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GROUNDWATER QUALlTY ASSESSHLNT P R O C M  P U N  
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1 .O INTRODUCTION 

Waste Pit No. 4 at the Feed Elaterlals Productlon Centit (FHPC) In Fernald, 
Ohio is subject to regulations o f  the Resource Conserva:ion .and Recovery Act 
(RCRA). As part o f  these regulations, certain gnundwater monl toring 
requirements must be provlded to the U.S. Environmen:rl Protection Agency 
(EPA) for review and approval. These requirements are o:tlined in the Code of 
Federal Regulations (CfR),  specifically 40 CFR 265, Sub;irt F, and apply to a 
landfill facllity such as Waste Pit No. 4 which is use: to manage hazardous 
waste. A site location map for the FMPC Is provided in Figure 1. 

1 1 Background 

During the period from May, 1980 to April, 1983, an estimated 23,500 
pounds o f  a radioactively contaminated trichloricr salt consisting of 
approximately 55 percent barium chloride were dircztded In Waste Pit No. 
4 at the FMPC (Reference 1). This material i s  co:.sidered hazardous due 
to the presence of soluble barium in excess o f  Lie maximum allowable 
concentration, as determined by the Extraction Prxedure (EP) toxicity 
test (EPA Waste Identification No. 0005).  

As outlined in 40 CFR 265, the groundwater monitoriy requirements for a 
landfill such as Waste Pit No. 4 consist of ::e development o f  a 
groundwater monitoring system, the implementatic- of a sampling and 
analysis program, and the evaluation of groundwater monitoring results to 
determine any necessary response actions. A t  t h ~  FHPC, a groundwater 
monitoring system has been developed and a sampling and analysis plan has 
been implemented to meet the requirements of 40 C 3  265.91 and 265.92, 
The groundwater monitoring system is shown graphidly In Figures 2 and 
5, and the sampling and analysis plan is contained 5 Reference 2. 

A Groundwater Qual ity Assessment Program Out1 ine (::AM) was prepared in 
August, 1986 in response to Item A.7 of the RCRA sc:tion for the Federal 
Facility Compliance Agreement (FfCA). This p:in was prepared in 
conformance with 40 CFR 265.93 (a) and was revise: i n  January, 1987 to 
reflect comments by U.S. €PA on the original suhittal (Reference 3). 
The intent of the GQAPO f s  to present a groundwatzr monitoring program 
for Waste Pit No. 4 which 4s capable of identifying: 

a) whether hazardous waste or hazardous was:: constituents have 
entered the groundwater; 

b) the rate and extent of migration of  hazardcrs waste or hazardous 
waste constituents I n  the groundwater; and 

c) the concentration of hazardous waste x hazardous waste 
constituents in the groundwater. 

'- . 6 
-1- 



-2- 

260 



,I .- -. 
U 

f a 0  YATUIAU moovcnow c m u  
LEGEHO rLnN4LD. onlo 

II Well Cluster 
Upgradient Wells Not Shown (See Figure 5 for Uells Nos. 12 L 

i 

r-- 
FIGURt 2 

-3- 
WASTE 311 NO. 4 YONITORING WELLS 8 



Since the implementation of the CQAPo has become necessary, a more 
detailed assessment plan has been developed for review by the appropriate 
regulatory agencies and is the subject of this report. 

260 
1.2 scope 

The purpose o f  this report is to provide the more detailed groundwater 
quality assessment program plan as Identified I n  the GQAPO. Accordlng t o  
40 cFR 265,93(d)(Z), the owner or operator must develop and submit to the 
u.S. €PA Regional Administrator a speclfic plan, based on the GQAm 
required under paragraph (a) of 40 CFR 265.93, wlthin flfteen (15) days 
after notification. 

Notification indicathg that Waste Pit No. 4 may be affecting groundwater 
quality at the FMPC was provided to U.S. EPA on November 13, 1987. This 
notification was based on the statistical comparisons required by 40 C f R  
265.93(b) which were completed for the designated wells around Waste Pit 
No. 4. These comparisons indicate that statistically significant changes 
in various indicator parameters have occurred, thereby requiring 
regulatory notification and the preparation o f  this assessment plan. 

2.0 FHPC GEOLOGY AND HYDROLOGY 

The FMPC is located in a two-mile wide valley filled with glacial desposits. 
’ This valley parallels the Great Miami River between the towns of Ross and 

Hooven, Ohio. A generalized geologic cross-section for the FMPC site area is 
presented in Figure 3.  

Approximately 4SO mill ion years ago in late Ordovician time, sediments which 
would become a predominantly flat-lying shale with thin Interbedded 1 imestone 
were deposited in a shallow sea. This shaleasart of the Cincinnatlan Series, 
i s  the relatfvely impermeable bedrock which now underlies the FMPC site area. 

Somethe prior to, or perhaps contemporaneous with Pleistocene glaciation, a 
large watercourse (larger than the present-day Great Hiarni River) cut a 
channel into this shale bedrock to a level of more than 200 feet below that of 
the existing Great Hiarni River. This approximately two-mile wide channel is 
sometimes referred to as the New Haven Trough and may be an abandoned course 
of the ancestral Ohio River. 

- 

During subsequent Pleistocene glacial advances and retreats across the site 
area such as the Illinoisan (approximately 300,000 to 400,000 years ago) and 
the Wisconsinan (approximately 100,000 years ago), the New Haven Trough was 
filled with about 200 feet o f  glacial sediments. These sediments were 
deposited by water flowing from the margins of  the glaciers and consisted 
cainly of well sorted sand and gravel. A blanket of clay-rich, relatively 
impermeable glaclal till from a more recent event was deposited atop the 200 
feet of glacial sediments. 

Erosion by the Great Miami River and its tributaries has subsequently removed 
significant portions of the glacial till whlch contributed to terrace remnants 
standing topographically higher than the surrounding bottom lands. The FMPC 
rite lies atop one o f  these terrace remnants. 

9 
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260 2.1 Sand rnd Ctrvel Aquifer 

A sequence of hlghly permeable sand and gravel outwash depos i t s ,  l a i d  
down by the me1 twaters of receding continental  Ice sheets, unconformably 
overlie the shale bedrock In the v l c l n i t y  o f  the FHPC. These outwash 
deposlts enera l ly  consf s t  Of an unconsol idated cedlum- t o  coarte- 
grained, o?Ive brown l a y e r  of sand and gravel ,  ranging In thlckness  up t o  
200 feet .  The sand and gravel 1s arranged In irregularly a l t e r n a t i n g  
layers of s l l t y  sand, medium t o  coarse sand, and medium t o  coarse gravel .  

-- - - 

In t h e  v i c i n i t y  of the Waste P i t  Storage Area, thls layer  i s  separated 
In to  two un i t s  by a 10 t o  20 foot thlck layer  o f  greenish-black s i l t y  
clay. The FMPC production wells are completed below thls ‘blue clay’ 
layer.  This blue c l a y  l a y e r  underlies about 360 acres o f  the FMPC and 
apparently occurs only I n  the v l c in i ty  of the Waste Pit Storage Area and 
the productlon wells. This layer  was probably deposlted I n  an Ice 
marglnal lake or as a backwater deposlt  of a glacial  stream. The top of 
thls blue c lay  layer  l i es  about 125 f ee t  below the land surface. 

The sand and gravel aqu l f e r ,  separated by the blue clay l aye r ,  a c t s  a 
s ingle ,  hydrologlcal u n i t .  The blue c lay  layer is not s u f f l c l e n t l y  
extensive t o  ac t  a s  an aqui tard and no s igni f icant  head d i f f e rences  have 
been detected between wells completed above and below thls layer .  

Transmissivltles and hydraul ic  conduct ivi t les  for  the sand and gravel 
aquifer  range from 35,000 gal lons per day per foot (gpd/ft) t o  300,000 
gpd/ f t  and 270 ft /day t o  370 ft/day, respectively. Total p o r o s l t l e s  of 
thls aqui fe r  have been estimated a t  25 percent. Average hydraulic 
gradlents  fo r  the area  were calculated from water level measurements 
col lected by the U.S. Geological Survey i n  August, 1982, and range from 
0.001 f t / f t  t o  0.005 f t / f t .  Using thls data ,  the r a t e  of groundwater 
movement, or horizontal groundwater velocity,  is calculated t o  range 

A recent  water level contour map f o r  the sand andgravel aqui fe r  is shown----- 
i n  Figure 4,  with  the corresponding water level measurements provided in 
Table 1. This  map lnd lca t e s  a general groundwater movement i n  the eas t  
d i r ec t ion  near Waste P i t  No. 4. The upper 20 t o  30 fee t  of the sand and 
gravel deposits a r e  not saturated,  w i t h  water i n  this aquifer  general ly  
occurlng a t  levels approximately 60 t o  90 f ee t  below the land surface.  
These levels depend on the r e l a t i v e  thlcknesr of the g l ac i a l  t i l l  and 
respectlve land sur face  elevation. 

between 1.1 ft/day and 9.3 ft/day . --I - 

2.2 Glacial Till .4_ 

A t  the land surface of the FMPC, a 20 t o  50 foot thick layer  of  g l ac i a l  
t l l l ,  composed o f  a dense, olive-gray s i l t y  clay, overlies the sand and 
gravel outwash depos i t s .  The t i l l  var ies  i n  texture and composition, 
both l a t e r a l l y  and v e r t i c a l l y ,  and contains lenses o f  poorly so r t ed  f ine 
t o  medium grained sand and gravel. The base o f  the t i l l  occurs a t  the 
estimated elevation of 540 mean sea level (HSL) and overlies the sand and 
gravel 

To the 
into a 

outwash deposi tt . 
south and west o f  the FHPC, the s i l t y  c lay  t i l l  l a t e r a l l y  grades 
sequence of s i l t  and s i l t y  sand, w i t h  some layers of s i l t y  c lay.  

PI 
-6- 
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260 Round S Water Level €levallon$ 

Depth to Caslng Grad. Water Trblo 
Water (It) Etov. (MSl) (MSC) Elev. (MSL) WoII 8 

P- 1 
P - 2  
Q - 3  

1s 
Id 
3 
4 
5 

8s 
8d 
9 

1 0  
1 1  
1 2  

13s 
13d 
14s 
14d 
1ss 
1 Sd 
16s 
16d 
17s 
176 
18s 
18d 
19s 
19d 

TP-19 
20s 
206 

TP-20 
21s 

TP-21 
22s 

TP-22 
s w - 2  
os- 1 
os-2 
OS-3 

OS-1 A 
' I T - 1  
'17'02 

'IT-SA 
' I T - 6  

L- 

NotSampled 
NA - Not Available 
MSL - Mean Sea Level 

. .  . .  

N4 
w 
ha 
ha 

63.1 7 
NA 
hn 
ha 

54.33 
54.83 
33.1 0 
66.92 
62.69 
31.83 
70.06 
70.08 
14.04 
14.06 
58.85 

E# 
20.1 5 
20.1 3 
14.42 
14.54 
56.50 

E# 
63.1 7 
63.08 

7.00 
53.81 
53.1 0 

4.69 
63.58 

4.58 
65.29 

6.83 
N4 
NQ 
w 
NQ 
E# 

63.38 
75.00 
74.23 
55.50 

578.66 
579.16 
579.36 
585.5s 
S8S.31 
560.86 

557.09 
576.60 
576.62 
557.23 
588.39 
585.78 
639.67 
590.37 
590.36 
535.19 
535.99 
579.53 
579.41 
542.28 
542.13 
536.19 
536.35 
573.36 
573.88 
585.38 

- 585.25 . 
584.96 
574.44 
574.71 
574.73 
586.02 
585.61 
587.95 
588.91 

hA 
581.83 

M 
fM 

581.83 
579.93 
595.58 

' 594.22 
576.02 

556.8s 

576.66 
577.18 
577.36 
503.47 
583.81 
559.30 
556.1 S 
555.53 
574.90 
574.82 
555.31 
586.56 
583.64 
637.48 
588.71 

533.76 
533.71 
577.80 
577.80 ' 

540.47 
540.50 
534.43 
534.83 
571 3 1  
571.56 
583.26 
583.20 
582.98 
573.42 
573.31 
573.21 
594.42 
584.06 
587.93 
587.93 

cI# 
581.35 

NQ 
NQ 

581.83 
577.93 
593.22 
592.17 
574.07 

588.72 

w 
NI 
En 
w 

S22.14 
En 
w 
bn 

522.27 
521.79 
524.13 
521 .47 
523.09 
607.84 
520.31 
520.28 
521.75 
521.93 
520.68 

N9 
522.13 
522.00 
521.77 
521.81 
522.86 

MI 
522.21 
522.11 - 

577.96 
520.63 
521.61 
570.04 
522.44 
581.03 
522.66 
582.08 

h14 
N9 
M 
N9 
N9 

5 16.55 
520.58 
519.99 
520.52 
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The stlty clay till is continuous to the north and trst of the site, a d  
directly overlies the bedrock In these areas. In the lower reaches of 
Paddy's Run and the storm sewer outfall ditch, the silty clay till has 

A Saturated zone occurs within the sllty clay till at levels 
approximately I to 9 feet below the land surface in some areas o f  the 
FHPC site. This saturated zone was encountered in three shallow wells 
(M\I-lgTP, HW-21TP, and MI-22TP) completed around Uaste P l t  No. 4, and in 
another well (MU-20T9) located to the south o f  the Waste Pit Storage 
Area. Ihis saturated zone I s  probably recharged by precipltation and may 
be present due to vertical variations of compotltion and texture of the 
till, or near-surface weathering and desiccation-induced fracturing of 
the till. The locations for these wells are shown in Flgure S, as part 
o f  the cluster well systems 19, 20, 21, and 22. 

eroded to expose the underlying sand and gravel. 260 

Aquifer testing of the saturated zone within the glacial till has 
measured hydraulic conductivities of 0.2 ft/day to 2.5 ft/day, with 
associated transmissivities o f  .3.5 gpd/ft to 150 gpd/ft. 

3 .0  PROBLEH IDENTIFICATION 
T h i s  section of the groundwater quality assessment program plan describes the 
four techniques which can be used to Identify whether hazardous waste or 
hazardous waste constituents have entered the groundwater. These techniques 
include: statistlcal evaluatlon of groundwater monitoring data, well 
re-sampling or sampllng of additional wells, review of .operational data, and 
lnstallatlon of additional wells. further information regarding the 
statistlcal evaluatlon for these wells I s  provided in Reference 4. 

3.1 Statisttcal Evaluation 

The use of the student's t-test is required forsroundwater monltoring 
data according to 40 CFR 265, Subpart F. For each indicator parameter, 
the arithmetic arean and variance are calculated for four replicate 
measurements o f  each sample collected from the Uaste Plt No. 4 monltoring 
wells and compared t o  the initial background orltbetic mean. The RCRA 
groundwater monitoring indicator Parameters are Total Organic Carbon 
(TOC), Total Organic Halogens (TOX) , speciflc conductance (SC) , and pH. 

The procedure used to compare the background and monitoring values for 
each well was Cochran's Approxhation to the Behrens-Fisher Student's 
t-test, according to the guidance provided in Appendix IV of 40 CFR Part 
264 and the RCRA Technical Enforcement Guidance Oocument (TEGD, Reference 

- -  
-- 

C \  

The test consists of the following steps: 

1) Compute the background and monitoring means, 

2) Compute the background and monitoring variances, 

1 4  
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3 )  Compute the t - s t a t i s t i c  (1') for each cornparison. The 
t-statistic is derived by dividing the difference i n  the 
monltorlng and background means by the square toot  o f  the 
difference between the ra t io  of variance to the number of results 
for  background and monitoring values, 

4 )  Calculation of special weightings for background and monitoring 
d a t a  sets. The special weighting 1s the rat io  o f  the variance t o  
the number of samples, and 

260 

5)  Calculatlon of the comparison t - s t a t i s t i c  (Tc). The formula for 
the comparison t-statistic Is:  

Where W is the speclal ,weighting and t is taken from standard 
7-Tables a t  the 0.05 tpvel of significance. 

, .-- 
A declsion as t o  whether or not a s ta t l s t lca l ly  signiflcant increase (or 
decrease i n  the case of pH) has occurred between the two sets of values 
i s  made by comparing the 'I* and Tc values as follows: 

1) If T* is larger than  Tc, a significant increase has most likely 
occurred, and 

2)  In the case of pH, i f . the  absolute value of T* I s  larger than  T , 
a 'signiflcant change is  indlcated, wi th  negative values of f* 
indicat ing a decrease and positive values indicating an increase. 

Two upgradient wells (MU-12 and SW-2) a t  or near the FMPC were used i n  
the s ta t is t ical  evaluation t o  represent upgradient water quali ty i n  the 
glacial t i l l  and the sand and gravel aquifers, respectively. Heans and 
variances o f  indicator parameters ( L e . ,  pH, TOC, TOX, and specific 
conductance) tested on a quarterly basis over the past year for these two 
wells are provided i n  Table 2. 

Calculated variances for pH, specific conductance, and TOC are wi th in  
ranges typical for  these types of measurements. TOX variances are very 
large and can be attributed to the two order o f  magnitude increase i n  TOX 
concentrations recorded I n  the RCRA Round 3 (August, 1986) sampling d a t a  
(Reference 6) . 
Results of the s ta t i s t ica l  comparisons are sumnarized i n  Table 3. Table 
4 o f  this report contains a l ist ing o f  a l l  calculated T* and Tc 
s ta t i s t ics ,  as well as monltorlng oleant and vrrlances used i n  these 
comparisons. The downgradlent glacial t i l l  wells are 19TP, ZlTP, and 
22TP. As shown i n  Table 3, i t  i s  apparent t h a t  for the g l a t i a l  t i l l  
water bearing zone: 

1) TOX dld not significantly increase for either the upgradient well 
or any of the downgradient wells i n  the RCRA Round 5 sampllng, 
and 

16 
-n- 



TaMe 2 
8adtground Means and Variances lor  UpgrabsnS 

Wens 

MW-12 
Glacial Till We0 

PH 
Mean 7.68 

Val 1.36 E -2 

S.C. 
Mean I001 .s 

Var 5339.7 

Tw 
Mean 1672.3 

Var 1.15 E 7 

'Lrcx3 
Mean (4 1 

Var 0.0 

260 
sw.12 

Sand and Gravel Wen 

7.33 
7.53 E -3 

655.9 
397.2 

1631.7 
8.62 E 6 

(4 1 
0.0 

17 
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Table 3 
Statlstkal Cornparision Summary 

260 
Parame !err 

Glacial Till Wells speciriccond. '1oc 10( 

MW-12 
MW-19TP 
MW-21TP 
MW-22fP 

Increase Noctrarpe 

DeCreaSe bm Increase katange 
Decrease Increase tncreasa 

DeCreaSe Increase Increase 

Parame f e n  

Sand and Gravel Wells Specifi cond. Kx: Tc# 

sw-2 
MW-lSs  
MW-19d 
M w - 2 1 ~  
MW-22s 

. .  - . . -  
. . .  - _- . - .  . 

. .  . . .  

