, FAIR AMOUNT OF 
07619 I :O noisiux NOTED. 

lZ/OC/871 i o  I8 

9.01 

UEDIUM STIFF, CL;VE-YELLOY CLAY (2.5Y, 6/81 DAMP. 
STIFF OLIVE-BROUW CLAY (2.SY, 6 / 4 1  MOIST. 

I ' 07620 I 7 

! ' 110s 11 
, :0.51 

j . j 12/0L/871 8 

07623 I 11 I lUl;/87i 1; 18 

15.0 

MEDIUM STIFF, LIGHT OLIVE-BROWN CLAY (2.SY 
STIFF, DARK GRAYISH-BROW CLAY (2.5Y, 6/21: 

S/6) DRY. 07621 1 12 

I 1120 13 
l2/O6/871 11 18 MEDIUM DENSE, ?!:HT OLIVE E R W Y  SILTY SAND (2.5Y, 5/61 D U P .  

I 12.01 I 

VREY STIFF, DARK GRAY CLAY (51,  4/11 WITH A TRACE OF FlNE 
GRAVEL, DAMP. 

MEDIUM DENSE, LIGHT OLIVE BROWN SILTY SAND (2.5Y, 5/61, DAMP. 
MEDIUM DENSE. GZAIISH-BROUN SAND (2.5Y 07622 1 3 

1130 1 C 

5/21. 12/04/87! 7 18 MEDIUM OENSE, LISHT OLIVE-BROWN SAW0 (i.SY, 5/61. 1 13.5 

CL 2.0 
- 0  
a - 0  
6r 8 2c 

CL 1.5 
CL 1.5 H n r  0 

6r = 21 

SM U/h a 8 0 

rn 21 

DRILLING CCWTRACTCR: PENNSYLVANIA DRILLING, DRILLER: TIM HARRIS ,  HELPER: CRAIG tOULTER. SAMPLES V I A  WSELL COL ASTW. 
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5 3 I S  8 I 
, i 1 A D  T L S ( E 1  U Y  1 

i j  I N  1 ' 1  I 

: ? i M !  1 1 0  A I C U l  5 1  s 
1 2  I N  u M I O C I  C B  F s o  il J L  E E /  S P ! V H i  

L ! E  I ' I E E l  
1 0  i I R S I  

. -  
: I  

c A a K  G.?AYISH-SROVW (i!.5Y, 6 1 2 )  CLAY, $ L I G H T L Y  S I L T Y ,  CL 1.5 

I S T I F F ,  CAXK GZAYISH-BROW (2.5Y, L i 2 )  CLAY, S L l C H T L Y  S I L T Y ,  CL 1.5 
I 12/06/871 8 12 MEDIUM OEHSE, CXRK GRAY SD (SY, & / l ) ,  S I L T Y  WITH SOWE GRAVEL. sp W/A 

1 :a.ol 

' j 1 07625 I 7 DRY. 

1.55 
I I 1550 

I I CL ! I  1 1 i S T I F F ,  C::VE GRAY CLAY ( 5 Y ,  S / 2 )  W I T H  A TRACE C F  GRAVEL, m. 
! ,27625 ! 5 
, !i/O5/371 7 7 : 3  1 

I I  

i 

:530 . 3 ! i 
' 3 .51  ! 

I 1 S T I F F ,  %:YE GRAY CLAY (SY, 5/21 U l T H  A TRACE OF CXAVEL, ZRY. 

PAGE 121 

R U  

- 0  
e = O  u = a 

- 0  
e = 0 = 21 

nnrr o 
a = O  
8r = 5f 

07626 I 3 1 
iz/i5/e71 :: 6 
QPLL ~ 16 

i 22.51 ! 
I 

I 26.0 

GC W A  
- 0  
a = O  
6r=U 

UEDIUU D E N S E ,  C L I V E  G l A Y  CLAYEY GRAVEL ( S Y ,  5 /21 U I T H  SOWE 
COARSE G2AVEL AND ROCK FRACnEHlS, MOIST. 

HARO. 9ARK GZAY CLAY (SY, 4 / 1 1  U I T H  A TRACE OF FIHE TO COARSE 
I b I W O  
e = O  
Br = 20 

GRAVEL, CAMP. 

CL 
GC 

! S T l F F .  G A Y  CLAY ( 5 Y .  5/11 U I T H  A TRACE OF GRAVEL 
VERY DENSE. Z A Y  TO DARK GRAY GRAVEL ( 5 Y ,  S/ l  TO L / l ) ,  CLAYEY 
1 W  PARTS, .ET.  

CRY. 07770 I 17 1 1 I 12/05/871 22 
:32C 31 

2 5 . 5 1  I I 1  

' 
' 

I 
VERY DENSE. G A Y  TO DARK GRAY GRAVEL ( S Y ,  5/1 TO fs/l) ,  CLAYEY . 
I N  PARTS, WET. Gc 

1 27.0 ,  

VERY DENSE, t 2 A Y  TO DARK GRAY GRAVEL ( 5 Y ,  5/1 TO 4/1), CLAYEY 
I N  PARTS, YET. GC 

12/0S/87l 17 18 S T I F F ,  DARK GRAY CLAY (SY, L / t )  U I T H  A TRACE OF CRAWL.  CL 

STIFF,  DARK G A Y  CLAY (2.5Y, N/L) U t T H  A TRACE OF GRAVEL. CL 

28.51 

12/05/871 1 1  15 

I 30.01 

1.5 

a = O  
0r = 20. 

NIA 0 

N/A 
- 0  
a 8 0  
8r = 20- 

nnr 0 
1.9 a = 0 

W 8 20- 

1.5 
- 0  
a = O  
Br 20-1 



E L I E E i  
I 0 E ! R S  . .  

i I N  j Y  , 

! I '  

I VER! U l l l l  I tu 1 12/05/87! 22 - -  I /  1657 i 33 
1 L 1 . 5 1  I 

1 I 1  I ;  
I 1 LS.01 

5 
U Y  T 
s w  s R E W  
C B  F 
s o  

CY I "' 
H n ~ c  Q 
a = Q  1 a r = a  

- 0  
a = O  
8r = Lo- 

\ 
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S . ! S  ! a  . ?  I 

U Y  1 

i T ? 1 W I Y  W I C C I  C B  F 
j s o  

i i  

- 4 0 7 1 1  S l E i i  

H j L  i E ! S  P ! V H I  
L I E El 

0 E I a . 5 1  

! I W  h 1 1 0  A I C N I  s w  s 

L 

I SY n/A 
I Y j Y  I 

' 07778 I :1 1 ! 
s VERY CENSE,  YELLWISH-OROUN SAWO ( I C Y R ,  5 , ' S ) ,  ;AMP. 

' E  

j 

1 1 1 2 / 0 7 / 8 7 !  23 I :5 I 
30 I j 

\ I  1 j i  i i  I 1  

i I DENSE, YELLCUISH-ERWW SAM0 ( l O Y R ,  516) .  su n/A 
1 DAMP BUT MOT SATURATED. SU N/A O n E O  I 12 

1032 ' 29 I FAIRLY MOIST.  
1 2 / 0 7 / 8 7 )  23 i i 8  I VERY OEWSE. SARI( GRAYISH-BROUN ( Z . S Y ,  C / 2 )  SANO, C t A Y  SAND 

55.51 ! : !  

I NOTES: I ORILL!NC C3iTRACTOR: 
I ASTM. 

PEHWSYLVAUIA D R I L L I N G ,  D R I L L E R :  T:!4 HARRIS,  HELPER: t 2 A I C  CtULTER.  SAMPLES V I A  M S % L  Ec 



! H ! C  E E I S  P V H I  

i N ! I  I 

L i E E !  ! E  
0 E I R S I  

! 

I ' VERY SENSE. ;A?K GZAYISH-BROUN SAND ( 2 . 5 7 ,  L / 2 ) ,  'LET. SU N/A I 
om5 I 50 VERY DENSE, DARK GZAY ( 5 Y ,  4/11 CLAYEY GRAVEL. GC W/A 

I 71.51 

C 8  F s o  
L 

OF - 

I l l  I 

! !  1 75.01 

I NOTES: 

RO 

I DRILLING CCNTRACTOR: , ASTY. 
PENNSYLVANIA DRILLING. DZILLER: T I M  HARRIS, HELPER: C R A I G  CWLTER. SAMPLES VIA -SELL Cr 

PACE 124 



I :  1 ! VERY DENSE. i E 2 Y  OARY G A Y  SAND W I T H  S W E  F I N E  TO CCARSE om I ‘ 9  I CBAVEL ( 5 7 ,  3/11. 

, 1 76.51 t I I 
DENSE. “ClLTICOLORED (ZROUW. G A Y S ,  * H I E ,  BLACK) LCOSE, POORLY W H/A 
CPAOED F I N E  T O  COARSE CilAVEL. 

‘ 2  
* %a “ I  

31.5: 

I 
I 
I 

I 
I 25.01 I 

GU W/A 
VERY DENSE, CAPK GRAY SILTY TO CLAYEY GRAVEL ( S Y ,  &/l). 01 N/A 

I WULT;ZLC2ED G A V E L .  ;EN A / A .  

86.51 

j 90.0 

j NOTES: 
D I L L I N G  C3TRACTCR:  PENNSYLVANtA D R I L L I N G ,  D71LLER: T:M HARRIS, HELPER: CRAIG COULTER. SAMPLES VIA WSELL C I ASTY. 

PACE ;is 

, 



1 

I I 1  '00.01 r '  

I I 1  I I108.01 

VERY DENSE, DARK G2AY SAND tSY, L / l ) ,  SILTY WITH A TRACE OF 
CLAY. Y( YIA  om0 I 

I I 1  1 115.01 

MEDIUM DENSE. ELUISH-GREEN TYPE OF SAND (NO MUHCELL CCLOR 
CHART CORRELATION), SILTY AND SLIGHTLY CLAYEY. om1 I 1 1 1657 I 9 

,116.5 > 

JERY DENSE. O A R I  CZAYISH 8 R W N  SAND ( 2 . 5 Y  LIZ). 
n n r p b  
a = G  
W f . 4  

, 3m9 I VERY DENSE, DARK CPbYISH-BROYW SILTY ZANO'(Z.~Y, L/2). 

1 1137 i 
I 101.5 I 

I h P O  
a 8 0  e 8 41 

- 0  
a 8 0  

8 3c 

Om3 I 2 
im;/a71 ; 

126.5 

1 I 

: MEDIUM DENSE. SLUISH-GREEN SAND UITH SWE GXAVEL, ,;ET CLAYEY. 

a 1 0  
W = 30 

3mt i I ' 
12/09/87 

120.5 

e1 .O LOOSE. OLIVE-GRAY SILTY SAND ( 5 Y ,  5/21. 
SOFT, "SLUE-GRAY" CLAY. 
(NO MUNCELL COLOR CORRELATlON) CLOSEST CORRELATION IS (SI, W n r O  

8 f . 0  18 
6/11. Wm40 

~ ~~- 
8OllW OF BORING 120 

NOTES: I DRILLING CCNTRACTOR: PENNSYLVANIA DRILLING, DRILLER: TIM HARRIS, HELPER: CRAIG CWLTER. SAMPLES V I A  -SELL COl I ASTR. 
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DATE TOP TOP WATER WATER 
‘JELL1 MEASURED OF OF RE€ LEVEL LEVEL 

WELL CASING POINT ’VtEASURED (AMSL) 

I645 
I645 
1645 
1645 
t645 
1645 
1645 
1645 
1645 

1646 
1646 

2310 
‘-310 
ZG10 
:010 
2010 
2010 
2010 
2010 
2010 

2013 
201 3 
2013 
2013 
201 3 
201 3 
2013 
2013 
2013 

2019 
2019 
2019 
2019 

2021 
2021 
2021 
2021 
2021 
2021 
202 1 
202 1 
2021 

2027 
2027 
2027 
2027 

0 1 I 19/91 
02/21/91 
06/04/9 1 
07/3O/9 1 
08/29/91 
0912019 1 
1 1/02/9 1 
10/05/9 1 
12/14/91 

11/02/91 
1Y14191 

0 I/ 19191 
02122’9 1 
06/O4/9 1 
07130191 
0812919 1 
09/20/9 1 
11102’91 
10/06/9 1 
12/14/91 

Oll20/91 
OY23’9 1 
0312Q191 
05130191 
07/27/91 
08/29/91 
1 1 /07/9 1 
10/02f91 
1 210919 1 

0 I/ 19/91 
oY21191 
06/04/9 1 
07l30l9 1 

01/19/91 
02/21/91 
06/05/91 
07/30/91 
08/29/91 
09/20/91 
11/02/91 
10/05191 
12/x5/91 

0 11 1919 1 
OZ22‘9 1 
06/04/9 1 
07130/91 

583.94 
583.94 
583.94 
583.94 
583.94 
583.94 
583.94 
583.94 
583.94 

585.34 
58S.34 

584.09 
584.09 
584.09 
584.09 
584.09 
584.09 
584.09 
584.09 
584.09 

589.77 
589.77 
589.77 
589.77 
589.77 
589.77 
589.77 
589.77 
589.77 

584.81 
584.81 
584.8 1 
584.81 

584.86 
584.86 
584.86 
584.86 
584.86 
584.86 
584.86 
584.86 
584.86 

585.55 
585.55 
585.55 
585.55 

584.63 
584.63 
584.63 

584.63 

584.63 
584.63 

584.63 
584.63 
584.63 

585.85 
585.85 

584.62 
584.62 
584.62 
584.62 
584.62 
584.62 

584.62 

584.62 
584.62 

590.45 
590.45 
590.45 
590.45 
590.45 
590.45 
590.45 
590.45 
590.45 

585.37 
585.37 
585.37 
585.37 

585.92 
585.92 
585.92 
58S.92 
585.92 

585.92 
58S.92 
585.92 

585.56 
585.56 
585.56 
585.56 

585.92 

Reference point I is Top Of Well; 2 is Top Of Casiag 

1 
1 
1 
1 
1 
1 
1 
I 
1 

1 
1 

I 
1 
1 
1 
1 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 

3.69 
3.60 
5.32 
8.20 
7.20 
6.56 
8.04 
16.01 
4.90 

23 -05 
17.81 

59.74 
59.38 
59.38 
61 -08 
61.78 
62.60 
63.90 
63.09 
64.72 

66.21 
66.42 
66.61 
66.69 
69.03 
70.13 
72.34 
71.09 
72.99 

60.78 
60.42 
60:ll 
61.60 

61.35 
60.90 
60.66 
62.02 
62.81 
63.64 
64.94 
64.04 
65.74 

61.19 
60.78 
60.57 
62.00 

580.2s 
580.34 
578.62 
57s.74 
576.74 

575.90 
567.93 
579.04 

562.29 
567S3 

524.35 
524.71 
524.71 
523.01 
522.3 1 
521.49 
520.19 
521.00 
519.31 

524.24 
524.03 
523.84 
523.76 
521.42 
520.32 
518.11 
519.36 
517.46 

524.S9 
524.95 
525.26 
523.77 

524.67 
525.02 
52S.26 
523.90 
523.11 
522.28 
520.98 
521.88 
520.18 

524.36 

521.98 
52355 

577.38 

524.n 



3 A T E  TOP TOP WATER WATER 
WELL X !vi EASURED OF OF REF LEVEL I55 

WELL CASING POlNT .',iEASURED (AMSL) 

5027 
2027 
2027 
3 2 7  
2027 

2037 
1037 
2037 
2037 
3 3 7  
2037 
2037 
2037 

3513 
,033 
,043 
2043 
'043 
1043 
2043 
2043 
2043 
1043 

'OS 1 
205 1 
205 1 
205 1 
'05 1 
205 1 
:os 1 
105 1 
:os 1 
io5 1 

205s 
2055 
2055 
2055 
2055 
2055 
2055 
2055 
2055 
io55 

2066 
1066 
2066 
2066 
2066 

0812919 1 
091 19/91 
1 1 lOU91 
10/06/9 1 
12/14/91 

01 / 19/91 
021229 1 
06/04/91 
08129191 
0912019 1 
11/02191 
10/06/9 1 
1 'J14l9 1 