-13- 



Mean 
Vartance 
1' 
Tc 
Increase 

MWl 
Variance 
T '  
Tc 
Increase 

sp. cond.: 
Mean 
Variance 
1' 
Tc 
Increase 

pH: 
Mean 
Variance 
T '  
Tc 
ems 

TABLE 4 

CALCUUTEO TVTc STATlSncS 

WELL NUMBER (1) 260 

MW-12 MW-ISTP MW-21TP MW-22TP 

- 
10 10 

0 .o 0.0 
-2.1 9 

1.73 
bb 

1 
0 

N/A 
NfA 
bb 

877 
0 

- 7 . 6 2  
1.73 
N3 

7.81 

-2.19 
1.73 

hb 

s.5 
0.33 

15.59 
2.35 

YeS 

2522.5 
34425 
16.15 
2.33 

YeS 

6.73 

1 0  
0 

-2.1 9 
1.73 
b 

3 
0 

NfA 
NIA 
Yes 

970 
3654 
-0.92 

2.21 
hb 

7.1 8 
3.3E-OS 0.000292 v.vO0467 

4.71 -34.63 - 1  7.79 

37.5 
27.67 
-2.1s 

1.73 
M 

* 
3.7s 
0.25 

11.00 
2.36 

YeS 

2020 
19000 
14.30 

2.32 
YeS 

7.0 1 
0.0001 58 

-24.79 - .  - . - _  :2.11 2 . m  : 2.?S - 2.15 . 
Incr. O W .  O W .  O W .  

c 

(1) Each well compared to MW-12 background values 



260 WELL NUMBER 12) 

PARAMETER MW-198 MW-lSd 
7ax: 

Mean 12.25 10 
Variance 13.58 0 
T '  - 2 . 2 1  -2.21 
Tc 1.75 1.75 
Increase Pb N, 

Mean 1 1 
Variance 0 0 
T '  N/A N/A 
Tc N/A N/A 
Increase bb bb 

sp. m.: 
Mean 1037.5 1090 
Variance 1091.67 0 
1' 22.12 87.132 
Tc 2.3 1.75 
Increase YeS ver 

pH: 
Mean 7.33 7.05 

MW.218 MW-22s 

10 1 0  
0 0 

-2.21 -2.21 
1.7s 1 .?5 
b tb 

1 1 
0 0 

N/A N/A 
N/A N/A 
hb r43 

1105 1062.5 
. 4300 91.61 

13.54 58.85 
2.34 2.04 

Yes . Yes 

7.29 7.31 

sw-2 

26.5 
1.67 

-2.19 
1.7s 
k 

1 
0 

NIA 
N/A 

Eb 

597.25 
6.25 

-1 1.41 
1.79 

Eb 

7.38 
Variance - 6.?€-O5-6.67E-O5--0.O€l0467- -O.000292 - - - 0;0003 
1' 
Tc 

. . _  - -  

(2) Each well compared lo SW-2 background values 
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2) TOC concentratlons slgnlflcrntly Increased In a l l  downgradlent 
wells. Also, pH slgnlflcantly Increased In the up radlent well 
and slgnlflcantly decreased In a11 downgradlent we1 9 s. Speclflc 
conductance did not signif lcrnt’ly change In the upgradient well, 
but slgnlflcantly Increased In two of the three downgradient 
wells. 260 

RCRA Round 5 analytlcal data for the wells completed In the glaclal tlll 
water bearlng zone demonstrate that pH, TOC, and TOX are wlthln typlcrl 
groundwater ranges for these parameters (Reference Slgnlficant 
changes detected by the statlstlcal comparison may be re ated to natural 
fluctuations In groundwater quallty. Speclflc conductance for some of 
the wells completed In the glaclal till are elevated when compared to the 
upgradient well, but are amre conslstent wlth values reported for an 
offsite well (OS-1A) completed In the glaclal tlll. 

For the sand and gravel wells (19s, 19d, 21s, and 22s) Table 3 shows: 

1) pH, TOC, TOX, and speciflc conductance did not slgnificantly 
change In RCRA Round 5 groundwater sampllng for the upgradient 
well, 

2) TOC and TOX dld not significantly change in the downgradient 
wells In the Round 5 sampllng, and 

3) Speciflc conductance signlficantly increased in all downgradient 
wells and pH signlficantly decreased in one downgradlent well. 

The range of values for pH, TOC; and TOX for the downgradient wells 
appear to be nithln typlcal groundwater ranges. Signlflcant changes 
reported by the statistical comparisons may be related t o  natural 
fluctuatlons in water quality. Speclflc conductance values reported In 
the downgradlent wells completed I n  the sand and gravel aquifer are 
clearly elevated when compared to the upgradient well 

Based on the consistency of the results obtained durlng the past five 
rounds o f  groundwater sampl ing and analyses, the concluslon presented by 
the statistical comparisons should be considered accurate, with no 
confirmatory sampling and analysls required f o r  the indicator 
parameters. Further monitoring will be performed In conjunctlon wlth the 
proposed groundwater assessment program for the W. 

3 2 Addi ti onal Sampl I ng 

Additlonal analytlcal data, beyond that obtained from the past quarterly 
sampling at the FMPC, may be necessary to confirm the presence of 
hazardous waste or hatardous waste constituent$ in the groundwater. 
Monitoring wells will be resampled in order to confirm data accuracy and 
repeatabllity, If warranted. 

Further monitoring of the RCRA wells for Waste Pit No. 4 will be 
conducted as follows. First, the second semi-annual sampllng (Round 6) 
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will be completed b December, 1987 for 41 onsite and offtitc wells i t  
the Fnpc. The ramp r ing order for these wells Is shown In Table 5, with 
the analytical parameters rovided in Table 6. This sampllng event will 
conclude one full year 01 reml-annual RCRA groundwater monltorlng for 
Waste Pit No. 4 and will provide a sufficient database for further 
a s ses m e n  t noni tor i ng . 260 
The second fom of RCRA groundwater monitoring will be conducted under 
the current sitewide Remedial Investlgation/Feasibility Study (RI/fS) at 
the FHQC. This effort Will include the drllllng and installation of 
numerous groundwater monitoring wells which can be used in further 
establishing groundwater quality In the vicinity o f  Uaste Pit No. 4. Tm, 
we]) clusters have been installed at locations upgradient and 
downgradient of Waste Pit NO. 4, as tpeciftcally requested by Ohio and 
u.S. EPA. These clusters, shown In Figures 6 and 7, are located 
northwest o f  the Waste Pit Storage Area (upgradient) and {mediately 
northeast of Waste Pit NO. 4 (downgradient). Also, Well No. 124 (figure 
10) will be used as a RCRA upgradient glacial till monitoring well. 

The number and location of additional wells used in assessment monitoring 
at the fMPC is being addressed under the scope of the RI/FS and is 
discussed in Section 4.0 o f  this report. Results o f  hydrogeologic field 
program of the RI/FS will be used as a basis for the development of 
future RCRA groundwater monltoring plans at the FHPC. 

3.3 Operational Oata 

The analytical results of the recently completed Characterization 
Investigation Study (CIS), which was conducted by the fim of Roy F .  
Weston, Inc. for the Waste Pit Storage Area, will be evaluated when 
available. The CIS involved a sampling and analysis program specifically 
designed to characterize the wastes stored in the various waste storage 
facilities located at the FMPC. 

The CIS information will be used in assessing the potential impacts of 
these facilities on the local groundwater quality in terns of the 
presence of hazardous waste or hazardous waste constituents within the 
Waste Pit Storage Area. For example, if organics and/or metals are found 
in significant concentrations, groundwater samples from nearby 
downgradient wells will be analyzed for the Hazardous Substance List 
(HSL) parameters. In addition, geophysical survey information collected 
during the CIS will be evaluated as part o f  the groundwater quality 
assessment, as indicated in Section 5.0 of this report. 

3.4 Additional Well Installation 

As previously mentioned in Section 3.2, additional wells have been 
installed upgradient and downgradient of Waste Pit No. 4. These wells 
were completed in conjunction with the groundwater sampling program of 
the sitewide RI/FS, with their specific locations approved by both Ohio 
and U.S. EPA. A total o f  92 groundwater monitoring wells Is proposed for 
installation during the RI/FS. 

22 
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h n i  tdrlng Ye1 1 Saarpl trig Order 

Sam91 ing 
Order 

1 
2 
3 
4 
3 
6 
7 
0 
9 
10 
11 
12 
13 
14 
1s 
16 
17 
ia 

19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

39 
3a 

40 

4 1  

Ye1 1 
Numbe t 

It 
sw-2 
P- I 
8-2 
8-3 
Of-1 deep 
05-1 dug 
15s 
l6d 
16s 
1 td 
17s 
18d 
18s 
2od 
20s 
2OTP 
14d . 

14s 

9 
11 
13d 
13s 
8d 

8s 
10 

3 
I 
3 
ld 
IS 
19d 
19s 
19TP 
21s 
21TP 
22s 
22TP 
os- 1 

os-2 

OS-3 

260 locrt ion 

Off North access road 
Sou t hwer t col 1 ec tor 
West side productton area 
West side production area 
Water treatment Plant 
fam house on Yilley Road 
farm house on Yilley Road 
Pasture on Uilley Road 
Cuard training area 
Shooting range 
Yilley Road 8ridge 
Yilley Road 8ridge 
South o f  production area 
South o f  production area 
Southwest of production area 
Southwest of productjon area 
Southwest of production area 
Confluence o f  SSOO with 

Confluence of SSOO with 

Paddy's Run-East bank 
North o f  product ion area 
East of scrap metal site 
East of scrap metal site 
South of waste pit storage 

South o f  waste pit storage area 
East end of waste p i t  area 
Cast o f  pit 3 area 
South o f  pit 3 
South o f  pit 3 
North o f  K-65 tanks 
North of K-65 tanks 
Cast of pit 4 
Cast o f  pit 4 
Cast of pit 4 
South o f  pit 4 
South o f  pit 4 
Uest of pit 4 
Yest of pit 4 
Exterior tap in yard o f  

East side of Paddy's Run 

last side of Paddy's Run 

Paddy's Run 

Paddy's Run 

area 

frrn house off  Uilley Road 

Road 

Road 
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TABLE 6 
RCRA GROUNDWATER DETECTION MONITORING PARAMETERS 

A. for General Water Quallty I 

1.  Chloride 

2. Iron 

3. Hanganest 

1. Phenols 

S. Sodium 

6. Sulfate 

8 .  For Indicators of Contamination (Quadruplicate Analysis) 1 

260 

1. pH 

2. Spec i f ic Conductance 

3. Total Organic Carbon (TOC) 

4. Total Organ Halogen (TOX) 

C. For Drinking Water. Suitability 1 

1. Arsenic 

2. Bariua 

3.-  Cadmium 

4. Chromlum - Hexavalent 
- Total 

5. Fluoride 

6. Lead 

7. tlercury 

8. Nitrate 

9. Selenium 

10. Silver 

11. Gross Alpha 

12. Gross Beta 

13. Radium 

24 
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14.  lndrin 

IS. lindane 

16. Hethoxychlor 

17. Toxaphene 

18. 2.4-0 

19. 2.4,S-TP 

20. Col ifom Bacteria 

0. Site Specific Parameters 2 

T A B U  6 (Con't.) 

260 

1. Nickel 

2. Cyanide 

3 .  Copper 

4. Zinc 

5. Magnesium 

6. Calciua 

7. Phosphorus 

8. Chl orobenzene 

9. Chlorodi bromome thane 

10 . Chl oroethane 
11. 2-chloroethylvinyl 

12. Chloroform 

13. Oichlorobromomethane 

14. Oichlorod i f l  uorome t hane 

IS. Total Dissolved Solids (705) 

16. Total Potassium 

17. 

18. 

19. 

20.' 

21. 

22. 

23. 

24. 

25. 

26. 

27 - 
28. 

29. 

30. 

31. 

32. 

. .  

Chemical Oxygen Oemand (COO) 

Perch1 oroe thy1 ene ( same as No 

c i s  1.2 Oichloroethylene 

Tributyl phosphate 

krolein 

kryl onot r i 1 1 e 

Benzene 

bis (chloroarethyl) Ether. 

Ikow,fom 

Bromod i c hl orme t hane 

Bromine t hane 

Carbon te  trachlor idc 

Cblororaet hane 

1.2 Oichlorobenzene 

l B 3  Dichlorobenzene 

I,( Oichlorobenzene 
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33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

4 1 .  

Table 6 (Con't.) 

260 
1.1 Dichloroethane 42. 1.3  Oichloropropene 

1.2 Oichloroethane 43. 1,1,2,2 Tetrachloroethane 

1.1 Oichloroethylene 44. Tetrachloroethylene 

1,2 Dichloropropane 45. Toluene 

1,2 Dichloropropylene 46. I, 1,1 Tr ichloroe thane 
Ethyl benzene 47. 1,1,2 Trichloroethane 

Methylbromide 48. Trichloroethylene 

He thylchlor ide 

trans- 1,2 D i  chloroe thy1 ene SO. Vinyl Chloride 

49. Tr i c hl or o f 1 uorome t h ane 

E. Radionucllde 

. .  1. Potassium 40 

2. Total Uranium 

9. Cerium 137 

10. Strontium 90 
- - - -  3. Radium 226 - AI. Ruthenium 106 - ---- 

4. Radium 220 
---- 

12. Neptunium 237 . .  - - - -  

3. Technetium 99 13.' .Piuton'ium 238 

6. Thorium 228 14. Plutonium 239 

7. Thorium 230 15. Plutonium 240 

0. Thorium 232 

f .  Schedule - Quarterly for one (1) year, semiannual thereafter ( o r  as 
necessary according to regula tionr). 

'Required for RCRA and analyzed for each sample. 

'Not required for RCRA, but also analyzed for each sample. 

28 
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FIGURE 6 

PROPOSED UPGRADI EN1 WELL CLUSTER 27 
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All boreholes for the wells wI11 be advanced using cable tool drIlling 
methods and will follow the general procedures presented In the Quality 
Assurance Project Plan (QAPP) o f  the RI/FS. The use o f  these wells and 
resultlng groundwater datr Is the primary objective o f  the groundwater 
assessment program at the FMPC, and IS discussed In further detail in the 
following sectlon o f  thls report and the York Plan for the RI/FS 
(Reference 8) 

260 
4 .O ASSESSMENT PROGRAH IHPL€MEKTAfION 

sectlon of the Groundwater Quality Assessment Program Plan Introduces the 
techniques used to determine the concentration of hazardous waste or hazardous 
waste constituents in the groundwater and to dellneate the rate and extent of 
migration of these constltuents In the groundwater a t  the FMPC. The 
groundwater assessment program for Plt 4 at the FHPC wlll be completed as part 
o f  the RI/FS.  

4.1 Objectives and Justltication 

A major objective o f  the sitewlde RI/FS w i l l  focus on determinlng the 
potentlal effects of FMPC operatlons and waste disposal practices on 
1 oca1 groundwater. Groundwater assessment sampling will be completed 
withln the scope of the II/FS program. The overall objective o f  the 
RI /FS groundwater sampling program IS to satisfy Identiffed data gaps to: 

Determine If subsurface water-bearlng zones below the FMPC have 
been contamina ted, 

Determine- the concentrations-and-sources- o f  -contaminants onsi te, 

Characterize the rate and 'directfon o f  groundwater flow within 
each separate hydrologic unit, , - -  - . .  - - -  

Determlne the effects of groundwater pumplng and resul tfng 
recharge/dlscharge relationships on ground water flow and 
contaminant transport, 

Define areas of subsurface srigratlon and groundwater discharge 
for contaminants, and 

Determine the extent (both vertically and horizontally) of 
contamination from the FHK. 

The study will focus on ldentifylng sources of groundwater contamination 
and pathways for contaminant transport, and assessing the risk to 
potentlal receptors of the Identified contaminants. By properly defining 
the groundwater system and the sources and pathways o f  contamination at 
the FMPC, appropriate remedial actions can be consldered and their 
respective impacts will be assessed with respect to public health and 
environmental Issues. 

29 



4.2 Program Scopo and Well Placement Rational. 

As reviously aentloned In Sectlon 3.2, a total o f  92 monltoring wells 
wll P be Installed during the RI/FS. Three dlfferent water-bearing zones 
will be intercepted by the proposed monitorlng wells. Figures 0 through 
I2 show the locations of the exlstlng and proposed monitoring wells at or 
near the fHPC. 

260 

Proposed well locatlons were selected based on data gaps ldentlfied from 
previous groundwater studies and sampling results from exlstlng wells. 
The existlng well locatlons were used to the maximum extent posslble in 
establishing the aonltorlng network for this investigatlon. Yell depths 
at each locatlon were selected to provide necessary Information on the 
respect Ive aqui fer o f  concern. 

The number and speclfic locations of the new wells have been formulated 
around I7 unresolved technkal issues and related data needs. Table 7 
has been prepared to relate each new well (as identified by Its well 
number) to the issue or Issues that its specific placement will address, 
Most wells address multiple Issues, while each Issue is addressed by at 
least one well. In addition, Table 7 indicates the existing wells at 
each location to highlight the two- or three-well clusters being formed 
by the new wells. 

4.2.1 Glacial Till Aquffer 

The shallowest wells (100-series) will be completed primarily in the 
glacial tlll and wlll screen either the water table or Isolated perched 
groundwater. Based on stratlgraphic logs from existing borings on site, 
-it 1s estimated that the wells in the glacial till will be up to 3s feet 
deep. A total of 42 new shallow wells are proposed. 

The glaclal ti31 I s  the geologic unit most likely to be contamlnated by- 
direct contact with wastes and by surface -water infi?tratlng through 
waste areas and adjacent contamlnated soils.. In order to examine the 
extent of potential impact In the' soils overlying the regional aquifer, 
it will be necessary to place a grouping of shallow wells imediately 
around the waste storage unlts and other potentially contaminated areas. 
This approach is necessary because stratfgraphy within the till and near 
surface soils 4s variable and subsurface Interpretations cannot be 
extended accurately across large areas. Only local interpretations o f  
the f low system withln the glacial till are justifiable. 

Host of the 42 shallow wells will be cmpleted in the glacial till; 
however, the tlll may be very thin or absent in some proposed locations 
for shallow wells. Such a condition will not necessarily reduce the 
value of the shallow well and a 100-series well will be installed in the 
upper 35 feet o f  the geologic unit. 

- - . - -  

4.2.2 Sand and Gravel Aquifer 

The sand and gravel outwash deposits which underlie the glacial till are 
hydrologically less complex than the till. These deSosits are also more 
extensive and represent a regional -scale buried chancel aquifer which i s  

20 
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FIGURE 9 32 
100 SERIES WELLS- GLACtAC TILL FMPC FACILITY 
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@ PROPOSE0 YONlfORIMO WELLS 

) . .  

FIGURE 10 

100 SERIES WELLS- WASTE MANAGEMENT AREA 
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FIGURE 1 1  
2 0 0  S€RIES AND 300 SERIES WELLS - 

SAND AND GRAVEL AQUIFER 
FMPC FACILITY 34 
-297 



FIGURE 12 

200 AND 300 S€RfES WELLS- WASTE MANAGEMENT AREA 

-30- 
35 

'3. 



260 



beln used for water supply purposes. Results o f  anrlysls V p r e v l o u s  
tamp s es collected from existlng wells indicate potentla1 contamlnatlon In 
this aqulfer in the area lamediately downgradient of the Waste P i t  
Stora e Area. Analysls o f  samples frola offsltc wells to the south of the 
FMPC 1 ave also exhiblted elevated levels o f  uranlum (Reference 9). The 
nature and extent (vertlcrl and/or horlrontal) o f  this contamlnation has 
not been completely defined uslng the existlng aonltorlng well network. 
Based on a review of exlsting information, a serles o f  Intermediate depth 
wells (200-series) will be Installed to a depth o f  approxlmately 70 feet 
in order to screen the upper portlon of the sand and gravel aqulfer. 
Twenty two 200-series wells will be completed in thls portlon o f  the 
aqui fer . 
The available Information on the potential dovnward transport of 
contaminants from the upper portion of the sand and gravel aquifer Into 
deeper zones i s  insufficient at thls time. Because this aspect o f  
contaminant transport is critical to an assessment of the current and 
future effects of the ground water pathway, the propxed well locations 
for the sand and gravel aquifer were developed to Ezximlze the number of 
well couplets in the upper and lower zones of the sand and gravel 
aquifer. Nineteen new 300-series nells will be installed as a result of 
t h i s program. 

Three deep wells (400-series) may be lnstalled onsite below the 'blue 
clay' which underlies the upper sand and gravel aquifer In portions of 
the site. Data from exlsting wells completed in this zone have not 
indicated elevated levels of any radiological or ckmical constituents. 
In addition, the existlng data have not indicated that any contaminants 
reached the lower sand and gravel unit that directly overlies the blue 
clay. Since the blue clay may impede the dcnward .migration of 
contaminants to the underlying aquifer and no contuination is known to 
be present, the penetration of thls layer with borings and wells should 
be avoided if possible. 

The investigative approach for' the .400-serfes wells- will be to install 
the 300-serfes wells as part of this assessment plan to determine the 
quality of groundwater in the sand and gravel unit overlying the blue 
clay. If contamination is detected, then deeper wells (400-series) whlch 
penetrate the blue clay will be proposed. Some 400-serles wells may be 
proposed if it I s  necessary for purposes of the coeputer Plodellng study. 