0 1/18/91 
022619 1 
0312719 1 
0610 1 I9 1 
07/26/91 
0812319 1 
09107/9 I 
11/04/91 
10/07/9 1 
121029 1 

0 1 I1719 I 
02/26/91 
031 1819 1 
061 1419 1 
0712519 1 
08/22i9 1 
O9107I9 1 
1 1/0S/9 1 
10/0719 1 
12/05/9 1 

0 1/20/9 1 
OY2219I 
03/20/9 1 
06/05/91 
07/27/9 I 
0812819 1 
09112191 
1 1/07/9 I 
10103/9 1 
12/09/9 1 

o ~ /  18/91 
OY26/9 1 
03/27/91 
0610 1 /9 1 
07/26/9 1 

sass5 

sas.ss 
58S.55 

58S.SS 
585.55 

590.s4 
590.54 
590.54 
590.54 
590.s4 
590.54 
590.54 
590.54 

579.73 
579.73 
579.73 
579.73 
579.73 
579.73 
579.73 
579.73 
579.73 
579.73 

609.38 
609.38 
609.38 
609.38 
609.38 
609.38 
6Q9.38 
609.38 
W.38 
609.38 

588.22 

588.22 
588.22 

588.22 
588.22 
588.22 

579.88 
579.88 

579.88 

588.22 

588.22 
588.22 

588.22 

579.88 

579.88 

58536 
585.56 

586.09 
586.09 

59 1 
591 
59 1 
591 
59 1 
59 1 
591 
59 1 

550.06 
580.06 

580.06 
580.06 
580.06 
580.06 
580.06 
580.06 
580.06 

609.96 
609.96 
609.96 
609.96 
609.96 
609.96 
609.96 
609.96 
609.96 
609.96 

588.74 
588.74 
588.74 

588.74 
588.74 
588.74 

588.74 

580.38 
580.38 
580.38 
580.38 
580.38 

586.09 

580.06 

588.74 

588.74 
588.74 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

62.85 
63.64 
64.94 
64.16 
65.80 

66.49 
66.06 
66.50 
68.36 
69.25 
70.57 
69.72 
71.38 

54.71 
54.00 
53.90 
53.42 

55.21 
25.54 
57.02 
56.40 

54.68 

57.81 

86.27 
86.32 

87.20 

90.00 
90.41 
92.27 
91.59 
93.70 

63.96 
63.84 
63.91 
64.24 
65.84 
66.84 
67.3 1 

67.90 
69.68 

40.91 
40.71 
40.77 
40.71 

- 40.90 

86.07 

88.91 

68.98 

S 2 2 7 2  
52X.87 
520.61 
521.39 
519.7s 

524.W 
524.48 
524.04 
52218 
521.29 
5 19.97 
520.82 
5 19.16 

52s.02 
53-73 

526.3 1 
525.05 
524.52 
524.19 
SZ71 
523.33 
522.25 

525.83 

523.11 
523.06 
523.31 
522.18 
s20.47 

517.11 
517.79 
516.26 

519.38 
518.97 

524.26 

524.31 
523.98 

520.91 
519.24 
520.32 
518.54 

524.38 

522.38 
521.38 

' 530.97 
539.17 
539.11 
539.17 
m . 9 8  . 

Reference point 1 is Top Of Well: 2 is Top Of Casing 



3 A T E  TOP TOP WATER WATER 
OF OF REF LEVEL LEVEL ‘&ELL n’ !Tl€ASURED 

WELL CASING ?OINT !-fEASURED (AMSL) 

:c66 
2066 
1066 
:a56 
1066 

2084 
2084 
2084 
2084 
1084 
2084 
2084 
to14 

,543 
‘-543 
2613 
2643 
3 4 3  
2643 
2643 
2643 

2648 
2648 
’1648 
2648 
2648 
2648 
’,&a 
2648 
? 548 

2649 
2649 
2649 
2649 
2649 
2649 
2649 

3001 
3001 
3001 
3001 
3001 
3001 
3001 
3001 
3001 

3008 

oa123/9 I 
O9/07/9 1 
1 1/04/9 1 
10/07/9 I 
12lo2/91 

01 11 9/91 
OUZ1/91 
06/05/91 
07/28/9 1 
08/29/91 
11103191 
1 OI05/9 1 
lt/lS/91 

0 I/ 1919 1 
02/21/91 
06/05/9 I 
07/28/9 1 

11/03/91 
10/05/91 
1t/15/9 1 

0 1/’19/9 1 

oa129i9 i 

0 2 2  119 1 
06/03/9 1 
07/30/91 
0812919 1 
091 19/91 
1 1/02f9 1 
10/05/9 1 
12!15/91 

01/19/91 
02/21/91 
06i05/9 1 
07/3O/9 1 
1 110319 1 
10/05/9 1 
12/15/91 

01/19/91 
02/21 19 1 
06/05/9 1 
07/30/9 1 
08/29/9 1 
091 19/91 
11/02/91 
10/05/9 I 
12ll5/9 1 

GI/19/91 

579.88 
579.88 
579.88 
579.88 
579.88 

585.10 
585.10 
585.10 

S85.10 
585.10 
585.10 

585. io 

sas.10 

283.81 
583.81 

583.81 

583.81 

583.81 

583.81 

583.8 1 
583.81 

583.43 
583.43 
583.43 
583.43 

583.43 
583.43 

583.43 

577.77 

577.77 

577.77 

57.77 

585.67 
585.67 
585.67 
58S.67 
585.67 
585.67 
585.67 
585.67 
585.67 

583.43 

583.43 

577.77 

577.77 

577.77 

-576.76 

580.38 
580.38 
580.38 
580.38 
580.38 

585.49 
585.49 
585.49 
585.49 
585.49 
585.49 
585.49 
585.49 

584.27 
584.27 
584.27 
584.27 
584.27 
S84.27 
584.27 
584.27 

584.03 
584.03 
584.03 
584.03 
584.03 
584.03 
584.03 
584.03 
584.03 

578.25 
578.25 
578.25 
578.25 
578.25 

578.25 

586.01 

586.01 
586.01 
586.01 
586.01 
586.01 
586.01 
586.01 

577.76 

578.25 

586.01 

1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
I 
1 
1 
1 
1 

1 
1 
1 
1 
I 
1 
1 
1 
1 

1 
1 
I 
1 
1 
1 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

40.18 
M.W 
40.96 
40.96 
41.26 

60.58 
60.22 
59.95 
61.13 
62.02 
64.10 
63.09 
64.94 

58.95 
58.62 
58.26 
59.41 
60.30 
61.99 
61.40 
63.20 

58.59 
58.25 
57.94 
59.45 
60.25 
61.09 
62.3 1 
61.49 
63.24 

51 .8S 
51.52 
51.43 
52.09 
55.39 
54.64 
56. I5 

61.01 
60.63 
64.80 
62.05 
62.65 
63.41 
64.66 
63.84 
65.55 

53.11 

539.70 
538.98 
538.92 - 
538.92 
539.12 

52452 
524.88 
52S.lS 
523.w 

522.01 
520.16 

524.86 
52s.19 
52s.ss 
524.40 
523.51 
521.82 
522.41 
520.61 

524.84 

53.49 
523.98 

52s.18 , 

523.18 
522.34 
521.12 
521.94 
520.19 

525.92 
526.Y 
526.34 

522.38 
523.13 
521.62 

524.88 

525.00 
525.38 
521.21 
523.96 
523.36 
522.60 
521 .U 
522.17 
520.46 

524.65 

Referrace point 1 is Top Of Well; 2 is Tap Of Casing 



:008 
3008 
3008 

3 0 8  
3008 
3008 

3010 
910 
MI0 
3010 
3010 
1010 
3010 
:910 
:010 

201 1 
3 1  1 
301 1 
301 1 
301 1 

< 3011 
jOl1 
201 1 
101 1 
MI I 
301 1 
301 1 
j011 

91 3 
X I 3  
3013 
3013 
301 3 
3013 
3013 
3013 
3013 
3013 

3019 
3019 
3019 
3019 
3019 
3019 
301 9 
3019 
3019 

Ou22l91 
06/05/9 1 
0812919 1 
09/19/91 
11/02/91 
10/05/9 I 
12/14/91 

01/19/91 
o m 9  I 
06/O4/9 1 
07/M/9 1 
0812919 1 
09/20/9 1 
I 1 IOU9 I 
10/06/9 1 
I 2/14/91 

01 /I 6/91 
ou19/91 
022819 1 
0311 819 1 
05130/9 1 
06/15/9 1 
071251 9 1 
08/01/91 
08/21;91 
09/06/9 1 
11/06/91 
10/07/9 I 
12/Ozi91 