Three 400-series wells are also proposed for offsite installation. Two 
we1 1 s are proposed to evaluate groundwater qual i ty and hydraul ic 
gradients vertically throughout the aquifer east of the site, where large 
pumping stresses might induce downward migration of contaminants into the 
deeper aqutfer zones. The third well is in an area outside the influence 
of the pumping wells and upgradient o f  the FMPC. A total of sixteen new 
monitoring wells at seven locatlons are proposed for installation 
offsite, with these data points to be included in the RI/FS data 
collection network. Proposed wells are located southwest, south, 
southeast, and east o f  the FHPC (see Figure 8). These monitoring wells 
will provide Information about the quality of water and vertlcal 
hydraulic gradients for the sand and gravel aqujfer so that an evaluation 
can be made about the magnltude, rate, and dirgction o f  potential 
contamination in the viclnity of the FMPC. 3'9 
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Additional information i s  required regarding thc quality o f  groundwater 
directly beneath the fHPC Production Area. 10 focus on the Production 
Area as a distinct source o f  groundwater contuinatlon and to assess its 
Impact on the water-bearing zones, monitoring wdh will be placed i n  the 
glacial till and the upper sand and gravel rqulfers in both upgradlent 
and downgradlent dlrectlons. No wells are curnntly propostd within the 
active Productlon Area; however, wells nay be proposed after the soils 
and radiological surveys are completed for the area, as well as detatled 
evaluation of exlsting data and modeling to resolve local groundwater 
patterns . 
Current lnformatlon suggests that groundwater i n  the till i s  not directly 
connected to groundwater i n  the underlying sand and gravel unit 
(Reference 9). Water levels in the two units are different, and the top 
of the sand and gravel unit I s  not saturated. Until the distributlon of 
constituents in the till is more clearly defined, the approach may be to 
drill each shallow well in the glacial till before advancing the 
corresponding deeper holes into the sand and gravel aquifer below. This 
will avoid the inadvertent spread of contaminants by drilling through 
potentially high concentrations o f  compounds. This procedure may be 
modified based on information obtalned in the field during the RI/FS. 

4.3 Installation Methods and Xaterials 

As previously discussed, all boreholes for wells installed dur'ing the 
R I / f S  will be advanced uslng cable tool drilling methods and wlll follow 
the general procedures presented In the QAPP. A temporary steel casing 
wtll be drlven as the borehole i s  advanced to the bottm of the hole. 
The temporary caslng will be nominal eight-inch dlameter to allow for 
construction of the monitoring well. Cuttings will be removed from the 
borehole using a sand pump or dart valve bailer, whichever proves more 
effective. During the process of drilling monitoring wells, relatively 
undisturbed soil samples wlll be collected with a split-spoon sampler. A 
typical monitoring well proflle is shown In FIgure 13. Section 5.12 of 
the QAPP provides additional information regarding drilling procedures. 

Shallow wells (100-series) will be screened (with 2-10 foot sections of 
screen) in the water table or in localized perched water zones in the 
till which overlies the upper portion of the sand and gravel aquifer, so 
that the top of screen is below the base of the tlll and ten feet o f  
screen below the water table with five feet above. The intermediate 
wells (200-series) will be screened at the top o f  the sand and gravel 
aquifer, so that the top o f  the screen is below the till base and at 
least ten feet below the water table. The deep wells (300-serles) will 
be screened (with 10 feet o f  screen) at the top of the 'blue clay' layer. 
In the event that blue clay is not encountered, the well will be screened 
at a depth approximately equal to the elevation o f  the top o f  the blue 
clay beneath the Production Area. The 400-series deep wells are to be 
screened so that the bottom of the screen Is ten feet from the top o f  the 
bedrock. 

The monitoring wells will be constructed in accordance with the well 
design and installation procedures detailed in Section 5.3 of the QAPP. 
Four-inch inside diameter (I .D.), screw-fit flush joint 316 stainless 
steel pipe will be used for well construction. Ten-foot sections o f  316 
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waste pfts; well 108 In the vicinity o f  the bio-surge lagoon; well 134 I n  
the vlcinity o f  K-6s SI10 No, 1; well 1-41 In the viclnlty o f  the lime 
sludge ponds; wells 145 and 148 In the fly ash pile areas; well 165 neat 
the Storm Sewer Outfall Ditch; and wells 109, 114, and 116 along Paddy’s 
Run 
The dlameter and rate o f  dlscharge o f  any potentti1 pumplng wells nay not 
be conduclve to a long-term pumplng test In the relatively permeable and 
extensfve sand and gravel aqulfer. The need for a long-tern pumping test 
will be determined only after the prellmlnary bodellng study can be used 
to predict the level of aquifer response that would be expected, 
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4 5 Groundwater SamPl Ins 

Groundwater samples Wlll be collected from new and selected exlsting 
wells. The new wells will include 43 100-series, 23 200-teries, 23 
300-series, and three 400-serles wells. Thlrty six addltional mnltoring 
wells that exist onsite, along with selected offsite wells, will be 
included in the samp’l ing network. Also, approximately slx 100-serles 
wells, six 200-serles sand and gravel aquifer wells, and six 300-serles 
sand and gravel aqulfer wells will be selected at upgradlent locations 
and sampled to establ Ish background concentrations. 

Sampling during the RI/FS will be performed Inmediately after all the 
wells have been installed and on three later occaslons durlng different 
seasonal condltlons. Additional well sampling wlll not be proposed untll 
the resultant data base t s  evaluated. Proper groundwater sampl lng 
procedures wlll be used to assure that no contaminatlon or blas is 
introduced Into any samples. A detailed discussion of sampling 
procedures I s  provlded in Sectlon 6.1 of the RI/FS QAPP. 

4.6 Sample Analysis -- - 

A total of 143 wells have been-identified for groundwater sample 
collection. Durlng Phase I actlvities, samples uill be collected from 
each of these wells on two occaslons. All samples will be analyzed in 
the field for pH, temperature, conductlvlty, and dissolved oxygen. 

Since the selectlon of each new well was specifically justifled within 
the context of the exlsting monitoring well network, It is necessary to 
analyze all groundwater samples for a full suite of radiological 
parameters and a more focused set of general water quallty .Indicators to 
achieve the overall study objectlves. All groundwater samples will be 
analyzed for a set of radiological parameters that include radlonucl ides 
or materials handled at the FMPC. These parameters, which are consistent 
with those previously tested during RCRA Rounds 1 4 ,  include: 

Total Uranium Total Thorium 
Isotoplc Uranium 
Isotoplc Plutonium Technetlu-99 
Radlurn-226 Cesiurs-137 
Radlum-228 Strontlum-90 
Neptuni urn- 237 Ruthenim-106 

Isotoplc Thorium 



All samples will al to  be analyzed for the following parameters that art 
being used as indicators of drinking water ruitrbllity under 
RCRA groundwater monitorlng program: 

'1 
PH 
Spec i f 1 c Conductance 

' Chloride 'Bd8iur 
' Iron 
' Manganese - 
' Phenols (Total) ' Lead 
Sodium x-' Mercury 

9 Sulfate -+- ' N i t ra t e 
' Gross Alpha Selenium 
' Gross Beta .' Silver 
' Total Organic Carbon ' Pestfcides/PCB's 

7broaius (Total and Hexavalent) 

groundwater samples will be analyzed for HSL volatile and semi-volatile 
organics and HSL organics, Including cyanide. Pesticides/PCB's will also 
be analyzed under this program. The wells to be sampled for HSL analysis 

The analysis of groundwater samples fo anics and other toxic 
metals will be performed on a limited for this reduced 
scope is twofold: 

aquifer east of the Production Area (No. 261), south of the Production 

1) The ongoing RCRA groundwater monitoring is currently testing for 
organics and metals on a sernl-annual basis at 41 onsite and 

. offsite well locations, and 

the naste pits, sludge ponds, and sanitary landfill to provide 
information about the presence or absence o f  HSL compounds in the aqutfer 
in this area (Well Nos. 201, 204, 208, 210, 211, 227, 234, 238, 242, and 

4 1  
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4.7 Croundwater Node1 Inp 

4.7.1 Evaluation o f  Hydrogeologic Reqim 
269 

An evaluatlon of the hydrogeologlc reglme will k performed based upon a 
review of project and hlstoric data. This tvaluatlon will provlde an 
understandlng o f  the groundwater flow and chemical species, as well as 
the dlstribution observed at the FHPC. The evaluation will also Include 
a water balance for the slte to establlsh recharge to the aquifers, 
comunlcatlon between aqulfers (dlrectlon and rate), and the dfrectfon 
and rate of groundwater flow. An lnvestlgatlon of the observed chemical 
specles concentratlons In the solls and groundwater, relative to 
dlsperslon analysis and the results of the water balance, will be 
performed to establlsh the potentlal source loadings and to permit 
evaluatlons of the mass transport parameters required for subsequent 
numerfcal model lng. 

The water balance wlll be performed for the site to evaluate recharge 
rates through the glaclal till and stream channels Into the burled 
channel aquifer. The analysls will conslst of evaluating Information on 
site soils and local meteorology to establish rates of evapo- 
transpiration, preclpltation, surface water runoff, and lnfil tration. 
Infiltration and percolation through the till and stream beds will be 
evaluated to assess recharge to the underlying aquifers. The 
significance of existing production wells In the viclnity of the site 
will also be evaluated during thls assessment. Additionally, the 
potential leakage assoclated with the site sewer system will be 
addressed. 

The distribution of chemical species in the grounbwater will be evaluated 
to assess the species mass loadlngs associated with recharge of the 
aquifer, and to assist in understanding the existing conditions. 
Existing closed-form. soluttons for dltpersion t o  uniform f low rlll be 
utilized to identify reasonable distributloa patterns whlch are 
consistent with the observed results fron s l t e  wnltoring wells. By 
establishing estimates of mass loadlngs to the aquifer, geochemical 
parameters for the mass transport analysfs can be developed. 
Irreconcilable differences between observed data and the results of the 
analysis may suggest areas for  further data collection. 

4.7.2 Planning Level Model inn Study 
In 1985, Geotrans, Inc. completed a modeling study of the buried channel 
aquifer near the fHPC. The results o f  thls study indicated the potential 
presence o f  a groundwater divide in a location different from the north- 
south alignment prevlously conjectured. Geotrans uti1 ited the results of 
the study to recomend that additional wells be strategically placed to 
confirm the new findings, slnce such findings could have an effect on 
contaminant pathways and the interpretation of historical data. 

The previous work by Geotrans illustrates the valoe of a numerical model 
in planning field activities. In particular, the application of even a 
groundwater flow model rather than a more complex contaminant transport 
model, can provide considerable insight into the direction and rate of 

42 
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. .  
roundwater flow In lieu of field data. Examples o f  the types of 

fnfomation that can be derlved froa a model Include: 
260 

1) Identlflcrtion o f  aberrant local roundwater flow patterns that 
may be lnduced by a combination o P stresses, but which would not 
be otherwlse known when plrnnlng field efforts, 

2) Oeterminatlon of expected patterns of groundwater flow from waste 
sources, thereby alding in any plume wnltorhg, 

3) Assessment o f  the degree of Interaction between aquifers or 
between streams and aquifers, which would reduce the level of 
uncertalnty In deciding on the need to monitor multiple aquifers 
in a given area, 

4) Approximation of travel times, which when used in combination 
with long-term monitorlng results could provide insight into 
aqui fer f 1 us hi ng times, 

5) Estimation of dilution, which i s  important to the pre-evaluation 
of public health and environmental risks, and 

6) Evaluation o f  the limits o f  upgradient dispersion to ensure that 
planned background wells are indeed outside of any potential 
contaminant plumes. 

The above information can be considered a planning tool to future 
monitoring programs and a 'check. to increase confidence in existing 
field data and its interpretation. 

Preliminary hydrogeologic simulations will be performed. This will aid 
in the evaluation and - Interpretatton - e f  the -data- .and. -will allow 
predictions regarding contaminant migration pathways from potential 
source areas. 

Only models capable o f  three-dimensional solute transport simulation will 
be considered for the groundwater assessment program at the FMPC. The 
reason I s  that any modeling efforts carrled out as part o f  the data 
evaluation work will represent a first step in the application of the 
same model code to subsequent assessment tasks uhen solute transport 
becomes critical. The initlal effort will be limited to groundwater flow 
modeling since this alone will provlde the necessary input to a 
groundwater sampling plan at offsite locations. 

Two well-verified and widely accepted groundwater d e l  codes, along with 
numerous analytical problems, have been selected for use in the SWIFT I 1 1  
model code verification. The model codes to be used are: 

1) GEOFLOW, a two dimensional (2-0) and quasi-three-dimenslonal, 
finite element model capable of solving groundwater flow and 
solute transport problems developed and verified by IT 
Corporation, 
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2) HcDonald and Harbaugh, 8 three-dlmentionrl (3-0)  finite 
difference groundwater flow model developed by the U.3. 
Geol ogicrl Survey. 

Data from the RI/FS study area will be used to construct slmflar models 
using these codes so that comparisons of modelhg results can be made for 
the same project settlng and flow and solute transport condttlons. 

260 

fhe conceptualization o f  the model Will invo'lvt the development and 
quality control 'check' o f  the input data base, as well os the 
establishment of meaningful boundary conditions and initial conditions. 

Data requiring development and review include the geologlc setting, 
ini tial potentiometric head distribution in each aquifer, fluid 
transmission and storage propertfes, and haturd or man-made rechar e and 
discharge terms (e-g., pumping). Any newly compiled data wi s 1 be 
revlewed and appropriate changes to the input data base will be made. 

4.7.3 Hydrogeol ogic SImul at i on 
The objectives of the computer simulations of groundwater flow and mass 
transport are to: 

Determine groundwater flow rates and directions, 

Further define and quantify recharge, 

Eva1 uate the observed water qual i ty data relatlve to the 
identified sources in terms of chemical constituent loading rates 
to areas of the aquifer, c 

Predict current and future contaminant transport patterns for use 
In the 'Risk Assessment', and 

Provide a framework for predicting and evaluating the effects of 
proposed remedial alternatives in the Feasibility Study phase of 
the RI/FS. 

To achieve these objectives, the three-dimensional model developed for 
the planning level modeling study will be updated with the new project 
data and a contaminant transport code will be Incorporated. 

For further detailed information regarding the simulation methodology, 
such as model development, model setup (both horizontal and vertical 
planes), model input data, model validation, and sensitlvity analyses, 
the RI/FS Work Plan (Reference 8) should be consulted. 

4.8 Geophysical Methods 

As part of the recently completed CIS, geophysical surveys were conducted 
on portions of the FMPC to provide information on waste concentrations 
and shallow stratigraphy. An additional objective was to identify 
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. '  locations potentially dangerous for drilling due to buried steel druns or 
tanks (Reference 10) . 
Magnetic and electromagnetic terrain conductivity and ground penetrat ing 
radar surveys were conducted in the waste storage area, including Pit 
Nos. 1 through 4, the burn pit, the sanitary landflll, and the south l im 
sludge pond. An addi tlonal ground penetrating radar survey was performed 
along the slurry line to the K-65 Silos. Electroma netic terrain 
conductivity surveys were also performed at the slurry ? ine, K-6s and 
metal oxide silos, upper and lower fly ash piles, the southfield area, 
and along Paddy's Run and the storm sewer outfall ditch. All geophysical 
survey locations are shown In Figures 14 through 17. 

260 

A substantial volume of buried ferrous metal, possibly including steel 
drums, was identified fron the magnetic surveys In Pit Nos. 1, 2, and 4, 
the burn pit, and the sanitary landfill. Smaller volumes were identified 
in pit No. 3, while little to no evidence of buried ferrous metal was 
observed at the south lime sludge pond. 

Ground penetrating radar (GPR) indicated the presence o f  other buried 
solid waste material (e.g., bricks and other construction debris) in Pit 
Nos. 1 and 4, and the sanitary landfill. lesser amounts were indicated 
In the south lime sludge pond and at Pit No. 3. Attenuation of 
electromagnetic energy resulting from shallow, conductive material was a 
particular problem in the burn pit and Pit Nos. 2 and 3. As a result, 
very little information could be derived' fro0 the GPR data at these 
1 oca t i ons . 
High apparent conductivity measurements at Pit Nos. 1 through 4 and the 
burn pit which could not be interpreted as evidence o f  liquid waste 
containing high total dissolved sol id concentrations. In addition, 
anomalously high apparent conductivity measurements support the existence 
of lateral contaminant transport occurring east o f  Pit No. 2 and south 
and west o f  the K-65 and metal oxide silos. Possible-groundwater plumes- 
within the fine-grained glacial deposits are present at these two 
locations; however, cul tural interference may have been a contributing 
factor in the latter case. Elsewhere, no hard conclusions can be 
formulated regarding the water quality in the glacial materials based on 
the surface geophysical measurements . 
The results o f  the CIS geophysical surveys, along with waste 
characterization data obtained during the CIS, will be used in further 
assessing the effects of FHPC operations on groundwater quality at the 
FMPC under the current RI/FS program, 

5.0 SCHEDULE 

The implementation of the Groundwater Quality Assessment Program at the FHK 
i s  currently underway. A maJor objective of the sitewide RI/FS is to assess 
the effects o f  FMPC productlon and waste operations on the local groundwater 
quality. 

Figure 18 provldes a graphical representation of the project master schedule 
for the RI/FS program at the FHPC. This schedule reflects the various time 
elements required to complete specific tasks of the RI/FS.--  The 
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, FIGURE 14 LOCATION OF THE MAGNETIC SURVEY AT 
THE FMPC, FERNALD, OHIO 
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FIGURE 15 LOCATION OF THE EM31 SURVEY AT 
THE FMPC, FERNALD, OHIO 
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FEED YI~LCUIU PROOWN m a  
mNALD.OHl0 

YIC OPTME WAS= WOMUtL MU 
WEST SOL U l O W  OF U T I  

FIGURE 17 LOCATION OF 7HE GPR SURVU A t  
THE FMPC, FERNALD, OHIO 

49 



v) 
#- z 
W > 
W 

260 

. . .  
-cIc 



~ .. . 260 

ti 
hydrogeol lcal field pr ram wlll be conducted art of the total site 

task ti- frame. Remedlal alternatives ull1 be tdentlfled and select8 8s 
needed during Tasks 11 through 14 of the RI/FS program. These alternatives 
ut11 address the flndlngs of the groundwater qua) fty assessment conducted 
durtng the site investigath. 

tnvestigat 7 on task, wlth 7 atr asslrllation completed s urlng the slte anal s i g  

Detalled information regardlng the RI/FS project organitatton, sumary, and 
breakdown, as well as vatlous schedule and reportfng tequlrementt rssoclated 
w i t h  the overall RI/FS progru, I s  provlded In Sections 6.1 through 6.5 of the 
RI/FS Work Plan (Reference 8) . 
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CIS 
OOE 

EP 

EPA 

f FCA 

f MPC 

ft/day 

f t/ft 

GQAPo 

9Pd/ft 

GPR 

ACRONYMS AND ABBRNIATIONS 
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HSL 

MSL 

M1 

os 
PCB 

QAPP 

RCRA 

RI/FS 

sc 
sw-2 

T* 

TC 

Code of Federal Regulrtfonr 

Character i z a t  ion Inve t t l ga t  ion Study 

U.S. Oepartment o f  Energy 

Extraction Procedure 

Environmental Protectlon Agency 

Federal Facll i ty Compl lance Agreement 

Feed Hater i a1 s Product i on Center 

Feet per day 

Foot per foot 

Groundwater Qual t ty  Assessment Program 
Out1 i ne 

Gallons per day per foo t  

Ground Penet ra t fq  Radar 

Hazardous Substances 11 s t  

Hean Sea level 

Honitoring Yell 

Offs i te  

Pol yc h l  o r  i na t ed Biphenyl 

Qual i t y  Assurance ProJect 91 an 

Resource Conservation and Recovery Act 

Remedial Investigation and Feasibl l  i t y  
Study 

Specific Conductance 

Southwestern Ohio Yater Company - 
Collector No. 2 

T-s t a t  i s t ic 

T- s t a t  i st i c (compari son) 

T- st a t  i s t i c (moni tori ng ) 
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TEGO 

Toc 

TOX 

TP 

U.S. €PA 

*b 

"In 

WMCO 

(COHl ' 0 )  
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c (background) 

En forccwnt Cu idance Document 

Total Organic Carbon 

Total Organlc Halogens 

Test Pit 

Unl ted States Environmental Protection 
Agency 

Welght i ng factor (background) 

We i gh t 1 ng factor (mon 1 tor 1 ng ) 

Westinghouse Materials Company o f  Ohio 
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GROUNDWATER QUALITY ASSESSMENT PROGRAM OUTLINE 260 

1.0 INTRODUCTION 

Waste Pit t 4  at the Feed Materials Production Center in Fernald, Ohio  I S  
subject to regulations o f  the Resource Conservation and Recovery Act ( R C R F ) .  
Interim status regulations (as described in Task A7 o f  the Federal Facilities 
Compliance Agreement FFCA) are addressed by this Response which presents a 
Groundwater Qual i ty Assessment Program Out1 ine (GQAPO) prepared in conformance 
with 4OCFR 265.93 (a). The intent o f  this Outline is to present a groundwatsr 
monitoring program which is capable of identifying: 

- Whether .hazardous waste or hazardous waste constituents have entered 
the groundwater. 

The rate and extent of migration of hazardous waste or hazardous waste 
constituents in the groundwater. 

- 

- The concentration of hazardous waste or hazardous waste constituents 
i n  the groundwater. 

In the event that implementation of the GQAPO becomes necessary, a more 
detailed Work Plan will be developed for review and approval by the 
appropriate regulatory agencies prior to GQAPO initiation. This Groundwater 
Quality Assessment Program Outline will be modified as necessary to address 
groundwater quality in each of the groundwater bearing regimes which underly 1 
Pit 4. 1 

2.0 FMPC GEOLOGY AND HYDROLOGY 

The FMPC is located in a two-mile wide valley filled with glacial deposits. 
This valley parallels the Great Miami River between the towns of Ross and 
Hooven, Ohio. A generalized geologic cross-section for the FMPC site area is 
presented in Figure 1. 

- In Late Ordovician time (approximately 450 million years ago) 
sediments which would become a predominantly flat-lying shale with 
thin interbedded limestone were deposited in a shallow sea. This 
shale (a part o f  the Cincinnatian Series) is the relatively 
impermeable bedrock which now underlies the FMPC site area. 

- Sometime prior to, or perhaps contemporaneous with, Pleistocene 
glaciation, a large watercourse (larger than the present-day Great 
Miami River) cut its channel into this shale bedrock to a level o f  
more than 200 feet below that o f  the present-day Great Miami River. 
This approximately two-mile wide channel (informally called the New 
Haven Trough) may be an abandoned course of the ancestral Ohio River. 1 
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- During subsequent P l e i s t o c e n e  g l a c i a l  advances and r e t r e a t s  a c r o s s  

the s i t e  a r e a  (I11 inoisan-approximately 300,000 y e a r s  t o  400,000 yea r s  
ago and Wisconsinan-approximately 100,000 yea r s  a g o ) ,  the  New Haven 
Trough was f i l l e d  w i t h  about 200 f e e t  of g l a c i a l  sediments .  These 
sediments  were depos i t ed  by wa te r  r u n n i n g  from t h e  margins o f  the 
g l a c i e r s  and c o n s i s t e d  mainly o f  well so r t ed  sand and g r a v e l .  
Deposited on top  of t h e s e  sediments was a b l anke t  of c l a y - r i c h ,  
r e l a t i v e l y  impermeable g l a c i a l  t i l l  from a more r ecen t  e v e n t .  

- Erosion by the  Great Miami River and i t s  t r i b u t a r i e s  then removed 
s i g n i f i c a n t  p o r t i o n s  of the g l a c i a l  t i l l  and l e f t  t e r r a c e  remnants 
which s tand topograph ica l ly  h i g h e r  t h a n  surrounding bottom l a n d s .  The 
FMPC s i t e  l i e s  on t o p  of one of t h e s e  t e r r a c e  remnants. 

2.1 SAND AND GRAVEL AQUIFER 

Unconformably overlying the s h a l e  bedrock i s  a sequence of h igh ly  permeable 
sand and g rave l  g l a c i a l  outwash d e p o s i t s  l a i d  down by the meltwaters  o f  
receding c o n t i n e n t a l  i c e  s h e e t s .  These outwash d e p o s i t s  g e n e r a l l y  c o n s i s t  o f  
a n  unconsol idated medium t o  c o a r s e  g r a i n e d ,  o l i v e  brown 200 f o o t  t h i c k  l a y e r  
of sand and g r a v e l .  The sand and g rave l  l a y e r  i s  arranged i n  i r r e g u l a r l y  
a l t e r n a t i n g  l a y e r s  of s i l t y  sand,  medium t o  coa r se  sand, and medium t o  coa r se  
g r a v e l .  

I n  the v i c i n i t y  of the Waste P i t  S t o r a g e  Area, t h i s  l a y e r  i s  s e p a r a t e d  i n t o  
two uni ts  by a 10 t o  20 f o o t  t h i c k  l a y e r  of g reen i sh -b lack  s i l t y  c l a y .  The 
FMPC product ion wells a r e  completed below th i s  "blue c l a y "  l a y e r .  T h i s  blue 
c l a y  l a y e r  u n d e r l i e s  about 360 a c r e s  o f  the s i t e  and appa ren t ly  occur s  only i n  
t h e  v i c i n i t y  of the Waste P i t  S to rage  Area and t h e  production w e l l s .  I t  was 
probably d e p o s i t e d  i n  an i c e  marginal l a k e  o r  a s  a backwater d e p o s i t  o f  a 
g l a c i a l  s t r eam.  The t o p  of  t h i s  " b l u e  c l a y "  l a y e r  l i e s  about 125 f e e t  below 
t h e  land s u r f a c e .  

Hydro log ica l ly ,  the sand and g rave l  above and below the "b lue  c l a y "  l a y e r  a c t s  
a s  a s i n g l e  u n i t .  The  "b lue  c l a y "  l a y e r  i s  not s u f f i c i e n t l y  e x t e n s i v e  t o  a c t  
a s  an a q u i t a r d  and no s i g n i f i c a n t  head d i f f e r e n c e s  e x i s t  between we l l s  
completed above and below this  l a y e r .  

T r a n s m i s s i v i t i e s  and h y d r a u l i c  c o n d u c t i v i t i e s  f o r  t h e  sand and gravel  a r e  
r e p o r t e d  t o  range from 35,000 gpd / f t  t o  300,000 gpd/ft  and 270 f t / d a y  t o  370 
f t / d a y  r e s p e c t i v e l y .  Total  p o r o s i t i e s  have been est imated a t  25%. Average 
h y d r a u l i c  g r a d i e n t s  f o r  the area measured by the USGS from water  l eve l  
measurements made i n  August, 1982 a r e  low and were c a l c u l a t e d  t o  range from 
0.001 f t / f t  t o  0.005 f t / f t .  Using this d a t a ,  t he  r a t e  of groundwater movement 
( h o r i z o n t a l  groundwater v e l o c i t y )  i s  c a l c u l a t e d  t o  range betwen 1 . 1  f t l d a y  and 
9 . 3  f t / d a y .  

Figure 2 i s  a Dames & Moore water l e v e l  contour  map f o r  the sand and gravel 
a q u i f e r .  This map shows t h a t  groundwater movement i s  g e n e r a l l y  t o  the e a s t  
i n  t h e  a r e a  around P i t  4 .  The upper 20 t o  30 f e e t  of the sand and gravel  
d e p o s i t s  are not s a t u r a t e d  and water i n  t h i s  a q u i f e r  occurs  approximately 60 
t o  90 f e e t  below land s u r f a c e  depending upon s u r f a c e  e l e v a t i o n  and t h i c k n e s s  
of t i l l .  
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2 .2  GLACIAL T I L L  260 
At the surface of the site and overlying the sand and gravel outwash deposits 
is a 20 to 50 foot thick layer o f  glacial till composed of a dense, olive-gray 
silty clay. The till varies in texture and composition both laterally and 
vertically and contains lenses of poorly sorted fine to medium grained sand 
and gravel. The base of the till occurs at about elevation of 540 ft MSL and 
over1 ies  the^ sand and gravel outwash deposits. 

To the west and south of the site, the silty clay till laterally grades into a 
sequence of silty sand and silt with some layers of silty clay. The silty 
caly till continuous to the north and east of the site and directly overlies 
the bedrock in these areas. In the lower reaches of Paddy's Run and the storm 
Sewer Outfall Ditch, and silty clay till has been eroded away and the 
under-lying sand and gravel are exposed. 

A saturated zone occurs within the silty clay till approximately 4 to 9 f e e t  
below land surface in some areas of the FMPC site. This saturated zone w a s  
encountered in three shallow wells around Pit 4 (MW-lgTP, MW-21TP and MW-22TP) 
and is probably recharged by precipitation. It was not detected i n  test pits 
near well clusters to the east and south of the Waste Pit Storage Area. This 
saturated zone may be present because of vertical variations of composition 
and texture of the till, or near-surface weathering or desiccation induced 
fracturing of the till. 

Aquifer testing of  this saturated zone has measured hydraul ic conductivities 
of 0.2 ft/day to 2.5 ft/day with associated transmissivities of 3.5 gpd/ft to 
150 gpd/ft. 

3 . 0  IDENTIFICATION OF WHETHER HAZARDOUS WASTE OR HAZARDOUS WASTE CONSTITUENTS 
HAVE ENTERED THE GROUNDWATER 

This section o f  the Pit 4 Groundwater Quality Assessment Program Outline 
describes the four techniques which are used to identify whether hazardous 
waste or hazardous waste constituents have entered the groundwater. These 
techniques include: statistical re-evaluation, well re-sampling or sampling 
o f  additional wells, review of operational procedures and additional well 
i nst a1 1 at i on. 

3.1 STATISTICAL RE-EVALUATION 

The use of the student's t-test is required for groundwater monitoring data 
under 40 CFR 265 Subpart F.  For each indicator parameter, arithmetic mean and 
variance are calculated, based on four rep1 icate measurements of each sample 
from the Pit 4 RCRA wells and compared to the initial background arithmetic 
mean. The student's t-test will be used at the 0.01 level o f  significance to 
determi ne statistically significant increases over ini ti a1 background. 

In accordance with EPA guide1 ines, Cochran's Approximation to the 
Behrans-Fisher Student's t-test will be applied to the laboratory analytical 
results for TOX, TOC, pH, and specific conductance. The background and 
monitoring means and variances of the data are used to compute two variables, 
the t-statistic (t*) and the comparison statistic (tc). 
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Comparison of the t* and tc values, based upon the decision rules2i6QO C F R  
Part 264 (Appendix IV), identifies whether there has been a statistically 
significant change in the above referenced parameter. Specifically, for each 
parameter except pH, if t* i s  greater than tc, then a statistically 
significant increase in that parameter has occurred. In the case of pH. i f  
the absolute value of t* is greater- than tc, a significant change h a s  
occurred, with the negative values of t* indicating a decrease and postive 
values indicating an increase. 

The ultimate goal of the statistical re-evaluation is to verify mathematically 
t h a t  hazardous waste or hazardous waste constituents have entered the 
groundwater. Actual implementation of the (GQAPO) as described in t h i s  
document is contingent on the identification of hazardous waste or hazardous 
waste constituents have entered the groundwater. If statistically significant 
changes are detected in the indicator parameters, the FMPC will immediately 
resample and determine if this change was due to laboratory error. I f  a 
significant change i s  confirmed, then the FMPC will enter assessment 
monitoring (see Section 4.0). 

. 3.2 WELL RE-SAMPLING OR SAMPLING OF ADDITIONAL EXISTING WELLS 

Additional analytical data beyond that obtained from quarterly sampling at the 
facility may be necessary to confirm the presence of hazardous waste or 
hazardous waste constituents materials in the groundwater. We1 1 s wi 1 1  be 
resampled in order to confirm data accuracy and repeatability of warranted. 
Currently, quarterly samples are collecter from fourty-one (41) on-si te and 
off-site wells as part of groundwater monitoring efforts at the FMPC. These 
wells are listed in their respective sampling order in Table 1 and are shown 
in Figure 3. 

Extensive groundwater monitoring programs are underway at the Feed Materials 
Production Center to support ,activities relating to waste storage area and 
site-wide Remedial Investigation/Feasibility Studies (RI/FS) and the 
Environmental Impact Statement (EIS). Associated with these programs is the 
drilling and installation of numerous wells specifically designed to monitor 
groundwater in the vicinity of Pit 4. 

The number and location o f  wells that could be sampled to provide 
supplementary groundwater quality data related to Pit 4 cannot be specified at 
this time. However, wells currently are available both upgradient and 
downgradient o f  Pit 4 in predominant groundwater flow directions. Groundwater 
sampling will be conducted with strict adherence to EPA approved procedures 
(Ref. 1, 2 and 7). Current groundwater analyses consist of the parameters 
listed in Table 2. 

3.3 REVIEW OF OPERATIONAL PROCEDURES 

In the event o f  a statistically significant increase in water quality 
indicator criteria, a review of recent Pit 4 operational/disposal procedures 
will be conducted. This review will help assess if a change in operational or 
disposal practices at the Pit or the site may have effected local groundwater 
quality. The review will include correlation of recently disposed waste with 
affected water quality indicators, examination of inspection reports and 
manifest or log sheets for unusual occurrences, and an assessment of the 
physical integrity of the wells reporting the statistically signifi a t 64 
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TABLE 1 260 

Sampl i ng 
Order 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

' 11 
1 2  
13 
14 
15 
16 
17 
18 

19  

20  
21 
22 
23 
24 

25 

27 

29 
3 0  
31 
3 2  
33 
3 4  
35 
36 
3 7  
3 8  
3 9  

2 8  

40  

41 

Honi tori ng We1 1 Sampl i ng Order 

We1 1 
Number 

12 
sw-2  
P -  1 
P-  2 
P-3 
OS- 1 deep 
OS-1 dug 
15s 
16d 
16s 
17d 
17s 
18d 
18s 
2 Od 
2 0 s  
20TP 
14d 

14s  

9 
11 
13d 
13s 
8d 

8s 

3 
4 
5 
Id  
1 s  
19d 
19s 
19TP 
21s 
21TP 
2 2 s  
22TP 
os- 1 

o s - 2  

o s - 3  

Loca t i on 

O f f  North a c c e s s  road 
Southwest c o l l e c t o r  
West s i d e  product ion  a r e a  
West s i d e  product ion  a r e a  
Water t r ea tmen t  P1 a n t  
Farm house on Willey Road 
Farm house on Wil ley Road 
P a s t u r e  on Wi 1 l e y .  Road 
Guard t r a i n i n g  a r e a  
Shoot ing range  
Wil ley Road Bridge 
Wil ley Road Bridge 
South of product ion  a r e a  
South o f  p roduct ion  a r e a  
Southwest o f  product ion  a r e a  
Southwest o f  product ion  a r e a  
Southwest of  product ion  a r e a  
Confluence of  SSOD w i t h  

Confluence of SSOD w i t h  

Paddy's Run-East bank 
North of product ion  a r e a  
Eas t  o f  s c r a p  metal s i t e  
Eas t  of  s c r a p  metal s i t e  
South o f  was te  p i t  s t o r a g e  

South o f  was te  p i t  s t o r a g e  

Eas t  of p i t  3 a r e a  
S o u t h  of  p i t  3 
South of  p i t  3 
North of  K-65 t anks  
North of  K-65 t a n k s  
Eas t  of  p i t  4 
East  of  p i t  4 
Eas t  of  p i t  4 
South of  p i t  4 
South o f  p i t  4 
West of  p i t  4 
West of  p i t  4 
E x t e r i o r  t a p  i n  yard o f  

East  side of  Paddy's R u n  

East  s ide o f  Paddy's Run 

Paddy's Run 

Paddy's Run 

a r e a  

a r e a  

farm house o f f  Wil ley Road 

Road 

Road 

c 

6% 

-7- 



Tab le  2 

\ 

RCRA GROUNDWATER 
DETECTION MONITORING PARAMETERS 

A. For 6enerrl Mater Nr’llty 

1. Chlorlde 
2. Iron 
3. Manganese 
4. Phenols (total) 
5. Sodlum 
6. Sulfate 

8. For Indicators O f  Contamination (Quadrupl fcate Analysls) 

1. pH 
2 .  Speciffc Conductance 
3 .  Total Organic Carbon (TOC)  
4. Total Organic Halogen ( T O X )  

C. For Drinking Water Suitability 

1. 
2 .  
3 .  
4 .  

5. 
6. 
7. 
0. 
9. 

10. 

Arsenlc 
Barium 
Cadmi um 
Chromium - Hexavalent 
F 1 uorf de 
lead 
Mercury 
Nltrrtc (as N) 
Setanlam 
Si 1 vcr 

- Total 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

Gross alpha 
Gross beta 
Rad f urn 
Endrin 
L I ndanc 
He thoxychl or 
foxa phenc 

2, 4, STP Sllvcx 
Col i fom Brcterlr 

2, 4-0 

260 

0 .  Other Metals, Organics, and Site Specific Parameten 

1. 
2.  
3 .  
4.  
5. 
6.  
7. 

9 .  
10. 

a. 

Nickel 
Cyan i de 
Copper 
Zinc 
Magnes i um 
Ca 1 c i urn 
Phosphorus 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

2-chloroethyl vi nyl E t  her 
Ch  1 o r o f o m  
Oichlorobromomethane 
Dichlorodl fluoroarethane 
Total Dissolved Solids (TDS) 
Total Potassium 
Chemical Oxygen Oemand (COD) 
per Chloroethylene 
cfs 1, 2 Dichloroethylene 
Tributylphosphate 
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21. 
22. 
23. 
24. 
2s . 
26 . 
27 . 
20. 
29. m. 
31. 
32. 
33 . 
34. 
3s. 

A 
A 
8 
b 
E 
E 
B 
C 
C 
1 
1 
1 
1 
1 
1 

crole In 
cryloni trl le 
cnztne 
ds(chlormthy1) Ether 
Iroaw,fom 
Iroamdlc hl oroawt hane 
Irosloa# thane 
:arbon t o  ttrchl o r  Ida 
:M o r a s  thane 
, .2 Olchlotobenzene 
l ,3 Dtchlorobcnrenc 
, .4 Olchlorobenzenc 
, , 1 Oichlorocthant 
, ,Z Olchlotoethanc 
,.l Oichlorocthylene 

36. 
37.  
30. 
39. 
40 . 
41. 
42 . 
43 . 
44. 
45 . 
46 . 
47. 
18. 
49. 
so. 

1 ,2  Olchlor0prOpdne 
1.2 OichloroProPylcne 
E thylknzcnc 
Ik thylbromf de 
nC thylc hl Or1 de 
trans- 1 D 2 Ofch1oroc thyl enc 
1.3 OlchlorOProOcne 
1D1Dt.t Tetrachloroethane 
Te trachloroe thyl cnc 
Tou 1 em 
1 , 1.1 frl c h1 or@ thane 
1,l.Z Trfchloroethane 
Trl chlonn t hyl ena 
Trlchlorof 1 UOfOsY thane 
Vfnyl Chloride 

260 

E. Radfonucl Ides 

1. Potassfurn 40 9. Ces ium 137 
2. Total Uranfum 10. Strontfum 90 
3 .  Radium 226 11. Ruthenlum 106 
4 .  Radium 228 12. Neptunfum 237 
5 .  Technetfum 99 13. Plutonium 238 
6 .  Thorlum 228 14. Plutonium 239 
7. Thorfum 230 15. Plutonfum 240 
8. Thorium 232 

F. Schedule - Quarterly for one ( 1 )  years, semlrnnual thereafter ( o r  a s  
necessary accordlng to regulations). 
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260 
increase. Recent weather conditions also will be evaluated as well as 
non-FMPC activities in the site area. 

3 . 4  ADDITIONAL WELL INSTALLATION 

Wells may be installed on-site and off-site as part of the Groundwater Quality 
Assessment Program if they are needed to identify whether or not hazardous 
waste or hazardous waste constituents have entered the groundwater. These 
wells would be placed so  as to assist in the characterization of the source or 
sources of groundwater pollution. A variety of well drilling techniques are 
suitable to subsurface conditions. Two of the appropriate methods to be used 
at the site are cable tool or hollow stem augers (Ref. 2 and 7 ) .  All drilling 
tools, rig and equipment will be thoroughly decontaminated prior to moving to 
the next well location. Steam cleaning is proposed as the decontamination 
method to be used for new well installations. In order to minimize the 
possibility for cross contamination, wells will be installed beginning at 
locations outside the waste pit storage area and ending at locations inside 
the waste pit storage area at the FMPC. 