0 1/20/9 I 
0222'9 1 
03/20/9 1 
05/30/9 1 
0712719 1 
0812919 1 
09/09/9 1 
1I/a7/91 
10/02/9 I 
12/09/91 

01 /I 919 1 
02/21/9 1 
06/04/91 
07lM19 1 
08/29/9 1 
09120/91 
11/02/91 
10/06/9 1 
1U14/9 1 

576.76 
576.76 
576.76 
576.76 
,576.76 
576.76 
576.76 

587.84 
587.84 
587.84 
587.84 
587.84 
587.84 
587.84 
587.84 
587.84 

584. IS 
584. IS 
584.15 
584.15 
584. I5 
584.1 5 
584. I5 
584. IS 
584. IS 
584.15 
584.15 
584. IS 
584.15 

589.71 
589.71 
589.7 1 
589.71 
589.71 
589.71 
589.7 1 
589.71 
589.71 
589.71 

584.96 
584.96 
584.96 
584.96 
584.96 
584.96 
584.96 
584.96 
584.96 

5n.76 
sn .76  

577.76 
577.76 
577.76 

587.94 

577.76 
577.76 

587.94 
587.94 
587.94 
587.94 
587.94 
587.94 
587.94 
587.94 

584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 
584.33 

590.52 
590.52 
590.52 
590.52 
590.52 
590.52 
590.52 
590.52 
590.52 
590.52 

585.21 
585.21 
585.21 
585.21 
585.21 
585.21 
585.21 
585.21 
585.21 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

52.57 
52.48 
54.91 
55.51 
56.71 
55.88 
57.68 

63.80 
63.43 
62.92 
64.98 
65.86 
66.71 
68.00 
67.17 
68.00 

59.24 
59.01 
58.98 
59.00 
58.19 
58.21 
59.63 
59.80 
60.36 
60.62 
62.08 
61.52 
62.91 

66.23 
66.44 
66.62 
66.74 
69.03 
70.14 
70.50 
72.37 
71.11 
73 -02 

60.59 
60.28 
59.97 
61.42 
62.24 
63 -07 
64.32 
63.55 
65.19 

. .  

5x.19 
525.28 
522.8s 
522.25 
521 .QS 
521.88 
520.08 

524.14 
524.51 
52.02 
522.96 
522.08 
521.23 
519.94 
520.77 
519.94 

524.91 
525.14 
52S. 17 
s25.15 
525.96 
52x94 
524.52 
524.35 
523.79 
523.53 
522.07 
522.63 
521.42 

524.29 
524.08 
523.90 
523.78 
521.49 
520.38 
520.02 
518.1s 
S19.41 
51730 

524.62 
524.93 
525.24 
523.79 
522.97 
522.14 
520.89 
521.66 
520.02 

Reference point 1 is Top Of Well: 2 is Top Of Casing 
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WATER 

WELL CASING POINT !.lEASURED (AMSL) 
R E F L E V E L  

DATE TOP TOP 
'WLL n" !.lEASURED OF OF 

jO24 
3 2 4  
!024 
3024 
2024 
3024 
3024 
3024 
2024 
3024 

3037 
3037 
1037 
3037 
1037 
3037 
3037 
5037 

3043 
3043 
3043 
3043 
I043 
3043 
3043 
3043 
3043 
3043 

3055 
3055 
3055 
3055 
3055 
3055 
3055 
3055 
3055 
3055 

3066 
3066 
3066 
3066 
3066 
3066 

3084 
3084 
3084 

01/16/91 
OU19/9I 
031 1819 1 
05/30/91 
071ts/91 
08/21/91 
09/06/91 
11106191 
1 0107/9 1 
1UW91 

0111 9/91 
02/22/91 
06/O4/9 1 
08/29/91 
09/20/9 1 
11102191 
10106/91 
1 U14/91 

0 111 8/91 
02/26/91 
03/27/91 
0610 1 19 1 
0712619 1 
08/23/91 
09/07/91 
11/04/91 
10/07/91 
12/02/91 

01/20/91 
02/22/91 
03/20/91 
06/05/91 
07/27/9 1 
08/28/91 
09/lt191 
11/07/91 
1 0/03/9 1 
12/09/91 

02/26/91 
06/01/91 
07126191 
08/23/91 
O9/07/9 1 
11/04/91 

0 I/ 19/91 
02/21/9 1 
06/05/91 

58 1.83 582.09 
58 1.83 582.09 
581.83 

581.83 
581.83 

581.83 

581.83 
581.83 
581.83 
581.83 

590.27 
590.27 
590.27 
590.27 
590.27 
590.27 
590.27 
590.27 

580.18 
580.18 
580.18 
580.18 
580.18 
580.18 
580.18 
580.18 
580.18 
580.18 

589.01 
589.01 
589.01 
589.01 
S89.0 1 
589.01 
589.01 
589.0 1 
589.01 
589.01 

579.85 
579.85 
579.85 
579.85 
579.85 
579.85 

584.99 
584.99 
584.99 

582.09 
582.09 
582.09 
582.09 
582.09 
582.09 
582.09 
582.09 

590.75 
590.75 
590.75 
590.75 
590.75 
590.75 , 
590.75 
590.75 

580.40 
580.40 
580.40 
580.40 
580.40 
580.40 
580.40 
580.40 
580.40 
580.40 

589.37 
589.37 
589.37 
589.37 
589.37 
589.37 
589.37 
589.37 
589.37 
589.37 

580.36 
580.36 
580.36 
580.36 
580.36 
580.36 

585.47 
585.47 
585.47 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
2 

1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 

1 
1 
1 

S7.27 
57.21 
56.36 
S6.10 
57.70 

58.76 
60.3 1 
s9.79 
61 .u> 

66.20 
65.78 
65.78 
68.10 
68.96 
70.22 
€9.43 
71.09 

5507 
54.33 
54.22 
53.72 
55.02 
55.59 
55.93 
57.43 
56.77 

sa.% 

58.23 

64.94 
64.83 
64.89 
65.22 
66.78 
67.82 
68.28 
70.00 
68.88 
7034 

54.34 
53.74 
54.90 
55.52 
55.90 
57.32 

60.48 
60.10 
59.84 

52436 
524.62 
525.47 
525.73 
524.13 
523.33 
523.07 
521 5 2  
522.04 
520.89 

524.07 
524.49 
524.49 
522.17 
521.31 
520.05 
520.84 
519.18 

525.1 1 
52S.U 
525.96 
526.46 
525.16 
524.59 
524.25 
522.7s 
523.41 
522.17 

524.07 
524.54 
524.48 
524.1s 
52239 
521 .55 
521.09 
519.37 
520.49 
518.83 

525Jl 
526.1 1 
524.9s 
524.33 
523.9s 
522.53 

524.5 1 
524.89 
525.15 

Reference point 1 is Top Of Weli; 2 is Top Of cadng 
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15.0 GROUNDWATER QUALITY 

This 3ecuux1 addresses b e  groundwater quality of the glaciai overburden perched zones aad the 

Grmt Miami Aquifer. n e  objective of this section is to determine whrch. if any, chemiai 
comtitueno detected in groundwater can be related to FMFC activities. This is accompiishai 
primaniy by the statistical anaivsis of Fh4PC groundwater chemistry dam. 

The section beglns with a review of the hydrogeoiogicai features of the FMPC area that are 
io h e  evaluation oi groundwater qualiiv. Background water quaiitv is established and Ute 

methodology ior the analysis of groundwater quality data is developed. Finally, a detailed 

discussion of the resuits of the groundwater quality analysis is presented. 