A typical well schematic is presented in Figure 4 .  Well pipe and s c r e e n  
material will be stainless steel with PVC in the unsaturated portion o f  t h s  
aquifer. Well screen slot size will be selected on-site according t o  the 
sediment encountered. A seal with a minimum thickness of 2 feet will be 
installed immediately above the sand pack which surrounds the screen. A 
sand/bentonite mixture will be used as backfill. To prevent the inflow o f  
surface water along the riser pipe, a secondary seal of grout will be placed 
at the ground surface. Protective casings with vented locking caps also will 
be installed for each monitoring well. 

4.0 INDENTIFICATION OF RATE AND EXTENT OF MIGRATION OF HAZARDOUS WASTE OR 
HAZARDOUS WASTE CONSTITUENTS I N  THE GROUNDWATER 

This section o f  the Groundwater Quality Assessment Program Outline introduces 
the five techniques which are used to delineate the rate and extent o f  
migration of hazardous wastes or hazardous waste constituents in the 
groundwater. The techniques that will be discussed are: sampling or 
resampl ing of wells, installation o f  additional monitoring wells, hydrologic 
testing o f  aquifer properties, computer modeling o f  contaminant transport and 
the use o f  geophysical surveys. 

4.1 SAMPLING OR RESAMPLING OF WELLS 

Sampl ing conducted during the first part of the Groundwater Qual ity Assessment 
Program (as outlined in Section 3 . 0 )  was focussed in an area close to the 
predicted point o f  contaminant entry to groundwater. In order to define the 
extent of migration of  hazardous substances once they have been identified, 
additional sampling is required. A number o f  wells are currently in place 
across the facility and surrounding area. Selected wells may be chosen for 
sampling in a attempt to delineate the dispersive boundaries of the hazardous 
substances. 

4 . 2  

Many 
spec 

INSTALLATION OF ADDITIONAL MONITORING WELLS 

existing wells at the FMPC were placed for reasons other than to 
fically monitor PIt # 4 .  Therefore, the installation o f  additional wells 

69 
-11- 



COCKINC 

OAMES&MOORE 
-1 2-  F I G U R E  



260 
may be required. These wells would be placed at greater distances from t h e  
point of contaminant introduction to the groundwater system in order t o  
delineate plume boundaries. With regards to specific well placement, botb. 
U. S. €PA and Ohio EPA will be consulted prior to installation. 

4 . 3  HYDROLOGIC TESTING OF AQUIFER PROPERTIES 

I n  order to estimate the rate of migration of hazardous substances, aquifer 
properties need to be evaluated. Sieve analyses of selected aquifer sediments 
collected during well installation yield a plot of grain size distribution. A 
characterization of the water bearing capacity o f  these sediments then i s  
poss i bl e. 

In situ hydraulic conductivity will be measured through the use of slug tests. 
During these tests., water level recovery i s  recorded in response to a n  
instantaneous change in the volume of water in the well. In situ measurements 
of aquifer properties averaged over a large aquifer volume are provided by 
pump tests. During this field test, water is pumped at a known rate from a 
well and draw down is measure in one or more observation wells. Analyses o f  
pump test data yields estimates of aquifer transmissivity and storativity. 
Other tests of aquifer properties may be conducted as needed (Ref 3 !, 4). 

4 .4  COMPUTER MODELING OF CONTAMINANT TRANSPORT 

A groundwater species transport model will be used in conjunction with 
quantitiative contaminant concentrations at selected well locations to aid in 
the prediction of the extent of hazardous wastes or hazardous wasts 
constituents in the groundwater. The model also will be used to aid in the 
prediction of the rate and future extent of contamination. The hydraulic 
aquifer properties discussed in Section 4.3 would be used as necessary in 
order to calibrate the model to actual site conditions. 

The aquifer model will yield a continuous estimate of the plume boundaries and 
will integrate the scattered contaminant concentration data points derived 
from the monitoring well sampling program. A two dimensional horizontal ( p l a n  
view) effluent transport model has been used previously to successfully model 
the flow system at the site. 

4.5 GEOPHYSICAL SURVEY METHOOS 

Geophysical survey methods may be effective in tracing the location of 
hazardous wastes or hazardous waste constituents in the groundwater. The use 
of these methods is contingent on the properties of the detected hazardous 
substances in the groundwater. A particular method will be selected after the 
completion o f  initial stages at the Groundwater Quality Assessment Programs. 
For example, if barium chloride salts are found to be present in the 
groundwater, either alone or in conjunction with other hazardous constituents, 
electrical resistivity methods may effectively define the plume o f  
contamination. 

5.0 IDENTIFICATION OF THE CONCENTRATION OF HAZARDOUS WASTE OR HAZARDOUS WASTE 
CONSTITUENTS I N  GROUNDWATER 

Contaminant types and concentrations will be identified during part of the 
GQAPO described in Sections 3.0 and 4.0. Selected initial samples collected 
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wi 1 1  be analyzed for priority pollutants and those parameters 1 i sted2!% C F R  
264, Appendix IX. Upon completion of these analyses, hazardous waste or 
hazardous waste constituents which have reached the groundwater wi 1 1  be 
identified. .Samples collected in order to define the extent of contaminant 
migration will be tested for a series indicator parameters. These parameters 
will consist of those compounds which were found in detectable concentrations 
during initial sampling. A l l  samples will be analyzed in accordance with EPA 
laboratory protocol (Ref. 5 and 6). 

. .  
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C F R  

E PA 

FFCA 

FMPC 

GQAPO 

MS L 

NPDES 

RC RA 

TEGD 

TP 

USGS 

Code o f  Federal Regulat ions 

Environmental P r o t e c t i o n  Agency 

Federal F a c i l i t i e s  Compliance Agreement 

Feed M a t e r i a l s  Product ion Center 

Groundwater Qual  i t y  Assessment Program Out1 i n e  

Mean Sea Level  

Nat ional  P o l l u t a n t  Discharge E l im ina t i on  System 

Resource Conservat ion and Recovery Act  

Technical  Enforcement Guidance Document 

Test P i t  

Un i ted  States Geological  Survey 
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Department of Energy 
FMPC Slle Office 
P.O. Box 398705 

Cincinnati, Ohio 45239-8705 
(513) 738-6319 

Mr. Basil G. Constantelos 
Director, Waste Management Division 
U . S .  Environmental Protection Agency 
Region 5ME-14 
230 south Dearborn St. 
Chicago, IL 60604 

Dear Mr. Constantelos: 

March 23, 1989 
DOE-828-89 

260 

GROUNDWATER MONITORING AT U.S. DOE FHPC-FERNALD, OHIO 

Reference: Letter, W. E. Muno to J. A. Reafsnyder and M. 8. 
Boswell, I'Groundwater Monitoring - U.S. DOE FMPC - 
Fernald OH6 890 008 976," February 3, 1989 

This letter provides by attachments: 1) response to U.S. EPA 
review comments on the FMPC RCRA Groundwater Quality Assessment 
Program Plan (GQAPP) for Waste Pit No. 4, and RCRA Sampling 
Rounds 4, 5 and 6 reports, and 2) a revised FMPC RCRA Groundwater 
Quality Assessment Program Plan. EPA's comments on these 
documents, detailed in the referenced letter, were received by 
DOE on February 7, 1989. DOE submitted the original GQAPP to EPA 
on November 25, 1987. 

This revised Assessment Plan also satisfies the requirements of 
Section 3.7 of the Consent Decree, State of Ohio v. U.S. 
Department of Energy, et al. 

If you have any questions, or require additional information, 
please contact Mary Stone, of my staff, at 513-738-6655. 

Sincerely, 

a . Rea 
DP-84:Craig L/ Site Manager 

- 

Attachment: A s  stated 
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APPENDIX E - I 1 1  

GROUNDWATER QUALITY ASSESSMENT PROGRAM PLAN 

FOR WASTE P I T  NO. 4 

AT THE FEED MATERIALS PRODUCTION CENTER 
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1.0 Introduction 

1.1 Backaround 

Waste Pit No. 4 at the Feed Materials Production Center (FMPC) in Fernald, 
Ohio is subject to the regulations of the Resource Conservation and Recovery 
Act (RCRA). The RCRA Detection Monitoring Program for FMPC Waste Pit 4 began 
in August 1985. Samples were collected and analyzed from 41 wells under this 
detection program from August 1985 to November 1987 (RCRA Rounds 1-5). 
Required confirmatory sampling was conducted as Round 6 during December 1987. 
The OEPA and USEPA were notified by the Department of Energy (DOE) on November 
13, 1987 that FMPC Waste Pit No. 4 could be affecting groundwater quality in 
accordance with OAC 3745-65-93 and 40 CFR 265.93. This notification was based 
on the statistical comparisons required by 40 CFR 265.93 (b), completed for 
the designated wells around Waste Pit No. 4. These comparisons indicated that 
statistically significant changes in several indicator parameters had occurred 
in the vicinity of the landfill. On November 25, 1987 a RCRA Groundwater 
Quality Assessment Program Plan for Waste Pit No. 4 was submitted to the OEPA 
and the USEPA. This plan stated that the groundwater assessment program for 
Waste Pit No. 4 would be completed as part o f  the ongoing sitewide Remedial 
Investigation/Feasibility Study (RI/FS) at the FMPC. The RCRA and CERCLA 
monitoring programs were consolidated because of the similar objectives of the 
RCRA groundwater assessment program and the RI/FS program. 

Waste Pit No. 4 i s  one of 6 inactive solid and liquid waste disposal units 
(pits) at the FMPC. All these pits are located together in the FMPC Waste 
Storage Area northwest of the production area (Fiqure 1). Waste Pit No. 4 is 
regulated by RCRA due to disposal of barium salts in this pit from 1980 to 
1983. This pit is currently undergoing interim closure under RCRA. All pits, 
including Waste Pit No. 4, will be remediated under CERCLA, following 
selection of technical alternatives in the RI/FS process. RCRA technical 
requirements for closure will be considered as Applicable or Relevant and 
Appropriate Requirements (ARARS) in the CERCLA remediation process. 

1.2 PurDose 

The purpose o f  this report is to provide a revised RCRA Groundwater Quality 
Assessment Program Plan (GQAPP) for FMPC Waste Pit 4. A GQAPP was submitted 
to U.S. EPA by DOE in November 1987. EPA's comments on the original plan were 
received by DOE on February 2, 1989. This submittal is a revision of the 
GQAPP based on the EPA's comments. This plan also defines the continuation 
of the Assessment Program, following completion of the RI/FS sampling program. 
This Plan specifies sampling groundwater for site specific analytical 
parameters, selected on the basis of Rounds 1 and 2 RI/FS data, and CIS data 
on the composition o f  the waste pits. This Plan also specifies sampling 43 
RI/FS wells, selected to be upgradient and downgradient of the entire waste 
pit area, rather than Pit 4. Available analytical data shows that RCRA 
regulated groundwater constituents are scattered in occurrence, do not 
delineate a groundwater plume, and cannot be traced specifically to Pit 4 
rather than adjacent Pits. No unique "fingerprint" hazardous waste or 
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hazardous waste consti tuent found i n  groundwater can be traced spec i f i ca l ly  
t o  P i t  4 rather than t o  the whole Waste Storage Area. 
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2.0 FUPC Geology and Hydrology 

2 .1  Backwound 

The FMPC i s  located i n  a two-mile wide valley f i l l e d  with glacial  deposi ts .  
This val ley pa ra l l e l s  the Great Miami River between the towns of Ross and 
Hooven, Ohio. A generalized geologic cross-section for  the FMPC s i t e  area i s  
presented i n  Fiqure 2 .  

Approximately 450 million years ago i n  l a t e  Ordovician time, sediments w h i c h  
would become a predominantly f l a t - l y i n g  shale w i t h  t h i n  interbedded 1 imestone 
were deposited in a shallow sea. This shale,  par t  of the Cincinnatian Ser ies ,  
i s  the r e l a t ive ly  impermeable bedrock which now underlies the FMPC s i t e  area.  

Sometime p r io r  t o ,  or  perhaps contemporaneous with Pleistocene g l ac i a t ion ,  a 
large watercourse ( la rger  t h a n  the present-day Great Miami River) cut a 
channel i n to  th i s  shale bedrock t o  a level of more t h a n  200 f ee t  below t h a t  o f  
the existing Great Miami River. This approximately two-mile wide channel i s  
sometimes re fer red  t o  as the New Haven Trough and may be an abandoned course 
of the ancestral  Ohio River. 

During subsequent Pleistocene gl aci a1 advances and r e t r ea t s  across the s i t e  
area such as the I l l inoisan (approximately 300,000 t o  400,000 years ago)  and 
the Wisconsin (approximately 10,000 years ago), the New Haven Trough was 
f i l l e d  with about 200 fee t  of g lac ia l  sediments. These sediments were 
deposited by water flowing from the margins of the g lac ie rs  and consisted 
mainly of well sorted sand and gravel.  A blanket of c lay-r ich,  r e l a t ive ly  
impermeable g lac ia l  t i l l  from a more recent event was deposited a t o p  the 200 
fee t  of g lac ia l  sediments. 

Erosion by the Great Miami River and i t s  t r i bu ta r i e s  has subsequently removed 
s igni f icant  portions of the glacial  t i l l  which contributed t o  t e r race  remnants 
standing topographically higher than the surrounding bottom lands. The FMPC 
s i t e  l i e s  atop one of these te r race  remnants. 

2 . 2  Glacial T i l l  

A t  the land surface of the FMPC, a 20 t o  50 foot thick layer of g lac ia l  t i l l ,  
composed of a dense, olive-gray s i l t y  clay,  overl ies  the sand and gravel 
outwash deposi ts .  The t i l l  varies i n  texture  and composition, both l a t e r a l l y  
and v e r t i c a l l y ,  and contains lenses of poorly sorted f ine  t o  medium grained 
sand and gravel (meltwater channel sands).  The base of the t i l l  occurs a t  the 
estimated elevation of 540 mean sea level (MSL) and overl ies  the sand and 
gravel outwash deposits.  

To the south and west of the FMPC production area, the s i l t y  clay t i l l  
l a t e r a l l y  grades into a sequence of s i l t  and s i l t y  sand (Pleistocene lake 
depos i t s ) ,  with some layers  of s i l t y  clay.  The s i l t y  clay t i l l  i s  continuous 
t o  the n o r t h  and east  of the s i t e ,  and d i r ec t ly  overl ies  the bedrock i n  these 
areas. I n  the  lower reaches of Paddy’s Run and the storm sewer out fa l l  d i tch ,  
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260 the silty clay till and lake bed silts have been eroded to expose the 
underlying sand and gravel aquifer. 

A saturated zone occurs within the silty clay till at levels approximately 4 
to 10 feet below the land surface in some areas o f  the FMPC site. This 
saturated zone is probably recharged by precipitation and may be present due 
to vertical variations of composition and texture of the till, or near-surface 
weathering and desiccation-induced fracturing of the till. 

2.3 Sand and Gravel Aauifer 

A sequence of highly permeable sand an gravel outwash deposits, laid down by 
the meltwaters of receding continental ice sheets, unconformably over1 ie the 
shale bedrock in the vicinity of the FMPC. These outwash deposits generally 
consist of an unconsolidated medium- to coarse- grained, olive brown layer of 
sand and gravel, ranging in thickness up to 200 feet. The sand and gravel is 
arranged in irregularly alternating layers of silty sand, medium to coarse 
sand, and medium to coarse gravel. 

In  the vicinity of the Waste Storage Area, this layer is separated into two 
units by a 10 to 20 foot thick layer of greenish-black silty clay. The FMPC 
production wells are completed below this "blue clay" layer. This blue clay 
layer underlies about 360 acres of the FMPC and apparently occurs only in the 
vicinity of the Waste Storage Area and the production wells. This layer was 
probably deposited in an ice marginal lake or as a backwater deposit of a 
glacial stream. The top of this blue clay layer lies about 125 feet below the 
1 and surface. 

The upper 20 to 30 feet of the sand and gravel deposits are not saturated, 
with water in this aquifer generally occurring at levels approximately 60 to 
90 feet below the land surface. These levels depend on the relative thickness 
o f  the glacial till and respective land surface elevation. 

2.4 Potential Contaminant Pathways 

Potential contaminant pathways in the FMPC waste storage area are migration o f  
leachate through the bottom or sides of the pits through the till down to the 
sand and gravel aquifer. Pleistocene (surface) sediments at the FMPC consist 
of lake bed silts of moderate permeability, melt water channel sands o f  
moderate permeability and glacial till of very low permeability. The waste 
storage area is underlain primarily by glacial till. In the waste storage 
area, glacial till is generally capable of restricting groundwater flow 
between the surface and the Great Miami Aquifer. 

3.0 History of FMPC RCRA Groundwater Monitoring Systems 

3.1 RCRA Detection Monitorinq Svstem 

In August 1985 a program of RCRA groundwater detection monitoring for Pit 4 
was initiated at the FMPC. Under this program 4 quarterly rounds o f  sampling 
and one semi-annual round of sampling was completed during the period o f  
August 1985 to November 1987 (Rounds 1 through 5). The results of these 
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Rounds of sampling were provided to EPA. In this detection monitoring 
program, 41 wells were monitored for 94 analytical parameters. Fiqure 1 
shows the locations o f  these 41 wells, which are located on the FMPC site and 
adjacent offsi,te area. Table 1 lists the 94 analytical parameters included in 
the detection monitoring program. These parameters included metals, anions, 
water quality parameters, indicator parameters, organic compounds and 
radi onucl ides. 

3.2 Statistical Evaluation of Detection Data 

In November 1987, DOE notified EPA that Pit 4 could be affecting ground water 
quality based on statistical evaluation of indicator parameters i n  wells 
adjacent to Pit 4 as compared to background wells. This evaluation was 
performed comparing the mean Total Organic Carbon (TOC), Total Organic Halogen 
(TOX), specific conductance (SC) and pH of upgradient wells established in 
monitoring Rounds 1-4 to Round 5 downgradient values using Cochran's 
Approximation to the Behren's Fisher Student's t-test. The upgradient till 
well MW-12 (1012) was compared to downgradient till wells MW-19TP (1019), MW- 
21TP (1021) and MW-22TP (1022). The upgradient sand and gravel well SW-2 
(Southwestern Ohio Collector Well) was compared to downgradient wells MW-19s 
(2019), MW-19d (3019), MW-21s (2021) and MW-22s (2022). Details of this 
statistical comparison are described in the RCRA Groundwater Monitoring 
Report, v. 5, Round 5, Nov. 1987. 

Results of these statistical comparisons showed that in the till wells: 
1) There were no significant increases of TOX in downgradient wells 
2) TOC concentrations increased significantly in all downgradient 
wells. 
3) Specific conductance significantly increased in two of the three 
downgradient we1 1 s. 
4) pH significantly increased in all downgradient wells. 

Results of statistical comparisons in the sand and gravel wells showed: 
1) TOX did not significantly increase in the downgradient wells. 
2) TOC did not increase significantly in the downgradient wells. 
3) Specific conductance increased significantly in all downgradient 
wells. 
4) pH decreased significantly in one downgradient well. 

As a result of this statistical analysis, the Ohio and U.S. EPA were notified 
on November 13, 1987 that FMPC Waste Pit 4 could be affecting groundwater 
quality in accordance with OAC 375-65-93 and 40 CFR 265.93 (b). 

3.3 Conf i rmatorv SamDl i nq Round 

The second semi-annual round (Round 6) of RCRA Detection sampling was 
completed in December 1987. Forty wells were sampled for 94 parameters during 
this round of sampling. Forty wells were sampled, rather than 41 wells, since 
one well was dry. The analytical results did not differ significantly from 
Round 5 results, and confirmed the conclusions made based on Round 5 samples. 
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Table 1 
RCRA Detecticn Monitoring 
ANALYTICAL PARAHETERS 
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A .  For General Water Quality (1) 

1. Chloride 
2. Iron 
3. Manganese 
4. Phenols 
5. Sodium 
6. Sulfate 

B. For Indicators of Contamination (Quadruplicate Analysis) (1) 

1. pH 
2. Specific Conductance 
3. Total Organic Carbon (TOC) 
4. Total Organ Halogen (TOX) 

C. For Drinking Water Suitability (1) 

1. 
2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9. .  

10. 

Arsenic 
Barium 
Cadmium 
Chromium - Hexavalent 

- Total 
Fluride 
Lead 
Mercury 
Nitrate 
Selenium 
Silver 

11. Gross Alpha 
12. Gross Beta 
13 Radium 
14. Endrin 
15. Lindane 
16. Methoxychlor 
17. Toxaphene 
18. 2 ' 4 - 0  

19. 2,4,5-TP Silvex 
20. C o l i f o n  Bacteria 



fab le  1 (cont’d.) 
RCRA Detect ion Mcni t o r i n g  
ANALYTICAL PARMETERS (COPt’d.) 