Grounawarer quality data collead d m g  RI/FS sampling and discussed in this section are 

presented in Appendix E. These data were collected during RI/FS sampling from the period 

March 1988 throup August 1989. Also included in Appendix E are groundwater qualiIy dala 

collected from June 1989 through Jan 

Due io the low percentage of detected org 
data was not performed. To supplement 

of RCRA samplin_n for organic compounds are also presented. The RCRA data were C O l l e U e d  

from August 1985 throunh December 1987 and fiom June 1989 through January 1990. -0, to 

supplement limited RI/FS and RCRA data for aiuminum. vanadium and zinc. groundwater 

of the ongoing RCRA compliance 

unds. statistical analysis of organiccompoplld 

g resuits for organic compounds. thc d t s  

concentrations of these metals are compared with background &&.from %le Air. So& water, and 
Health Risk Assessment Repon in the vicinity of the FMPC (rr(.:j986). 

................ ................................. :.,: 

1S.l HYDROGEOLOGIC FRAMEWORK FOR GROUNDWATER OUALITT ANALYSIS 
The analysis of groundwater quality must begin by underst 
FMPC and vicinity. Groundwater flow directions must be known in order to examine the 

relationship between upgradient water quality, contaminant sources. and downgradient -to quaiitye 
Regional hydrogeoiog is discussed in detail in Section 12.0. What follows in 
discussion of hydrogeologic features that are critical to the analysis of groundwater 

15.1.1 Glacial Overburden 
As discussed in Section 122. perched groundwater zones are isolated and no1 interco 
vicinity of the FMPC reservation. Thus. by the nature of the mcd zones in the glacial 
overtnmlm. groundwater defrntd as upgradient undu the strictest i n t v a t i o n  may not,siSt to 

hy&ogeoiogy U d U  tk 
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establish background water auaiiry. Yeverlheless. wells that are considered lo be representah Of 

:ypicai water quality for perched groundwater have k n  seiected as backnround weils. ?heSC 

3ddrcssUr tn Section 15.2.1.1. 

15.12 Great Miami Aaulier 

Thret 17ow systems of the Great Miami Aquifer converpe UI the vicinity of the FMPC r e s ~ t b &  
A s  shown rn F i p e s  i5-1 and 15-2. goundwater m the Dry Fork Section of the New Haven 

Trougn generally flows from west to east. Groundwater in the Shandon Tributary to the New 
Haven Trougn generally flows to the southeast. and Wundwater m the Ross Section of the New 

Haven Trough generail? flows to the southwest. Figures 15-1 and 15-2 show that a flow divide is 
located m the southern p a n  a- Lhe FMPC and separates Dry Fork Section groundwater from 
Shnaon iributarv grounawater. 3 e  locauon o i  the divide fluctuates. dependmg on flow 

conaitions: therelore. maing occurs along the divide. 

Grounawater from the Ross Section does not enter the FMPC. X flow divide separating the Ross 
Secuon groundwater from Shaudon Tributary water is located east of the W C .  as shown 
Figures 15-1 and 15-2. n i s  divide is influenc purnpmg of the collector wells located within 
and near the “big bend” in the Great Miami 

The two groundwater flow divides that separate these three flow systems were delineated using the 
FMPC rWFS Foundwater flow model and b e  panicle tracking program. STLINE. A SezUMrity 

analysis usinn a range of groundwater flow conditions showed that the location of the flow dividu 

couid fluctuate for averape precipitation conditions up to 750 fw: ’ . ’  

shown in Figurcs 15-1 and 15-2. 

_..’ side of the divida 

Due to the hydrogeological configuration in the vicinity of the 
the analysis of water quality based on where hey are located 

divides shown in Figures 15-1 and 15-2. 

. weus are grouped prior 16 

15.2 BACKGROUND CONDITIONS 
This section describes background groundwater quality and the rationaie for gro 

weus based on groundwater flow. 

15.21 Backmound Weii Selection 

Backgound weus were selected to establish upgndient grormdwater quality rhat is not inffuurnA 
by operatimi at the FMPG Wells designated as backgrotmd w a e  saxpied from &e second gaana 

1s-2 
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:?88 throuen h e  iirst quarter 1989 as Dart oi the RI ana some were sampied from lune 1989 

rtrougn 1 m u q  I090 as pan o i  the oneomg RCRA comDiiance Dropram. ~ I I U S .  the average V a l W  

:eponed in lLus secuon are based on at Iwi iour quaneriv samples from a c h  well. 

15.3,l.l Glacial Overburden 

W e b .  1024. 1059. 1060. and 1065 are designated as background wells for giacial overbrnden 

;roundwater because thev are located in areas that are not likely to have been impacted by FMPC 
activities (reiff to Figure 6-2 for locations!. Due to the isolated nature of perched groundwam 
zones m the glaciai overburden (Secrion 12.2). these wells are not truly upgradient wells. Howeva 
i i  is assumed that the. gnmdwater. chemistry data from these wells is representative of typical 
,-roundwater quaiiry in glaclal..overburden nor affected by FMPC releases. 

< * . -  - _..._ Crear i.liam Aauuer 

i s  discussed in Secuon i5.2.2. the chemsuy of groundwater from each flow system m the Great 

‘.liami Aquiier IS dutincrlv ddferent from that oi the other flow systems. Because of the 

he1erogene:tv o i  upgraaent youndwater chem-say, i t  IS not possible to denve a single 

represenlauve background water chemistry for rhe Great Miarm Aqulfer groundwater. Thus. the 

2ackground wells are divided mto Ross. Dry Fork, and Shandon background goups before the 

~naiysis of groundwater quality proceeds. 

?Veils 2026. 2121. 2122. 3063, 3099. and 3100 are designated as background wells for grormdwater 

from me Ross Secuon of the Great hliam! Aqulfer. These wells. which are referred to as ROSS 

-m.grouna %ells. z i? matea  upgraaent 01 rhe FMPC ana are shown rn Figures 15-1 and 15-2, 

x11 of these wells are pnvate wells and may be used for drinking water supply. 

Wells 2036. 2057. and 2123 are designated as background w e b  €or groundwater from the 

Section of the Great Miarm Aqufer. These wells, which are referred to as Dry Fork background 
wells. are located upgradient of the FMPC and are shown in Figure 15-1. These w e b  are also 

pnvare wells. and probably are used for drinking water supply. Note that Weh 2096, 3096, 4096. 
and 2104 also appear to be upgradient of the FMPC. Well 4096 is located adja 

and 3096. However. as discussed in Secuon 125.2. a seasonal groundwater mo 
benealh Paddvs Run during pen& of high precipitation. While the mound persists. 
may flow toward the west and potenidly carry contamlnated water toward Weils 2 
4096. and 2104. The mounding is a transient effect: but. because &e maprude  of 
not fully understood. these wells are not designated as backpround. 

Fork 
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'lVelIs 2050. 2'256. 2056. ana 2105 are a e s i p t e d  as backgrouna weils for groundwater from tbC 
Shanuon Tributary o i  the Great Miami Aauiier. These weils. xnich are reiened to as ShandOll 

:~ackguumi weils. are iocated u p p d e n t  o i  the FMPC and are shown m Figure 15-1. Wdl 2066 

is 8 monitoring weil installed during the RIFS program. m e  other weils are private weils. and all 

?ut2050 may De used for drlnicing water supply. 'tt'eU 2050 is a water supply well for a li@ 
hdusuy. WeU 3066 is not mciuded in the Shandon background well poup. The ground- 
chemisp  of smpies irom uis  weil is anomaious cornpared with that oi samples from otha 
Shanaon background weiis. .A ponion of the groundwater sampied at Well 3066 may flow thnmgh 

bedrock and acquire the anomaious chemical characteristics. Xl~emativelv, the chemistry may be 

influenced by rbe Fearer percenrage oi  clay rmnerals in the Shandon Tributary. relative to the rut 
of the aauiier. 

. -  . 3 -  . - ._._ Zxknrouna Groundwater c?naiin* 

Groundwater from zlacial overourden and the Great hiiamx Aaul-er is classified as fresh water sins 

:otai dissolved solids t l D S \  generill? r.m_ne from 500 io 700 miiiigrams per liter tmgL). In 
generai. c~lcium is the dominant cationic constituent. and bicarbonate is the dominant anionic 

constituent. Grnerallv. background groundwateris saturated with respect to calcium carbonate. 