260 
D. Site  Specific Parameters 

1. . Nickel (1) 

2 .  Cyanide (I) 

3 .  Copper (1) 

4. Zinc (1) 2 3 .  

5 .  Magnesium (1) 

6. Calcium (1) 

7. Phosphorus (1.) 26. 

8. Chlorobenzene (2) 

9. Chlorodibromo- 
methane (2) 

2 7 .  

28. 

10. Chloroethane (2) 29. 

11. 2-chloroethylvinyl (2) 30. 

12. Chloroform (2) 

13. Dichlorobromo- 
methane (2) 

31. 

3 2 .  

14. Dichlorodifluoro- 
methane (2) 33. 

20. Acrolein (2) 

21. Acrylonotrille (2) 

22. Benzene (2) 

b i s  (Chloromethyl) Ether (2) 

24. Bromoform ( 2 )  

25,  Bromodichloromethane ( 2  

Bromoethane (2) 

Carbon tetrachloride (2) 

Chloromethane (2) 

1,2 Dichlorobenzene (2) 

1,3 Dichlorobenzene (2) 

1,4 Dichlorobenzene (2) 

e 

1,l Dichloroethane (2) 

1,2 Dichloroethane (2) 

15. Total Dissolved 
Solids (TDS) 34. 1,1’ Dichloroethylene (2) 

16. Total Potassium 35. 1’2 Dichloropropane (2) 

17. Chemical Oxygen 

18. cis 1,2 Dichloro- 

19. Tributylphosphate (2) 38. Methylbromide (2) 

Demand (COD) 36. 1,2 Dichloropropylene (2) 

ethene (2) 37. Ethylbenzene ( 2 )  
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RCRA Detect ion M c n i t o r i n  
ANALYTICAL P W T E  2 9 (COat'b.) 
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3 9 .  Methylchloride (2) 45. 1,1,1 Trichloroethane (2) 

40. trans-1,2 Dichloro- 46. 1 , 1 , 2  Trichloroethane (2) 
ethylene (2) 

41. 1 , 3  Dichloropropene (2) 47. Trichloroethylene (2) 

42. 1 , 1 , 2 , 2  Tetrachloro- 
ethane (2) 48. Trichlorofluorornethane (2) 

43. Tetrachloro- 
ethylene (2) 49. Vinyl Chloride 

(Chloroethene) (2) 

44. Toulene ( 2 )  

E. Radionuclide (1) 

1. Potassium 40 

2 .  Total Uranium 

9 .  Cesium 137 

IO. Strontium 90 

3. Radium 226 11. Ruthenium 106 

4. Radium 228 12. Neptunium 237 

5. Technetium 99 13. Plutonium 238 

6. Thorium 228 14. Plutonium 239 

7. Thorium 230 . 15. Plutonium 2 4 0  

8 .  Thorium 2 3 2  

(l) Analyzed for  all samples. 
( 2 )  Not required for RCRA, but analyzed for all wells e x c e p t :  

HW-ls, MW-3, ,W-5, P-1, P-2, P-3, XW-lSd, OS-2 and OS-3. 
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3.4 RCRA Assessment Monitoring 

3.4.1 RI/FS Monitoring Program, November 1987 to March 1989 

On November 25, 1987 a RCRA Groundwater Quality Assessment Program Plan for 
Waste Pit 4 was submitted to OEPA and USEPA. This plan stated that the 
groundwater assessment program for Waste Pit 4 would be completed as part of 
the ongoing sitewide Remedial Investigation/ Feasibility Study (RI/FS) at the 
FMPC. The RCRA and CERCLA monitoring programs were consolidated because of 
the similar objectives of the RCRA groundwater assessment program and the 
RI/FS. 

Pit 4 is one of 6 inactive solid and liquid waste disposal units (pits) at the 
FMPC. All of these pits are located together in the FMPC Waste Storage Area 
northwest of the production area. All pits, including Pit 4, will be 
remediated under CERCLA, following selection of technical a1 ternatives in the 
RI/FS process. RCRA technical requirements for closure will be considered as 
Applicable or Relevant and Appropriate Requirements (ARARS) in the CERCLA 
remediation process. 

The first Round of RI/FS groundwater sampling took place in March and April 
1988. The second Round of sampling took place in June and July 1988: the 
third Round occurred in October and November 1988. The fourth Round is 
currently taking place and will be completed in March 1989. Over 200 
parameters were analyzed in groundwater samples, including radionucl ides, 
general water quality indicators, and extended HSL 1 ist parameters (HSL 
volatile and semi-volatile organics, HSL inorganics, HSL pesticides and PCBs, 
organophosphorus pesticides and dioxins). The extended HSL list parameters 
were sampled during Round 1. More than 200 on- and off-site wells are being 
sampled as part of the RI/FS program, according to the RI/FS Workplan, Rev. 3, 
March 1988 as approved by U.S .  EPA. These wells are located in the waste 
storage area, the production area and the general site area and north, south, 
east and west of the site, 

Preliminary interpretations o f  Rounds 1 and 2 RI/FS groundwater monitoring 
data have shown that the piezometric surface in the till aquifer near pit 4 
slopes toward the north and northwest and in a limited area to the northeast 
(see Fiqure 3). The arrows on Figure 3 show directions of groundwater flow. 
A groundwater mound is present in the till just south of Waste Pit 4. This 
mound is hydraulically upgradient of the pit area; any groundwater flow in the 
till in the pit area would be radial, away from this mound. RI/FS water level 
data taken over several seasons have confirmed the existence of this mound. 
This mound is located beneath a topographic low in the waste storage area. 
Due to the non-continuous nature of the groundwater in the till, there is 
limited potential for lateral migration of hazardous waste or hazardous waste 
constituents in the till. 

Preliminary interpretation of Rounds 1 and 2 of the RI/FS monitoring data 
(shown in Aooendix A) have shown that the constituents of major concern in the 
till in the waste storage area are uranium, gross alpha, gross beta, chloride, 
sulfate and dichloroethane. Of these constituents, only dichloroethane is 
regulated under RCRA. Barium, the RCRA constituent placed into Pit 4, was not 
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found in levels above background levels in wells in the waste storage area. 
A small amount of methylene chloride (18 ppb) was also identified in a till 
well in the waste storage area. No pesticides, organophosphorus pesticides 
or PCBs were detected in till wells in the waste storage area. 

Data shows (Fisure 4) that the water surface in the sand and gravel aquifer 
below the waste storage area slopes to the east. The arrows on Figure 4 show 
the direction of groundwater flow. Groundwater velocities in the sand and 
gravel aquifer in this area have been estimated to be approximately 70 feet 
per year. 

Based on preliminary interpretation of Round 1 and 2 data, the constituents of 
concern in the sand and gravel aquifer are uranium, gross alpha, gross beta, 
sulfate, nitrate and total dissolved solids. Small amounts o f  methylene 
chloride, toluene and acetone (generally less than 20 ppb) have been found in 
several scattered wells in the sand and gravel aquifer in the waste storage 
area (and also in wells outside .the waste storage area as well). Again no 
pesticides, PCBs or dioxins were found in the sand and gravel wells in the pit 
area. 

All data gathered to date indicates that the major constituent of concern, and 
the best indicator parameter at the FMPC is total uranium. RI/FS monitoring 
data shows that there are two distinct areas of above background uranium 
concentrations in. groundwater at the FMPC (see Fiqures 5.  6 and 7). One, 
already discussed, beneath the site in the waste storage area; the other under 
the southern portion of the FMPC, extending offsite. 

Wells in the south portion of the FMPC reservation, south of the storm sewer 
outfall ditch and wells off-site to the south of the site show above- 
background concentrations of uranium, gross alpha and gross beta. Evidence to 
date shows that the source of these constituents is storm water runoff from 
the FMPC production area and waste storage area. This surface water 
infiltrated directly into the aquifer in Paddy's Run and the Storm Sewer 
Outfall Ditch, where these waterways have eroded through the protective till 
layer, directly exposing the sand and gravel aquifer in the stream beds. The 
construction o f  the Storm Water Retention Basins has eliminated the routine 
discharge of production area runoff into the Storm Sewer Outfall Ditch. 

3.4.2 P1 anned Assessment Program 

Based on the results of the RCRA detection monitoring program, and the RI/FS 
program data available to date, 43 RI/FS wells adjacent to or downgradient 
from the waste storage area have been selected for continuation of the RCRA 
Groundwater Assessment Monitoring Program, following completion of the fourth 
round of RI/FS sampling. These wells will be sampled until the remediation of 
Waste Pit 4 is completed under CERCLA. The implementation of this planned 
program is discussed in section 4.0. The rationale for selection of locations 
and depths of these monitoring wells, and analytical parameters will be 
discussed in sections 4.2 and 4.3. 
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4.0 Planned Assessment Program Implementation 

4.1 Objectives/ RelationshiD to CERCLA 

As defined in the Ohio Administrative Code and in 40 CFR, Part 265.93 the 
objectives of the Groundwater Assessment Program are to determine: 

(a) The rate and extent of migration of the hazardous waste or hazardous 
waste constituents in the groundwater; and 

(b) The concentrations of the hazardous waste or hazardous waste 
constituents in the groundwater. 

A sitewide RI/FS is being conducted at the FMPC. A Work Plan for conducting 
the RI/FS was submitted to OEPA and USEPA in December 1986. Revision 3 o f  
this Work Plan was subsequently approved by USEPA in May 1988. Field 
activities associated with the RI/FS were initiated in July 1987. A focus of 
the RI/FS is the completion of a comprehensive hydrogeologic investigation o f  
the potential effects of FMPC operations and waste disposal practices on 
regional groundwater. The objectives of the hydrogeologic investigation 
program o f  the RI/FS are to: 

(a) Determine if subsurface water-bearing zones below the FMPC contain 
above background concentrations of chemical or radiological 
constituents; 

(b) 

(c) Determine the rate and direction of groundwater flow and constituent 

Determine the concentrations and sources o f  these constituents; 

movement within each separate hydrogeol ogi c unit; 

(d) Determine the effects of groundwater pumping and resulting 
recharge/discharge relationships on groundwater flow and contaminant 
transport; 

(e) Define areas of subsurface migration and groundwater discharge for 
i dent i f i ed cons t i tuents ; and 

(f) Determine the nature and extent (both vertically and horizontally) o f  
identified above background constituents. 

Pit 4 is currently undergoing Interim RCRA Closure. This Interim Closure will 
be completed in the spring of 1989. Assessment monitoring will be continued 
until the Final Remediation of the waste pits under CERCLA. RCRA regulations 
will be considered as Applicable or Relevant and Appropriate Requirements 
(ARARS) for the remediation of Pit 4 under CERCLA. A RI/FS Report evaluating 
remediation alternatives for the waste pits is tentatively scheduled to be 
delivered to U.S. EPA in the third quarter of 1990. The USEPA is tentatively 
scheduled to issue a Record of Decision (ROD) selecting the remedial 
alternatives for the waste storage operable unit in the second quarter of  
1991. Within 90 days of the issuance o f  the ROD by USEPA, plans for Post- 
Closure monitoring will be submitted to EPA, as specified in the Pit 4 RCRA 
C1 osure P1 an. 
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4.2 Rationale for Monitorinq Well Locations and DeDths 260 
After March 1989, the Assessment program will consist of a quarterly sampling 
program for 43 wells selected from the RI/FS wells for continuation of the 
RCRA Assessment program, following completion of the fourth round of RI/FS 
sampling. Sixteen of the selected wells are 1000 series (till. wells) and 27 
are sand and gravel wells (2000, 3000 and 4000 series). This program includes 
two background till wells, outside the waste storage area, and 4 upgradient 
sand and gravel wells outside the waste storage area. The wells selected for 
continuation of the Assessment program are listed in Table 2. Fiqures 8 
throuqh 11 show the locations of these wells. 

Due to the similar types of materials placed into the 6 waste pits, it is 
technically impossible to trace constituents to a single pit. Table 3 shows a 
summary of constituents of all waste pits. This Table demonstrates the 
similarities of materials found in all pits. No unique indicator constituent 
to monitor contamination coming from Pit 4 could be identified by examining 
data from the CIS characterization of the pits. 

Since none of the RCRA regulated constituents found in the waste storage area 
groundwater can be traced specifically to Pit 4, rather than other adjacent 
waste pits, the RCRA monitoring system wells be placed downgradient from the 
entire waste storage area. To design a monitoring system specific to Pit 4, 
sand and gravel wells upgradient to Pit 4 would have to be placed downgradient 
from Pit 3 in order to isolate constituents coming from Pit 4. This 
upgradient well would not representative of background conditions. Likewise, 
since a groundwater mound in the till is located just south of Pit 4, 
upgradient till wells for Pit 4 would have to be placed on this mound, which 
is located in the waste storage area, and would not represent background 
conditions. The proposed RCRA Assessment monitoring system will be located 
downgradient from the entire waste storage area. Upgradient wells will be 
located outside of the waste storage area, and will be representative o f  
background conditions. This approach is also justified since all 6 pits will 
be remediated under CERCLA, and closure options for all pits are being 
evaluated under a single Feasibility Study document. 

To have the same Pleistocene geology as the pit area, background till wells 
need to be located either in the pit area, or north o f  the pit area, or in the 
production area or east of the production area. Wells in either the 
production area or waste storage area would not represent background 
conditions. Wells 1024 and 1052 were selected as the most representative 
RI/FS background wells for the glacial till. These wells are located 500 feet 
north and 1400 feet northeast of the pit area, respectively. 

The 14 downgradient till wells (1000 series) ring the waste storage area, and 
are located downgradient from the groundwater mound shown in Fisure 3. Wells 
1079, 1080, 1027 1081, 1082 and 1038 are located north of the pit area. 
Wells 1038 1027, 1030, 1083 and 1074 are located east of the waste pits, Wells 
1031, 1072, 1074 and 1030 are located south of the pit area. Wells 1011, 
1079, 1028, 1040, 1025 and 1031 are located west of the waste storage area. 
Most of these wells are located within 20 feet of the edge of the waste pits. 
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Selected RI/FS Wel ls and S i t e  S p e c i f i c  

Parameters f o r  t h e  RCRA Assessment Program 

PARAMETERS UPGRADIENT TILL WELLS 

Cobalt  
Be ry l  1 i um 
Zinc 
Vanadi urn 
N icke l  
Copper 
Magnesi um 
Calcium 
A1 umi num 
Barium 
Chromi urn 
Lead 
S i  1 ver 
I r o n  
F1 uor i de 
N i t r a t e  
Ch lo r ide  
S u l f a t e  
PH 
C o n d u c t i v i t y  
TOC 
TOX 
Tetrachloroethene 
Methylene c h l o r i d e  
D i c h l  oroethane 
Acetone 
T r i  c h l  oroethene 
To1 uene 
To ta l  Uranium 
Uranium-234 
Uranium-235 
Uranium-238 
Thorium-228 
Thorium-230 
Technetium-99 

1024 
1052 

DOWNGRADIENT TILL WELLS 

1027 
1080 
1079 
1004 
1074 
1031 
1028 
1072 
1030 
1038 
1081 
1083 
1082 
1025 

UPGRADIENT SAND h GRAVEL 

2066/3066 
2043/3043 

DOWNGRADIENT SAND h GRAVEL 

3001/4001 
2084/3084 
2021 
20 19/30 19 
2027 
2010/3010/4010 
2013/3013/4013 
2051/3051 
2055/3 055 
3008/4008 
3024 
2084/3084 
2037/3037 

99 
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The upgradient sand and gravel wells are wells 2066/3066 and 2043/3043, 
located respectively 2300 f ee t  northwest.and 1500 feet  west of the waste 
storage area.  These wells are  a l l  hydraulically upgradient from the waste 
storage area.  

The 23 downgradient sand and gravel wells are a l l  located under the east  edge 
or  eas t  o r  northeast of the  waste storage area.  Well 2084/3084 i s  i n  the east  
portion of the waste storage area.  Wells 3001/4001, 2021, 2019/3019, and 2027 
are  located immediately adjacent t o  the waste storage area, usually w i t h i n  20 
f ee t  of the p i t s .  Wells 2037/3037 are  located approximately 500 and 700 f ee t  
eas t  and s l igh t ly  north of the p i t  area respectively.  Well 3024 i s  located 
approximately 600 f e e t  north of the waste storage area. Well 3008/4008 i s  
located approximately 800 f e e t  southeast of the waste storage area,  and well 
2010/3010/4010 i s  located about 800 f ee t  eas t  (downgradient) of the waste 
storage area.  Well 2055/3055 i s  located approximately 1600 f ee t  ea s t  of the 
waste storage area. We1 1 s 2013/3013/4013 and 2064/3064 are  located 
approximately 3000 f e e t  ea s t  of the waste storage area.  

Fiqure 12 shows a cross section of the generalized monitoring well depths and  
screen locations.  The 1000 se r i e s  wells ( t i l l )  monitor the t i l l  aquifer ,  
which i s  just  below the surface ranging from 30 t o  40 feet  i n  depth. These 
wells a re  screened a t  the interval where perched water i s  encountered i n  the 
t i l l ,  which can be quite variable,  generally anywhere from 17 t o  35 f ee t  
below the surface. The screened interval of these wells i s  2 f e e t .  The t i l l  
wells a re  appropriate t o  study migration of const i tuents  from the waste p i t s  
into the t i l l  horizon, and study any ver t ical  migration through the t i l l  down - 
i n t o  the sand and gravel aquifer.  Table 4 l i s t s  m o n i t o r i n g  well depths, 
casing materials and screened elevations of FMPC wells selected for  the R C R A  
Assessment program. 

The 2000 se r i e s  wells (upper sand and gravel)  a r e  screened a t  the top the 
water t ab le  i n  the sand and gravel aquifer,  using 15 fee t  of screen ins ta l led  
so tha t  f i ve  f ee t  of the screen i s  above the water table  and ten f e e t  below. 
This will  allow f o r  a seasonal variation i n  the elevation of the top of the 
water t ab le ,  allowing a m i n i m u m  of 10 f ee t  of water contacting the well 
screen. These wells a r e  screened a t  depths below the surface generally 
ranging from 62 t o  103 f e e t ,  depending on ground surface elevations.  The 2000 
se r i e s  wells are  appropriate fo r  monitoring l i g h t  organics or other pol lutants  
as they  f i r s t  reach the water tab le .  

The 3000 series wells (lower par t  of the upper sand and gravel)  a re  screened 
just  above the clay layer  referred t o  as the blue clay. I n  the event t h a t  
the  blue clay was not encountered, the well was screened just  above the depth 
a t  which the blue clay i s  generally encountered under the production area.  
The screened interval of the 3000 ser ies  wells i s  10 fee t .  The d e p t h  of  the 
screened interval generally var ies  between 117 and 146 feet  below the surface,  
depending on the surface elevat ion.  The 3000 se r i e s  wells are  appropriate for  
monitoring for  heavy metals such as uranium. Rounds 1 and 2 RI/FS monitoring 
data confirm t h a t  uranium concentrations are higher i n  the 3000 se r i e s  sand 
and gravel wells than in the 2000 se r i e s  wells near the p i t  area.  

T h e  4000 series wells (lower sand and gravel)  a r e  generally screened so t h a t  
the bottom of the screen i s  10 f ee t  from the bedrock f loor  of the buried 

1.05 
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RCRA PROGRAM ASSESSMENT WELLS 
DEPTHS, CASING AND SCREENS 

W e l l  N u m b e r  D e p t h  ( f t )  C a s i n g  D i a .  ( i n )  

1052 28.9 STS 4 
1024 27 STS 4 

1027 
1080 
1079 
1028 
1004 
1031 
1072 
1074 
1030 
1038 
1081 
1083 
1082 
1025 

P i t  1 
P i t  2 
P i t  3 
P i t  4 
P i t  5 
P i t  6 

2066 
2043 

2084 
2019 
2027 
2021 
2037 
2010 
2055 
2013 
2051 

31 
30.9 
31 
29 
31 
26 
31 
23.5 
30 
28.5 
33 
21.5 
23 
21 

STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 
STS 

62.4 STS 
66.8 STS 

76 STS 
74 PVC 
76 STS 
74 PVC 
82.5 STS 
75.5 STS 
N o t  Comp. STS 
78 PVC 
102.4 STS 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 

S c r e e n  E l e v . ( M S L )  

554 - 556 
553 - 551 

554-552 
553-551 
554 - 552 
560-558 
550-548 
552-550 
547-545 
557-555 
548- 546 
556-554 
559 - 557 
563- 561 
562 - 560 
562-560 

B o t t o m  E l e v a t i o n  
560 
57 0 
548 
560 
558 
560 

531-516 
527 - 51 2 

522 - 507 
514-509 
522-507 
515-510 
521-506 
522- 507 

516-511 
520- 505 

L e n q t h  ( f t . 1  

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

15 
15 

15 
5 
15 
5 
15 
15 
15 
5 
15 
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W e l l  Number 

3066 
3043 

3084 
3019 
3024 
3037 
300 1 
3008 
3010 
3055 
3013 
3051 

400 1 
4008 
4010 
4013 

RCRA PROGRAM ASSESSMENT WELLS 
DEPTHS, CASING AND SCREENS 

DeDth ( f t )  Casing Dia. ( i n 1  Screen Elev.(MSLl 

137.4 STS 4 451-441 
120 STS 4 470 - 460 

102.4 
124 
110 
135.5 
130 
116 
130 
120.8 
117 
145.9 

STS 
PVC 
STS 
STS 
ST 
ST 
GVST 
STS 
PVC 
STS 

4 
4 
4 
4 
8 
4 
6 
4 
4 
4 

491 -481 
465 - 460 
480-470 
463 - 453 
510-490 
464-459 
480 - 460 
476-466 
482-472 
471 -461 

180 ST 4 410-405 
180 ST 4 400-395 
Not Comp. STS 4 
Not Comp. STS 4 

STS S ta in less  Stee l  
PVC P o l y v i n y l  Ch lo r ide  
ST S tee l  
GVST Gal vani  zed Steel  

Lenqth ( f t . )  

10 
10 

10 
5 
10 
10 
20 
5 
20 
10 
10 
10 

5 
5 
10 
10 
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valley aquifer. The screened interval of the 4000 series wells is also 
generally 10 feet. The depth of the screened interval generally ranges from 
160 to 200 feet depending on surface elevation and depth of the bedrock 
surface. The 4000 series wells will confirm if the blue clay layer is acting 
as an aquitard. Results to date show no contaminants in these wells. The 
purpose o f  these 4000 series wells is to confirm the absence of contaminants 
below' the blue clay. Therefore, there are currently no 4000 series wells 
upgradient of the pit area. An extensive study of the aquifer will not be 
made at the 4000 level unless analytical results in these wells or groundwater 
model1 ing results suggest that contamination has reached the 4000 series 
wells. 

4.3 Rationale for Selection of Site SDecific Parameters 

Assessment Program wells will be sampled quarterly beginning in May 1989 for 
selected site specific parameters. The wells will not be monitored for all 
Appendix IX constituents. Full Appendix IX monitoring is not technically 
justified, since the waste pits have previously been characterized in the CIS 
study and the groundwater in the waste storage area by the RI/FS. The pits 
were analyzed for Appendix IX constituents in the CIS study, and groundwater 
in the waste storage area has been analyzed in the RI/FS program for the 
extended HSL list parameters, as described in section 3.4. Site specific 
parameters were selected after reviewing the results of the CIS study, and 
previous RCRA and RI/FS groundwater monitoring data (see Appendices B and C). 
These parameters are: uranium (total and isotopic), thorium-230, technetium- 
99, aluminum, calcium, iron, magnesium, fluoride, barium, chromium, copper, 
lead, nickel, vanadium, zinc, beryllium, cobalt, silver, tetrachloroethene, 
methylene chloride, dichloroethane, acetone, trichloroethene and toluene. 
These parameters are also listed in Table 2. These parameters were either 
found in significant amounts in Waste Pit 4, or above detection limits in 
groundwater in the waste storage area, or both. HSL semi-volatile compounds, 
PCBs, pesticides and dioxins are not included in the list of site specific 
parameters, since they were not detected in waste storage area groundwater i n  
the RI/FS monitoring program. 

4.3 RI/FS Well Installation Methods and Materials 

At this time, no additional well installation is planned for the Assessment 
Program; existing monitoring wells will be used. All monitoring wells 
previously installed as part o f  the RI/FS program were drilled using cable 
tool equipment using a casing-advance drilling methods. The casing advance 
method maintained an open borehole without the use of drilling muds and 
provided a barrier against the downward migration of contaminants from 
shallower aquifers. The backs o f  the drill rigs, tools, casing and well 
screens for each well were cleaned and decontaminated before moving to a new 
drilling location or well completion. Once the borehole reached the desired 
depth, the well was constructed according to the schematic drawings shown i n  
Fiqures 13 and 14. The well casing and screens are 4 inch diameter 316 
stainless steel. The screened area was backfilled with a sand pack, the 
casing above the screen was grouted. The monitoring wells were developed by 
pumping and flushing. A protective steel cover with a locked, hinged cover 
embedded in a cement grout cap was provided for each well riser. See Appendix 
- D for details of RI/FS well installation and materials. 
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4 . 4  SamDle Collection Methods 
2 

These sampling methods were used in collection of groundwater 
RI/FS program, and will continue to be used in the Assessment 
well volumes are evacuated from each well before samDlinq. 

samples for the 
Program. Three 
Only stainless 

steel or teflon pumps and bailers are used to evacuate t h e  wells -and collect 
water samples. After the well is evacuated, the water samples are collected 
in order of stability and volatility. Samples for VOCs, pH, specific 
conductivity, temperature and dissolved oxygen are collected first. All 
samples are analyzed in the field for pH, temperature, conductivity and 
dissolved oxygen. Samples are collected using positive displacement gas 
displacement pumps or bailers. Plastic sheeting is spread to cover the ground 
near the well head as samples are taken. All pumps and sampl ing equipment is 
cleaned between sampling different wells using non-phosphate detergents, tap 
water rinses, dilute acid, alcohol and distilled water rinses as appropriate 
for various analytical parameters. After samples are collected, they are 
sealed, chain-of -custody papers, field collection reports, sample coll ect i on 
logs and lab analyses request forms are filled out, and samples are placed in 
a cooler at 4 "C. Sample collection methods are detailed in ADDendix E. 

4.5 Anal vt i cal Methods 

These analytical methods were used in analysis of groundwater samples for the 
RI/FS program, and will continue to be used in the Assessment Program. When 
samples are received in the analytical laboratory, the bottles received are 
checked against chain of custody papers and sample holding times. The 
laboratory provides each sample with a unique sample number and logs the 
sample into the laboratory. Samples are placed in appropriate storage 
conditions after a radiological screening to evaluate radiological hazard 
associated with the sample. Samples are then analyzed by the laboratory 
following the procedures and QA/QC objectives listed in ADDendix B. The 
chemical and radiological parameters analyzed in the assessment program are 
listed in Table 2. 

4.6 Modelins and Additional Hvdroloqic Studies 

A three dimensional flow and solute transport model, Swift I 1 1  is being 
developed as part of the RI/FS program. The flow model has been verified 
against known analytical and numerical models, and has also been calibrated 
using field water level data. Sensitivity analyses of the flow model have 
also been conducted. The solute transport portion of the model is still 
undergoing development. Geochemical modeling will also be performed to aid i n  
understanding of any potential chemical reactions in groundwater. As part o f  
the geochemical modeling program, sorption determinations will be made 
experimentally, leaching tests performed and soil mineralogy studied. This 
groundwater model will be used primarily in the Risk Assessment for the 
Remedial Investigation and evaluation of remedial a1 ternatives in the 
Feasibility Study. If need arises, however, this model can be used in 
evaluating groundwater and constituent flow for the RCRA monitoring program. 

As part of the RI/FS, slug testing has been performed on till wells 1008, 
1012, 1016, 1018, 1025, 1031, 1034, 1035, 1041, 1046, 1048, 1065 and 1079 to 
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aid in estimating hydrologic properties of the till unit (1000 series). Wells 
1079 and 1031 are included in the RCRA assessment monitoring program. 
Falling head field permeability tests were used for slug testing. In this 
procedure, a known volume of water is added to the well and a number o f  
depth-time measurements are taken, until the water level returns to 
equilibrium conditions (or enough measurements to define a straight line on 
semi-log plot of head vs. time). FMPC fire hydrant water was used for this 
purpose. The only solid materials allowed to contact the well water were 
stainless steel and teflon. The first water level measurement was made 10 to 
15 seconds after the slug was added. Slug tests are generally a reliable 
field method of determining permeabi 1 i ty or transmi ssi vi ty near the screened 
zone of the well in units of low hydraulic conductivity (10-4 to 10-7 cm/sec), 
such as the 1000 series wells. The hydraulic conductivity of well 1079 was 
1 . 8 ~ 1 0 - 5  cm/sec (19 ftlyr). The hydraulic conductivity of well 1031 is not 
included, since the screened interval of this well was only partially 
saturated, and would not represent the saturated hydraulic conductivity of the 
till in the vicinity of this well. 

4.7 Procedures for Data Interwetation 

Existing RI /FS  data for Assessment Program we1 1 s and site specific parameters 
will be analyzed, as well future data collected in the continuing Assessment 
Program. Background (upgradient) levels (means) will be established for all 
site specific parameters, and data from downgradient data will be compared to 
these upgradient levels. Data will be compiled in tabular format, and mapped 
and plotted as appropriate. If thi s approach provides no clear determination 
of the rate of migration or extent of release, statistical comparisons o f  
upgradient concentrations and downgradient concentrations will be made using 
appropriate statistical techniques. 

5.0 Schedule 

Beginning in May 1989 these wells will be sampled quarterly for the site 
specific parameters listed in Table 2. This sampling will be conducted i n  
May, August, November, and February of each year. This schedule of sampl ing 
will continue until Final Remediation of the pits, anticipated to begin i n  
1992 or early 1993. After the ROD for remediation of the pits is issued by 
EPA (tentatively scheduled in the second quarter of 1991), a post-closure 
groundwater monitoring plan will be developed within 90 days. 
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260 
D. 1 DRILLING PROCEDURES 
Soil borings are made to determine the nature, arrangement, 
thickness and extent of the soil strata. The depth of borings, 
frequency, and the type of testing and sampling required are 
dependent upon the purpose of the subsurface investigation. 

Borehole advancement for monitoring wells will be performed using 
cable tool drilling techniques. The use of mud rotary or con- 
tinuous flight hollow stem augers is prohibited for monitoring 
wells. A soil auger drilling rig will be used to collect undis- 
turbed soil samples in clay layers that may be found in the till. 
With the cable tool techniques, the hammer is used to dislodge the 
soils and mix them with potable water for recovery and removal from 
the hole. Cable tool borehole drilling will be performed in 
accordance with Section 2.2.5, Percussion Drilling Borehole 
Advancement, IT Manual of Practice. Subsurface Investisations. 

Comments from the IT Manual of Practice, Subsurface Investisations 
pertinent to the cable tool drilling technique follow: 

0 When advancing the boring using cable tool drilling 
techniques, a temporary steel casing will be drilled, driven, 
or pushed as the borehole is advanced. The temporary casing 
will be nominal ten-inch diameter to allow for construction 
of the monitoring well. Cuttings will be removed from the 
borehole using a sand pump or dart valve bailer. 

e During the process of drilling monitoring wells, disturbed 
soil samples will be collected. Disturbed samples will be 
collected with a split-barrel or split-spoon sampler in 
accordance with ASTM D1586. 

0 Relatively undisturbed soil samples will be collected with 
thin-walled tubes or Shelby tubes in accordance with ASTM 
D1587. These samples will be collected with a soil auger 
drill rig. The soil auger drill rig will only be used for 
borings to collect samples for geochemical and geotechnical 
purposes. Undisturbed samples are not being collected from 
borings for monitoring wells because the heavy blows from 
cable tool (percussion) drilling will result in significant 
densification of cohesionless soils and remolding of cohesive 
soils, which will adversely affect sampling and testing 
operations. 

0 Drilling operations shall be performed in such a manner to 
minimize the introduction of contaminants into the subsurface 
soil and ground water. Accordingly, only clear, potable 
water will be used as a drilling fluid and only as a last 
resort. Water samples will be collected from the on-site 
source and each water tank hose and analyzed for the full 
list of organic, inorganic, and radiological parameters. If 
possible, all drilling operations will be performed ,dry 
without the use of water. 173 



e The source(s) of any water to be used in drillin$6&outing, 
and well and/or piezometer installation must be approved 
prior to field operations. Water used in aid of drilling 
will be analyzed and results reviewed prior to introduction 
into the borehole. 

. Field Activity Daily Logs (Figure D-1) will be completed 
daily to indicate drilling and sampling activities such as 
footage drilled, materials used, etc. Boring logs (Figure 
D-2) will be generated to document subsurface conditions. 

0 The abandonment of borings and wells will be approved by the 
project director prior to any casing removal or 
sealing/backfilling. Once approved, these borings and/or 
wells shall be sealed by grouting from the bottom of the 
boring or well to ground surface. This shall be done by 
placing a grout pipe to the bottom of the boring or well and 
pumping grout through this until undiluted grout flows from 
the boring or well at ground surface. The grout shall 
consist of Volclay grout mixed properly w'ith the recommended 
activator. After the grout has set (about 72 hours), the 
contractor shall check the abandoned site for grout 
settlement. 

I. 74 
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260 
Any depression in the grout shall then be filled with 
additional grout. Methods other than those set forth herein 
may be implemented as dictated by appropriate state and/or 
local agencies. 

The use of dug sumps is not allowed. The use of drums or a 
plastic-lined, above-ground holding structure is required for 
cuttings and water removed from the borehole. 

No dyes, tracers, or other substances shall be used or 
otherwise introduced into borings, wells, piezometers, grout, 
backfill, ground water, or surface water unless specifically 
required by the contract. 

Drilling equipment that enters a boring will be cleaned using 
a high-pressure, hot-water sprayer between borings to prevent 
cross-contamination. 

Each operating drill rig shall have a geologist assigned to 
it who will be responsible for logging the samples, preparing 
the boring logs (Figure D-2) and well sketches, and 
installing the well. No geologist will be responsible for 
more than one operating rig per project site or installation 
involving soil sampling, rock coring, or monitoring well 
installation functions. 

Soils will be sampled continuously to the base of the till, 
then at five-foot intervals or at every lithologic change 
thereafter. These samples are to be obtained with a driven 
split-spoon or pushed thin-wall Shelby tube sampler or both 
in each boring. A sufficient number of continuous cores will 
be completed to adequately characterize the geology of the 
site. 

The contractor shall be responsible for securing any and all boring 
or well drilling permits required by state or local authorities and 
for complying with any and all state or local regulations with 
regard to the submission of well logs, samples, etc. 

The contractor shall also be responsible for complying with any 
and all regulations (to include placement) for drilling safety and 
underground utility detection. 
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D. 2 MONITORING WELL/PIEZOMETER DESIGN AND INSTALLATION 260 
To provide proper quality control of monitoring well design and 
installation, the following standard operating procedures have been 
set forth, along with the applicable forms, to successfully 
complete a field drilling investigation that obtains hydrogeo- 
logical and future water quality information. 

All field measurements and comments will be recorded on the 
appropriate forms (Figures D-3 through D-7). Per data reporting 
format and protocols, all lines on the-forms will be completed. 
The letter designation rrNA1l for not applicable or I1NKt1 for not 
known will be used in all blank spaces. Also acceptable is a neat 
and precisely drawn arrow through applicable spaces from an ItNAl1 

or l lNK. l l  If some steps or procedures were not performed as 
described, the reason must be stated as completely as possible on 
the appropriate form or submitted as an attachment thereto. 

All monitoring wells/piezometers will use the following design and 
materials: 

Well casing will be four-inch inside diameter, 316 stainless 

Five, ten, and fifteen foot sections of commercial 0.01-inch- 

steel with flush-thread joints for monitoring wells. 

slot stainless steel screens will be used (minimum three 
square inches open area per foot of screen). 

Screen gravel pack material will be a well-sorted medium or 
coarse quartz sand. 
for documentation. 

A representative sample will be retained 

Sodium bentonite pellets and Volclay grout will be used in 
the backfill for 1000- and 2000-series wells. Only Volclay 
grout will be used in 3000- and 4000-series wells. Samples 
of all grouts will be retained for documentation. 

pack to a height of two to four feet above the screen, then 
a five foot bentonite pellet plug will be placed on top of 

. the sand pack and, finally, grout to the surface. The 3000- 

Wells (1000 and 2000 series) will be backfilled with a sand 

and 4000-series wells will be 

I. 78 
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260 
backfilled with a sandpack to a height of five feet above 
the screen and then grouted to the surface. The grout will 
consist of a slurry of American Colloid Company Volclay 
grout. A sample of the backfill material will be collected 
for analysis to identify the presence of contaminants of 
interest. 

. Annular space grout seals will be composed of a Volclay grout 
mixed with potable water and activator as per manufacturer's 
instructions. 

. All grout material will be placed using pumps and tremie line 
methods. 

. A five-foot length (minimum thickness 1/4 inch) of ten-inch 
inside diameter black iron pipe will be used as a protective 
casing. Each protective casing will be fitted with a hinged 
cap, hasp, and lock. A drain hole will be drilled in the 
oversleeve one foot above the land surface. 

. Amixture of approximately 1:2 cement:sand and approved water 
will be placed between the well riser and the outer 
protective casing to a height just below the drain hole 
mentioned above. This design will allow water which enters 
the annulus to drain. 

. The top of the inside casing will be finished with a vented 
stainless steel cap or an airtight cap and a vent hole not 
more than six inches from the top of the casing. 

. All wells and piezometers will be identified with a number 
welded into the lid of the protective casing. 
casings will be painted high-visibility orange. 

All protective 

. A measuring point notch'will be filed on the inner casing of 
each well and will be identified on the notes and well 
sketches. 

All disturbed drilling areas will be regraded and restored 
to near original conditions upon completion. 

A one-quart or one-liter representative sample of each type of 
proposed granular backfill shall be submitted by the contractor 
for approval prior to use. Each sample shall be described in terms 
of lithology, grain size distribution, and source (both company 
from whom purchased and pit or quarry of origin). This 



260 
material shall be clean, inert, and siliceous. Typically, graded 
sand meeting the requirements of ASTM C-33 for fine aggregate 
(concrete sand) is sufficient. 

A sketch of any well installation (see Figures D-8 and D-9) 

including piezometers, shall be recorded and shall show (by depth 
from surface grade) the bottom of the boring, screen location, 
granular backfill, seals, grout, cave-in, centralizers, if used, 
and height of riser above ground surface. The actual composition 
of the grout, seals, and granular backfill shall also be recorded. 
Also indicated shall be the screen, slot size (in inches), and slot 
configuration. Any use of polyvinylchloride (PVC) solvents, glues, 
or cleaners is prohibited. 

Well sketches shall also include details of the protective casing. 

Protective casing shall be installed around all monitoring wells. 
Exceptions will be on a case-by-case basis, as determined. 
Minimum elements in the protection design include: 

0 A five-foot minimum length of black 10-inch-diameter iron 
pipe or galvanized pipe extending approximately 2.5 feet 
above the ground surface and set in Volclay grout and 
concrete apron. 

A locking cover and lock shall be provided and secured 

The location identification shall be labeled on the well 

to the top of each protective casing. 

protector in two places using two methods: (1) painted 
on the inside of the cover with enamel type paint; and 
(2) welded into the top of the locking cover. Location 
identification shall conform with format and shall be 
designated by the site manager. 

0 

0 The cover must keep precipitation out of the protective 
casing and shall be secured to that casing with a 
padlock. 

0 All padlocks at a given site shall be able to be opened 
by the same key. 

0 Protective casings are to be painted high-visibility 
orange. 

4.85 
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0 Three-inch diameter steel posts, each radially located 

four feet around each well, placed two feet below ground 
surface, concreted in place (optional), and having four 
feet minimum above ground surface. 

Once the boring has been advanced to the desired depth, the 
well/piezometer will be constructed by the following procedure: 

Place the desired length of screen and casing inside the 
temporary casing. 

0 Place the sand pack in the annular space between the 
screen/casing and temporary casing. 

0 Withdraw the temporary casing slowly while placing sand 
pack material. 

0 After placing the sand pack to a level of at least two 
feet but not more than four feet above the screen, a 
five-foot-thick bentonite pellet layer (only for 100- 
and 200-series wells) is placed on top of the sand pack 
as the temporary casing continues to be withdrawn slowly. 
Periodic measurements will be made to check the uniform 
placement of the sand pack. 