15.2.21 GIaciai Overburden 

Table 15- 1 lists radonuciide. metal. and.._peneni chemical concentrations observed in groundwater 

smpies from glacial overburden background wells. The concennadon range of most constiruenu is 
greater compared with groundwater from the Great Miarm .louder. This is most likely due to the 

:iiverse w e r a o e  01 :lacia overourden materiais and the interreacwm between these materials aad 
groundwater. Calcium. followed by mapesium. sodium. potassium. and iron. are the dominnnt 

metals found in @acid overburden Foundwater. Trace concentrattons of severai other metah are 
also observed. Bicarbonate. followed by sulfate and chloride. are dominant anionic consUntents. 

Nitrate and ammonia concentrations are low in glacial overburden groundwater. "he pH Of $Mal 
overburden groundwater is neutral: the average pH is 7.2. The average IDS concentration is 
665 myL. 

.... . 

. . . . . . , . . . , . 

Some radionuclides are shown to be naturally present at detectable. but low acuvi OIU. 

In parucuiar. radium. thorium. and uranium were observed at detectable levels. 

. .  . .. 15.2.23 Great htiami Aouifer .. . . 

Ross and Dry Fork Section groundwater chemisuies are similar: however. Shandon Tributarp 
groundwater chemistry is quite different from that of the other pans of the a@=. The 
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TABLE 15-1 

GROLIYDWATER QUALITY, GLACIAL OVERBURDEN BACKGROUND W E U S  

GLACIAL OVERBURDEN BACKGROUND 

Parameter Average’ Standard 
Deviationa 

Rangea 

Radionuclides (cCi/t) * & E X  Source, Special Suclear, and by-product materials are 
regulated under RCRA. 

CS- 137 
Ng237 
Pu-233 
Pu-239R40 
Ra-226 
Ra-228 

Sr-90 
RLI- 106 

TC -99 
Th-228 
Th-230 
Th-232 

u-234 
U-235/236 
U-238 
U-Totalb 

Th-TOtalb 

Al 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 5 
Mo 
Nl 
K 
SC 

See fmnotes at end of table. 

20 u 
1 u  
1 u  
1 u  
1 u  
3.2 

150 u 
5 u  

30 U 
1 . 1  
1 . 1  
1 u  

13 U 
1 . 1  
1 u .  
1 .o 
1.6 

0.12 
0.002 
0.069 
0.003 

0.023 
0.016 
0.689 
0.003 

34.28 
0.044 
0.22 
0.02 u 
0.02 
8.90 
0.002 u 

96.3 8 

. ... _. 

0.7 

0.2 
0.3 

0.3 

0.1 
1.2 

. ..... .. . 

0.00 
0.00 
0.022 
0.m 

0.00s 
0.010 
1.345 
0.001 
9.39 
0.038 
0.06 

0.00 
9.07 

17.4 1 

20 u - 2ou 
1 u  I U  
1 u  1u 
I U  1 U  
1 u  1u 
3 u  - 5.2 

150 U - 150 u 
5 u  - s u  
30 U - N U  
1 u  1.6 
1 U  - 2  
1 u  1u 

13 u - 13 U 
1 u  - 1.9 
1u 1u 
1 u  1.5 
1u - 5.3 

0.12M - 0.123 
0.002 U - 0.003 
0.05 u - 0.112 
0.002 u - 0.007 

0.02 u - 0.0345 
0.01 u - 0.044 
0.005 - 4.9 
0.oOtu - 0.006 

47.8 
0.1 
0.4 
0.02 u 
0.026 

0.002 t 

74.4 - 130 

315 
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TABLE 15-1 
(cuntinueai 

GLACIAL OVERBURDEN BACKGROUXD 

.ivenge3 Standard i?mmere: 
Devianon3 

Metals (Conrinuea'r 

.hnmoma x hr 
Cliloride 
Conducmce; 
R uonae 
Yitnte s hr 
Total phospnoms 
Sulfate 
Total o y m c  halide 
;Ukalinirv as HC03 

Total dissoived soiidsd 
PH 

0.015 
11.33 
0.02 
9.04 

0.18 
12.19 

0.62 
0.15 
0.07 

71.1s 
0.05 

4 16.3 
7.2 

563.40 

640.3 

0.05: 

0.01! 
0.04; 

0.013 0.01 u - 
0.00 0.018 - 16.80 5.71 - 56.3 

0.01 0.0317 - 

0.17 
12.20 

0.34 
0.07 
0.04 

49.52 
0.01 

49.7 

157.6 

76.35 

0.1 u 
1.4 

0.22 
0.1 u 
0.05 U 
3.24 
0.05 U 

334 
7 

441.35 

470 

0.58 
35.7 

1.3 
0.3 
0.18 

1 7S 
0.067 

501.1 
7.4 

986.89 

975 

%utiiers and inconsisrent MDLs are excluded. Nondetem are w q u i  to the MDLs and 
included in the calculation of averages and sranaard deviaons (Secnon 15.3.2.2). 

U = M o w  the MDL shown. 

b1n U ~ L .  

CIn umhos/cm. 

dTDS is calculated based on following assumptions: 

The mas conmbuted by radionuclides is negligible. 
Phospnorus is present as phosphate. 
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background nrounawaler cnemisE oi eacn section oi the Great Miami Aauifer is discussed 

separateiy below. 

Xoss Secrion 

TaMe 12.2 l i s ts  raaionuciide. zetai. ana generai chemicai concentrations ooserved in groundwater 

samples from Ross backgrouna wells. Since both 2 0  and 3000 Series wells are present in the 
Ross oackgrouna area. Ross background water auaiity data are separated in Table 15-2 into Ross 
background from ZOO0 Series wells ana Ross background from ZOO0 and 3000 Series wells. 
Calcium. iolioweti by mapnesium. sodium. and potassium. are the dominant metals found in Ross 
groundwater. Trace conrenrntions of many other metals were also detected. Bicarbonate, follower 
by suliate. cnioride. &.nilrare. are the domlnant aniomc constituents. The pH of Ross 
xounaa.arer is neutral: the avenge pH is 7.1. n e  avenoe 7DS concentration is 5 3 4  me& 

Low acrivip concentrations oi  radium-126 ma-226). radium-223 ma-223. thorim-228 (Th-UO), 

2nd thorium-230 were detected in Zoss background groundwater. Low concenuations of total 

urmm were also detected. TJese radionuchdesare naturally occumng. but their presence may 
3lSO be due IO contaminant sources upgradientof the Ross area. For unknown reasons. the average 

arseruc cmcentrat~on. 0.106 mgL. calculated. for Ross groundwater 1s high relative to the average 

arseruc concentrations of other background groundwater. Background concentrations for aluminum, 

;madium. and zinc for the Ross section.groundwater could not be established because of the 

absence of dan. 

" .... ... . .. .._.. .... . . . . . , . .  

Drv Ff..K Section 

Table 15-3 lists b e  average and range of miionuchde. metal. md generai chemcai concenaations 
observed III groundwarer samples from Dry Fork background Calcium. followed by 

magnesium. sodium. and potassium. are the d o m r  metals in Dry Fork groundwater. 
Trace concenmuons of several other metals were also observ ic&omte. followed by sulfate, 

chlonde. and muate. are dormnant anionic consutuents. The pH of Dry Fork groundwater is 
neutral: the avenge pH is 7.2. Dry Fork background groundwater generally contams less dissolved 

solids than other backpund groundwaters: the avenge TDS concentnuon is 5 0 0  m 

Other than a one-time. low-level detecuon of Th-230 at Well 2123. no radionuclides 

in groundwater samples from Dry Fork background wells. Data from the iT (1986) repon were 

used to establish back-mund concennatlons of alummum. vanadium, and zinc in Dry Fork 

groundwater. 
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TABLE 15-2 

GROUNDWATER QUALITY, GREAT MIAMI AQUIFER 
ROSS BACKGROUND WELLS 

GREAT ,MIAMI AQUIFER ROSS BACKGROUND 
(2000 AND 3 0 0 0  SERIES W) 

Parameter Average' Standard Range' Deviation' 

Radionuclides (mk) * .?E-q Source.  S p e c i a l  Nuciear .  and by-product x a c e r i a l s  are not  
rzquiacea unae_r ?.CRA. 

cs- 137 LO u 20 u - 20 u 
Up-257 1u 1 u  1u 
Pu-238 1 u  1u 1u 
Pu-2391240 1 u  1 u  1 u  

3.1 0.4 3 u  - 4.5 
150 U 150 u - 1so u 

S r-90 5 u  5 u  - 5u 
TC-99 30 U 30 U - 3ou 

1 .o 0.0 - 1.2 
1 .o 0.2 - 1.7 

Th-232 1 u  1u - t u  
u-23 1 u  1u - 1u 
U-235R36 1u 1 u  1u 
U-238 1u 1 u  1u 
U-Tod' 1 .o 0.2 1 u  - 2.0 

- 
1.1 1 u  1 .o 0.0 Ra-226 

Ra-223 
RU-106 

1 u  
1u 

171-228 
Th-230 

Th-TOtalb 13 U 13 U - 13 U 

.Metals frne/L) 

Alc 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 

-- 
0.106 
0.05 1 
0.005 

0.02 1 
0.047 
0.028 
0.002 

26.00 
0.004 
0.2 1 

92.48 

-- 
0.1 89 
0.010 
0.001 
8.5 1 
0.003 
0.052 
0.039 
0.001 
5.43 
0.004 
0.04 
.. . 

- -- 
0.mu - ass 
0.035 - 0.073 
0.005 u - 0.01 

0.02 U - 0.03 
70.2 - 110 

. .  ii.:;...'..' 
. . ... . . . .. .. .. : -  0.4 
::.:.::.:. ... .. . . . . . .,.. ... .,, 

See ioomotes at end of table. 
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TABLE 15-2 
(continued) 

GREAT twAMl AQUIFER ROSS BACKGROUND 

Average' Range' 
Parameter 

Deviation 

. b m o n i a  as N 
Chloride 
Conductance4 
Fluoride 
Yiuare zi N 
Total Phospnorus 
5 ifa!e 
Total O q m c  Halides 
;Vkaiinity as HC03 
PH 
Totai Dissolved Solids' 

See ioomotes at end of table. 

PIrmfIS.1-24217-90 

0.02 
0.02 
2.62 
0.002 u 
0.01 1 

15.25 -- 

0.25 
4.11 
0.05 

47.05 
0.05 u 

312.6 
7.1 

544.25 

0.02 
0.00 
0.03 

0.005 
3.96 

0.02 u 
0.02 u 
2.07 
0.002 u 
0.01 u 
9.4 1 

0.03 0.1 u 
12.20 7 

109.1 400 
0.06 0.18 
3.78 0.28 
0.00 0.05 U 
18.1 

34.3 

45.3 

- 
- 

0.092 
0.024 
3.28 
0.002 
0.033 

26.7 - - 

02 
495 
800 
0.365 
124 
0.065 

72 
0.05 u 

36355 
7.7 

714.95 
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DtccmDa 17. 1990 

TABLE 15-2 
(con t inuea) 

GREAT MiAhU AQUIFER ROSS BACKGROUND 
(2000 SERIES WELLS) 

Parameter Average' Standard 
Deviation' 

Range' 

Radionuclides (Kin) * .\EA S o u r c e ,  S p e c i a l  N u c l e a r ,  and by-product  materials are not 

- 20 u r e g u l a t e d  under IICRA. 
CS- 137 20 u 20 u 
so-237 
h - 2 3 8  
h-239R40 
Ra-226 
Ra-223 

Sr-90 
Ru-  106 

Tc-99 

'h-230 
11-232 
Th-Total 
u-234 
U-23SR36 
U-238 

n - 2 2 8  

U-Totalb 

.Metals frnwL) 

AIc 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 
Mg 

HI3 
Mo 
Ni 
K 
Se 

1 u  
1 u  
1u 
1 .o 
3.1 

150 u 
5 u  
30 U 
1u 
1.1 
1u 
13 U 
1u 
1 u  
1u 
1.1 

- 
0.143 
0.047 
0.005 U 
87.04 
0.02 
0.050 
0.01 1 
0.002 u 
0.002 
0.2 u 
0.02 
0.02 u 
2.67 
0.002 u 

22.95 

0.0 
0.4 - - - - 
0.2 

- 
- 
0.3 

1 u  - I U  
1 u  - 1u 
1u - 1u 
1u - 1.1 
3 u  4 5  

150 U - 150 u 
5 u  - 5 u  
30 U - m u  
1 u  - t u  
1u 1.7 
1u - 1u 
13 U - 13 u 
1u - 1u 
1u - 1u 
1u - 1u 1u - 2.0 

0.232 
0.012 

7.88 

0.063 
0.015 

5.92 
0.001 

0.01 

0.32 

- 
- 

- 

- 
- 
- 

0.002 U - O S  
0.035 - 0.073 
0.005 U - 0.005 

0.02 u - 0.02 
0.01 U - 0.176 
0.00s u - 0.05 

70.2 - %3 

0.002 u. ..- 0.002 

See fwmoces at end of table. 
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TABLE 15-2 
(continued) 

GREAT MIAMI AQUIFER ROSS BACKGROUND 

.A g 
Na .. 

0.012 
16.20 

Geneni  a e m i s t r v  (rng/Ll 

iunmoma as N 
Chloride ~ 

7onducrxrice- 
Auonae 
Yitrate as N 
Totai Phospnorus 
Sulfate 
Total Orgaruc Halide 
.Alkalinity as HC03 

Tad Eissoiveo Solidse 
PH 

0.11 
24.06 
564.17 
0.26 
4.35 
0.05 
37.36 
0.05 u 

294.7 
7.1 

505.18 

0.03 
13.02 

1 16.95 
0.06 
3.46 
0.00 
17.13 

37.2 

47.03 

0.01 u 
9.41 
-_ 
-- 

0.1 u 
7 

400 
0.2 
0.4 
0.05 u 
3.08 
0.05 u 

236.8 
7 

348.00 

9 Outliers and inconsistent MDLs are excluded. Nonde- are set qua fie ~ L s  and 
included in rhe wlculation of averages and standard deviations (Sectioe.15.3.22). 

U = below the MDL shown. 

- 0.02 
- 26.9 - -- 

- 0.2 
- 45.15 - 800 - 0 3  - 8.4 
- 0.05: 

- 0.05 - 343.2 
7.7 

- 643.45 

- sa 

b In ug/L. 

k o s s  background w e h  have not been analp& for aluminum, vanadium, and zinc. 

Pn umhos/crn. 

k S  is caiculated based on following assumptions: 

The m a s  contributed by radionuclides is negligible. 
Phosphorus is present as phosphate. 
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TABLE 15-3 
GROUNDWATER QUALITY, GREAT MlAMl AQUIFER, 

DRY FORK BACKGROUND WELLS 

GREAT MIAMI AQUIFER DRY FORK BACKGROUND 

Parameter Average' Standard Rangea Deviationa 

h - 2 3 8  
h-239R40 
R3-226 
Ra-228 
Ru- 106 
Sr-90 
TC-99 
3-228 
Th-230 
Th-232 
Th-Total 
u-234 
U-23SR36 ' 
U-238 , 
ti-Total 

1 u  
1 u  
1 u  
3 u  

159 u 
5u 
30 U 
1 u  
1.1 
1 u  

13 U 
1 u  
1 u  
1 u  
1 u  

, -  

. ...._ 
, . . .  - 

.. . 

. .  

.: 

0.3 

.. ... . . . . . . . 

Al 
As 
Ba 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 

5 
AM0 
Vi 

0.1 u 
0.002 
0.038 
0.005 u 

89.10 
0.021 
0.016 
0.01s 
0.002 

23.20 
0.201 
0.2 u 
0.02 u 
0.02 u 
1.28 . 

- 
0.001 
0.00s 

5.43 
0.003 
0.008 
0.009 
0.001 
1.71 
0.237 

- 

0.24 

20 u 
1 u  
1 u  
1u 
1 u  
3 u  

159 u . 
5 u  ' - 
30 U 
1u 
1u - 
1 u  - 

13 U .. 
1u - 
1 u  
1 u  
1 u  

20 u 
1u 
1u 
1u 
1u 
3u 

159 u 
s u  

N U  
1u 
21 
t u  

13 U 
1u 
1u 
1 u  
1u 

0.1 u - 0.1 u 
0.002 u - 0.04 
0.024 - 0.045 
0.005 U - 0 . U U  

- 99.4 
0.02 u - 0.03 

81.7 

0.02 u - 0.mu - 1.7 1u 

See footnotes at end of table. 
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TABLE 15-3 
(continued) 

GREAT W ‘ A Q ~  DRY FORK BACKGROUND 

Average’ Standard R a w a  
Paramerer 

Deviation3 

Xferais (Continued) 

Seneni Chemism fmg/Ll 

Ammorua as N 
Chloride 
Conducmce’ 
Ruonde 
Nitrate s N 
Total Phosphorus 
Sulfate 
Total O ~ m c  Halide 
.Ualinitv 
?H 
Total Dissoived Solidsd 

0.002 u - 0.a 
0.008 0.01 u - 0.E 

1.96 3.95 
0.01 u - 0.01 
0.17 - 0.17 

0.002 u 
0.012 
3.23 0.59 
0.01 u 
0.17 

0.1 1 
9.20 

0.25 
4.64 
0.08’ 

2959 
0.05 u 

322.1 
7.2 

499.56 

535.0 

0.03 
4.09 

0.08 
4.87 
0.05 
6.80 

108.2 

- 
24.0 

33.7 

0.1 u 
3 

370 
0.1 
0.1 u 
0.05 u 

21 
0.05 u 

285.2 
7.0 

415.85 

aOutliers and inconsistent MDtS are excluded. Nondetects are set the 
MDLs and included in the calculation of averages and standard deviations (Section 15.3.22). 

u = beiow the MDL shown 

b In ug/L. 

‘In umhos/cm. 

%IS is calculated based on following a~sumptiom: 

0.2 
13 

7SO 
0.38 

11.4 
0.19: 

39.9 
0.05 

344.3 
7.6 

581.23 

The mas contributed by radionuctides is negiigible. 
Phosphorus is present as phosphare 
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While Dry fork background chemisuy IS very stmiiar to Ross background c b d a y ,  c- 
of sodium. chloride. sulfate. ana TDS appear IO be slightly higher m Ross puadwata .  msY 
be doe to greater urbanuauon of the Ross Section of the aqutfer relative to the Dry Fork S e  

Shandon Tfihtarv 

Table.154 lists the averane and range of radionuclide. metal. and general chemxstry concamdam 

observed in groundwater samoies from Shandon back-mund wells. Calcium is the dominant metd 

in Shandon groundwater. foilowed by sodium. magnesium. iron, ami potassrum. Trace 
conccnm~ons of other metals were also observed. Bicarbonate. foilowed by chloride. d 
and suifate. are do 

average pH is 6.9. 

onstituents. The pH of Shandon groundwater is neuaal; thc 
S concentmuon is 598 mgL. 

niy radionuciides detected in groundwater sampies from Ra-226 ana total 

Shaudon background wells. The detections were low and inconsrstent Detecuons of 

Ra-226 were 1.8 and 2 pC& from Wells 2050 and 2056, respecaveiy, during second quarter 1988 

sampling. Detecuons of total uramum oc 
1.85 and 3 ug/L. respecuvely. Data from 
concentrations of aiumtnum. and zrnc m S 

Wells 2056 and 2066 with cwcenaatians of 
86) report were used to establish bactgroond 

Calcium and bicarbonate are the do 

T3c second most abundant iomc consuments in the Shandon groundwater are sodium and chloride; 

of all background groundwaters. 

for Ross and Dry Fork groundwater. they are magnesium and sulfate. The barium concattmion of 

Shanaon groundwater IS approxlmateiv an order of magnrtude that of other backpund 
gro&dwaten. It is believed that low d a t e  cwcenaat im event the prrcipitMion o f  

barite. BaSOd, from convolling barium concentrations in Shan 

Differences in the geology and the c b m c d  redax state of 
compared with other areas of the aquifer, most likely contribute to the observed groundwater 

chem~stry differences. Ihe Shandon Tributary portion of the aquifer is mantled by thick depi ta  o f  

udissecied giaciai overburden (Section 113); thenfore. surface water intiltration 
Shandon Tn'butary groundwater may have lower dissolved oxygen levels; i.e., is 
relative to grormdftrater from other areas. Nitrogen is present in Shandon Tributaxy 
p n d o m h d y  m the reduced form aS ammonia (NH3), whereas nitrogen is pres 
form as nitrate (NO,) in groundwater from other anas of the aquifer (Tables 15-2 

Reduced iron (Fe'? concentrations also appear to be higher in Shaadon groundwater rehive to 

water in the Shaadon 'Trfbmarg, 
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TABLE 15-4 

GROUNDWATER QUALITY, GREAT MIAMI AQUIFER 
SHANDON BACKGROUND WELLS 

GREAT MIA..  AQUIFER SHANDON BACKGROUND 

Average’ Standard Rangea 
Parameter 

Deviationa 

Radionuclides fDCi/L> * AEA Source,  S p e c i a l  Nuclear ,  and by-product materials are not 
r e g u l a t e d  unae r  R C U .  

CS- 137 

PU-238 
PU-239/2401 

Np-237 

Ra-226 
Ra-228 
Ru-106 
S r-90 
T C - 9 9  
Ih-228 
Th-230 
Th-232 
Th-Total 
u-234 
U-235236 
U-2:3 
U-Total’ 

’ Metals frne/L) 

Al 
As 
%a 
Cd 
Ca 
Cr 
cu 
Fe 
Pb 

Hg % 
Mo 

li 

20 u 
1 U  
1u 
1 u  
1.1 
3 u  

150 U 
5 u  
M U  
1.1 
1u 
1u 
13 U 
1u 
1u 
1 u  
1.2 u 

0.1 1 
0.02 1 
0.638 
0.005 
74.55 
0.021 
0.01 u 
2.272 
0.001 
26.06 
0.047 
0.26 
0.02 
0.02 u 

.... 

- 
0.3 

0.5 

0. 
0. 
0.104 
O.Oo0 

13.69 
O.OO0 

0.664 
0.005 
3.54 
0.035 
0.20 
0.00 

- 

20 u - 2ou 
1 u  1u 
1 u  - 1u 
tu I U  
1 u  - 2 
3 u  - 3 u  

150 u - IS0 u 
5 u  - s u  
30 U - 3ou 
1 u  - 1.99 
1 u  - 1u 
1u. - 1u 
1u - 1u 
1u 1u 
1 u  I U  
1u 3 

13 U - 13 U 

- 

0.1 U - 0.143 
0.004 - 0.042 
0.48 - 0.8 
0.005 u - 0.006 
30.4 - 89 

0.02 I... - 0.03 
0.02u - 0.02u 

See iwmotes at end of table. 
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General Chemism fmw) 

h m o n i a  as N 
\-Xoride 
Conductance’ 
Ruoride 
IHitfaE as N 
Total Phosphorus 
Sulfate 
Total Organic Halide 
.Ukalinitv 
PH 
Total Dissolved Solidsd 

TABLE 15-4 
(continued) 

0.10 
3.66 
0.05 u 

387.0 
6.9 

603.79 

1 Outliers and hcOnsiSrent MDLs are excluded. Nondetects are set equal to the 
.MDLs and included in the calculation of averages and standard deviations (Section 

U = below the MDL shown 

b In ugL. 

Umhodcm. 

‘ b S  is calculated based on following assumptions: 

1.14 
11.80 
86.1 1 
0.22 

0.03 
3.25 

- 

The mass contxibuted by radiormciides is negligible. 
Phosphorus is present as phosphate. 

0.3 
39.5 

0.4 
0.1 u 
0.05 u 

2 u  
0.05 u 

369.2 
6 

489.87 

450 

422 
78.9 

850 
1 Z  
0.1 
0.18 

13.4 
0.0s I 

416.6 
7.6 

691.77 

15.3.22). 
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