0 The remaining annular space will be filled to the surface 
using Volclay grout. 

The temporary casing will be removed gradually as the 
backfill materials are placed in such a manner that the 
bottom of the temporary casing is kept below the top of 
the backfill material. 

0 The protective casing will be installed and concreted in 
place. 

A three-foot by three-foot by four-inch concrete apron 
will be installed around the protective casing. 

D.3 MONITORING WELL DEVELOPMENT 
The following procedure is presented for the proper development of 
monitoring wells and piezometers for ground water sampling 
purposes. 

All field measurements and comments will be recorded on the 
appropriate data reporting form (Figure D-10). All lines on the 
form will be completed. The letter designation IINA" for not 
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260 applicable or @INKgt for not known will be used in all blank spaces. 
Also acceptable is a neat and precisely drawn arrow through applicable 
spaces from an @tNA1v or 'INK." If some steps or procedures are not 
performed as described, the reason must be stated as completely as 
possible on the appropriate form or submitted as an attachment. 

Monitoring well development will be performed as soon as possible 
after well installation, but no sooner than 4 8  hours after grouting 
is completed. 

Well development equipment may include, but is not limited to, 
bailers, surge blocks, pumps, and hoses. Equipment and materials used 
for well development will be properly decontaminated the same way as 
drilling equipment, before and between each use. Decontamination will 
normally be high-pressure hot-water washing (steam cleaning) of 
equipment used to develop the well. However, if, during well 
development, the equipment becomes visibly contaminated, 
decontamination will be a high-pressure/hot-water wash, methanol wash 
followed by two separate deionized water rinses. In the case of 
visible inorganic contaminants (visibly contaminated with 
soil/sediment) decontamination will be high-pressure/ hot-water wash, 
dilute-hydrochloric-acid wash followed by two separate deionized water 
rinses. The internal mechanisms of pumps will be flushed using either 
dilute solutions of methanol and deionized water or dilute 
hydrochloric acid and deionized water when contaminants are visible. 
Development shall be continued with a sump and/or bottom discharge 
bailer, possibly supplemented with a surge block, until the well water 
is clear and sediment within the well is removed to the fullest extent 
practical. The natural hydraulic conductivity of the formation should 
have been restored and foreign sediment removed to provide turbid-free 
ground water samples. If the well continues to yield turbid ground 
water samples, the "Decision Chart for Turbid Ground-Water Samples" 
procedure described in the TEGD will be followed in an attempt to 
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achieve turbidity-free water. The recommended acceptance/ 
rejection value of five nephelometric turbidity units (NTU) is 
based on the need to minimize biochemical activity and possible 
interferences with ground water sample quality. As a minimum: 

e For those wells where the boring was made without the 
use of drilling fluid water, remove five times the 
standing water volume in the well (well screen and casing 
plus saturated annulus). Should recharge be so slow that 
five volumes could not be removed in one day or the water 
remains discolored or contains greater than one percent 
particulates after this five volume removal, the 
hydrogeology task leader will direct an alternate 
procedure based on the judgment of the field geologist. 

e For those wells where the boring was made or enlarged 
with the use of drilling fluid (water), remove five times 
the measured amount of total fluids lost while drilling 
plus five times the standing water volume as above. The 
same procedure also applies here as above for cases of 
slow recharge, discolored, or particulate-laden water. 

e No water will be added to the well to assist development 
without prior approval. No dispersing agents, acids, or 
disinfectants will be used. 

e During development, an effort will be made to remove the 
standing water from points near the bottom of the well 
screen as well as from the top of the water column. 

If problems are encountered during development, the task 
leader will be promptly notified by telephone. 

e The volume of water collected for analysis will depend 
on the analytical needs of the project. 

The following data will be recorded on the Monitoring Well 
Development form (Figure D-16) as part of development: 

e Well designation (location ID) ; 

e Date(s) of well installation; 

e Date(s) and time of well development; 

e Static water level before, and after development; 

1.92 
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e Quantity of water removed and time of removal: 260 
. Depth of open hole inside the well before and after 

development: 

0 Physical character of the removed water, to include 
changes during development of turbidity, color, and odor: 

0 Physical character of removed sediments, to include 
lithology and grain size; 

0 Type and size/capacity of pump and/or bailer used; 

0 Description of surge techniques, if used: and 

0 Field characteristics of water removed including pH, 
specific conductance, temperature, and dissolved oxygen. 
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E.l GROUND WATER SAMPLING TECHNIQUES 260 
The primary consideration in ground water sampling is to obtain a 
representative sample of the ground water body. To safeguard 
against collecting nonrepresentative stagnant water from a well or 
piezometer, the following guidelines and techniques should be 
observed during sample withdrawal: 

As a general rule, all monitoring wells will be pumped or 
bailed prior to collecting a sample. Evacuation of at least 
three well volumes of water is recommended for a 
representative sample. 

For wells that can be pumped or bailed dry, the well will be 
evacuated and allowed to recover prior to sample withdrawal. 
If the recovery rate is fairly rapid and if time allows, 
evacuation of more than one volume of water is recommended. 

As soon as the-well recovers, samples will be collected in 
accordance with the stability and volatility of the 
parameters to be tested and the Water Quality Field 
Collection Report (Figure E-1) will be completed. For 
instance, samples for HSL volatile organic compounds, pH, 
specific conductance, and temperature will be collected 
first. Parameters which are not sensitive to pH or 
volatilization should be drawn last. 

For wells that cannot be pumped or bailed dry, at least three 
well volumes of water will be removed before collecting 
samples. 

Care will be taken to avoid excessive pumping of a monitoring 
well. Excessive pumping can lead to an increase or decrease 
in the concentrations of a contaminant at the sampling point 
of interest. 

A stainless steel submersible pump will be used to purge the 
monitoring wells prior to sample collection. A water-level 
measurement will be initially taken to determine the depth 
to ground water in the casing. The submersible pump will be 
lowered to a depth of five to ten feet below the water level, 
always above the well screen. The well will be initially 
purged from this depth so that fresh water from the screened 
interval will move upward through the casing and completely 
flush the well. The pumping rate will be less than 
20 gallons per minute (gpm) and will continue until field pH, 
temperature, and specific conductance readings have 
stabilized. 

The purge pump and lines will be decontaminated between wells 
using procedures as specified below. 

If drawdown is significant, the submersible pump will be 
lowered during purging to keep the pump five to ten feet 
below the water level in the casing and the pumping rate will 

1.97 
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be reduced. 

Once the well has been purged and allowed to recharge and 
stabilize, samples will be collected using a positive gas 
displacement stainless steel and/or Teflon bladder pump or 
Teflon bailer. 

. 260 

During sampling, the pump will be operated continuously and 
the flow rate reduced to one liter/minute for the collection 
of volatile organic compound samples. 



. When the pump and lines are removed from a well, they *'Oil1 
be placed on plastic sheeting to avoid contact with the 
ground. 

e Prior to reuse, the pump and lines will be drained and the 
outside surfaces will be decontaminated with a water wash and . 

deionized water rinse. The internal surfaces will be 
decontaminated by pumping deionized water through the pump 
system. Purging of the next monitoring well will further 
reduce the possibility of cross contamination. Should the 
equipment become visibly contaminated, it will be 
disassembled and cleaned by the following procedures: 

- In the case of inorganic contaminants, the equipment 
will first be washed with a nonphosphate detergent and 
then rinsed with dilute (0.1 N) hydrochloric acid 
followed by two separate deionized water rinses. 

- In the case of organic contaminants, the equipment will 
first be washed with a nonphosphate detergent and then 
rinsed with tap water, methanol, and two separate 
deionized water rinses. 

- As described above, the equipment shall be thoroughly 
rinsed with two deionized water rinses to remove traces 
of hydrochloric acid, detergent, and methanol (acetone 
may be substituted for methanol if volatile organic 
compounds are not being determined). 

- Sampling equipment will not be placed directly on the 
ground or on other contaminated surfaces prior to 
insertion into the well, but will be placed on a clean 
plastic sheet adjacent to or around the well. 

- One sample of the final deionized water rinse will be 
collected in sample bottles containing the appropriate 
preservatives. Rinsate samples will be analyzed at a 
frequency of one per every set of twenty samples or 
fraction thereof to check for cross contamination 
between monitoring wells. 

- Decontamination of the submersible sampling pump(s) and 
other sampling equipment will be performed at a 
designated central staging area at the FMPC. If this 
is not possible due to extenuating circumstances, the 
sampling equipment may be decontaminated in the field. 

Existing wells with limited access will be sampled from the 
pump discharge. 



Field measurements will be performed on unpreserved s G o e s  
immediately after sample collection. Samples collected for 
field measurements will be kept separate from samples 
preserved for shipment to the laboratory. 

A sufficient amount of sample will be collected to perform 
all the required analyses. The sample bottles containing the 
appropriate preservatives will be filled to the bottle neck 
with the sample,. without overflowing. Sample container lids 
will be tight and secure. 

Samples collected will be stored in the field in a cooler and 
maintained at approximately 4 degrees Celsius using blue ice 
or other approved, sealed cooling materials. 

e Samples will be properly labeled and chain-of-custody 
records, water quality field collection report (Figure E-1), 
sample collection log, and laboratory request for analysis 
forms will be properly filled out. 

- 

E . l . l  PARAMETER-SPECIFIC SAMPLING PROCEDURES 
Water sample collection for volatile organic 
base-neutral extractable compounds, dissolved 
chemistry parameters should be performed in 
following procedures: 

Volatile Organic Compounds 

compounds, acid and 
metals, and general 
accordance with the 

- Two screw-cap vials with Teflon-lined silicone rubber 
septa (U.S. EPA-approved vials) will be filled to over- 
flowing and sealed without any entrapped air bubbles. 
These vials will be 40 milliliters or larger. 

- Each vial will be visually checked for air bubbles and 
placed in a cooler. 

- A field/trip blank per each sample set will accompany 
the samples back to the laboratory. The field/trip 
blank will consist of organic-free deionized water used 
in the field to decontaminate the sampling equipment. 
The field/trip blank will monitor for ambient contam- 
ination levels in the cooler during transport. 
Field/trip blanks will be analyzed at a frequency of one 
per every set of twenty samples or fraction thereof. 

- Rinsate samples will be collected from sample collection 
tools following each well sampling to 
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monitor for potential cross contamination of samples 
between wells or laboratory cleaned sampling equipment 
will be used for each well. Rinsate samples will be 
analyzed at a frequency of one per every set of twenty 
samples or fraction thereof. 

- A sample collection log, a chain-of-custody record, a 
laboratory request for analysis form, and a sample label 
will be completed in the field. All these forms, except 
for the sample collection log, will accompany the 
samples to the laboratory. 

- The cooler will be packed with artificial icing material 
to maintain the samples at 4 degrees Celsius during 
shipment, sealed, and transported to the laboratory. 

. Acid and Base-Neutral Extractable Compounds and 
Pesticides/PCBs 

- Appropriate glass sample bottles complete with teflon- 
lined caps will be filled to capacity and sealed. 

- The sample bottles will be placed in a cooler with 
sufficient packing to prevent breakage during shipment. 

- A field/trip blank per each sample set will accompany 
the samples back to the laboratory. The field/trip 
blank will consist of organic-free deionized water used 
in the field to decontaminate the sampling equipment. 
Field/trip blanks will be analyzed at a frequency of one 
per every set of twenty samples or fraction thereof. 

- Rinsate samples will be collected following each well 
sampling to monitor for potential cross contamination 
of samples between wells or laboratory cleaned sampling 
equipment will be used in each well. Rinsate samples 
will be analyzed at a frequency of one per every set of 
twenty samples or fraction thereof. 

. 

- A sample collection log, a chain-of-custody record, a 
laboratory request for analysis form, and a sample label 
will be filled out in the field. All of these forms, 
except for the sample collection log will accompany the 
samples to the laboratory. 

- The cooler will be packed with artificial icing material 
to maintain the samples at 4 degrees Celsius during 
shipment, sealed, and transported to the laboratory. 
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Dissolved Metals 
260 - When it is desired to determine concentrations of 

dissolved metals in a water system, the sample should 
be filtered in the field, as soon as possible after col- 
lection, through a 0.45-micron filter using a Millipore 
filtration apparatus or equivalent equipped with a hand 
or electrical vacuum pump. 

- The filtering apparatus or equivalent should be cleaned 
or rinsed thoroughly with deionized water before 
filtering each sample. 

- It is recommended that the first 100 to 150 milliliters 
of filtrate from each sample be discarded to rinse the 
filter and filtration apparatus of any contaminating 
substances. 

- The filtered'sample is immediately transferred to a 500- 
milliliter plastic bottle containing one milliliter of 
concentrated nitric acid preservative per 100 
milliliters of sample. 

- The sample pH will be checked with pH paper or a pH 
meter to check that the pH is less than two. The bottle 
will be sealed with a plastic cap fitted with a 
polyethylene liner. 

- A sample collection log, a chain-of-custody record, a 
laboratory request for analysis form, and a sample label 
will be completed in the field. All of these forms, 
except for the sample collection log, will accompany the 
sample to the laboratory. 

General Chemistry Parameters 

- Sample bottles will be either polyethylene or glass and 
will contain the appropriate chemical preservatives. 
Sample bottle closures will be plastic with polyethylene 
liners. 

- Sample bottles will be filled to capacity and sealed. 

- A field/trip blank per each sample set will accompany 
the samples back to the laboratory. The field/trip 
blank will consist of organic-free deionized water used 
in the field to decontaminate the sampling equipment. 
Field/trip blanks will be analyzed at a frequency of one 
per every set of twenty samples or fraction thereof. 

- Rinsate samples will be collected following each well 
sampling to monitor for potential cross contamination 
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of samples between wells or laboratory cleaned sampling 
equipment will be used for each well. Rinsate samples 
will be analyzed at a frequency of one per every set of 
twenty samples or fraction thereof. 

- The sample bottles will be placed in a cooler with 
sufficient packing to prevent breakage during shipment. 

- Collected samples will be stored in the field in an ice 
chest filled with blue ice and maintained at approxi- 
mately 4 degrees Celsius. 

- Samples will be properly labeled and sample collection 
logs, chain-of-custody records, and laboratory request 
for analysis form will be properly completed. 

0 Radionuclide Parameters 

- In general, samples for radionuclide analyses can be 
collected in the same manner as samples for other 
chemical analyses. 

- Flush sample lines and sampling equipment with sample 
medium to minimize radionuclide adsorption effects. 

- Sample containers made of Teflon, polyethylene, or 
polyvinyl chloride (PVC) will be used to minimize 
radionuclide losses by adsorption. (Glass and metal 
containers tend to adsorb radionuclides.) 

- Floating debris and bottom sediments will be avoided 
Avoid suspended sediments when sampling surface waters. 

when sampling ground water. 

- The pump or Teflon bailer will be decontaminated in 
accordance with the procedures in Appendix D, Ground 
Water Sampling Techniques, to minimize contamination of 
subsequent samples. . 

- Water samples will be filtered in the field through an 
0.45-micron membrane filter as soon as possible after 
sample collection when dissolved radionuclides are to 
be determined. Containers without preservative will be 
used to initially collect samples prior to filtration. 
Transfer samples to containers with preservative after 
filtration has been performed. When samples are 
collected for analysis of total radionuclide 
concentrations, containers with preservative will be 
used to collect the sample and filtration will not be 
required. 
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260 - Sample container lids will be tightly secured 

- Samples will be properly labeled and chain-of-custody 
records, sample collection logs, and laboratory request 
for analysis forms will be properly completed. 

E . 1 . 2  WATER LEVEL MEASUREMENTS 
The following procedures should be followed for collecting water 
level data from wells: 

. 

. 

. 

. 

. 
0 

E . 2  

Obtain permission from owner to measure water level in well 
if required off site. 

In the case of domestic wells, ask the owner not to use water 
for short time so pump does not activate and affect water 
level. Make sure water level is stable. 

Remove well cap if an access hole is not available. (Be sure 
not to take water-level measurements in the riser pipe from 
the pump discharge line.) 

Lower M-scope probe until water is reached (this will be 
indicated by a buzzer, meter needle deflection, or light); 
raise probe above the water level and slightly shake; then 
lower again and recheck. Be careful not to get tangled with 
electrical wiring from pump, if present. 

Note depth to water to 0.01 foot from the measuring point, 
i.e., top of casing, top of sanitary seal. 

Enter water level and measuring point in log with date and 
time or on Figure E-2, Piezometer Data Sheet. 

Replace cover on well. 
FIELD ANALYTICAL PROCEDURES FOR GROUND WATER SAMPLES 

Immediately following sample collection, temperature, pH, specific 
conductance, and dissolved oxygen will be measured in the field and 
documented on the Water Quality Field Collection Report (Figure E- 
l). The following field procedures pertain to these tests. All 
determinations will be performed on unpreserved samples. In 
adverse weather conditions, field determinations may be performed 
indoors in an area maintained at 20 to 25 degrees Celsius. Ground 
water field measurements may also be taken in 
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situ (downhole) to avoid changes which might occur if the sample 
is removed from the well. 
E.2.1 TEMPERATURE 
Scope and ADDlication 
The temperature of surface and ground water is important for 
numerous applications. It is required to normalize data from other 
analytical determinations such as pH, specific conductance, 
alkalinity, dissolved oxygen etc. 
Summary of Method 
Temperature readings are obtained by partially immersing the 
thermometer in a sample and allowing it to equilibrate for about 
two minutes. A minimum of two consecutive readings are obtained 
on each sample. 
ADparatus 
A metal-cased, direct-reading thermocouple with a normal range of 
zero to 50 degrees Celsius measured in two-degree intervals is 
used. 
Measurement Practices 

260 

0 Temperature readings should be taken immediately after sample 
collection on unpreserved samples. 

0 Readings should be taken until two identical values are 
obtained. 

0 The average readings for each sample will be documented 
immediately on field measurement or collection forms. 

Reference 
1. American Public Health Association, et al., 1985, Standard 

Methods for the Examination of Water and Wastewater, 16th 
Edition, Method 212, pp. 126-127. 



E.2.2 pH 

pH is defined as the negative logarithm of hydrogen-ion activity 
in a sample and is a measure of effective hydrogen-ion 
concentration. The pH values are very useful for assessing the 
acidic or basic nature of a body of water and also for elucidating 
complex chemical reactions occurring in water. 
Summarv of Method 
The pH of water is normally determined by immersing a combination 
electrode (glass and reference electrode) in the solution and 
measuring the potential difference with a pH meter. 
Amaratus 

ScoDe and ADDliCatiOn 260 

0 Standard pH meter (battery operated) with an expanded scale 

0 Combination electrode. 

capable of measuring pH to the nearest 0.01 unit. 

0 Three standard buffer solutions 
- pH 4.0; - pH 7.0; and - pH 10.0. 

0 A metal-cased direct-reading thermocouple with a normal range 
of zero to 50 degrees Celsius measured in two-degree 
intervals. 

Calibration 

0 Expose filling hole by lowering rubber sleeve. 

0 Make sure that the electrode is filled with potassium 

0 Rinse electrodes with distilled water. 

chloride (KC1) solution. 

0 Set pH meter to proper ambient water temperature. Tempera- 
ture correction of readings is automatic. 
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0 260 
Calibrate pH meter with at least two appropriate buffers 
before starting pH measurement and also after every fifth 
sample. Follow manufacturer's instructions for calibration. 

SamPle Measurement 

Rinse electrodes with distilled water. 

0 Transfer sample into a 100-milliliter beaker. 

0 Insert electrode into the sample solution and let it 
equilibrate for a few minutes. Stir the sample during 
measurement. 

Read the pH values on the pH meter to the nearest 0.1 unit. 

Measurement Practices 

Measure temperature and set meter to the correct temperature 
setting. 

Rinse electrodes with distilled water between each 
measurement. 

Make sure that the line cord is properly attached to the 
instrument. 

Expose filling hole on the electrode by lowering rubber 
sleeve. 

0 Electrode tip needs to be immersed only one inch to obtain 
accurate readings. 

0 Never move or touch connecting cables during pH measurement. 
References 

1. American Public Health Association, et al., 1985, Standard 
Methods for the Examination of Water and Wastewater, 16th 
Edition, Method 423, pp. 429-437. 

2. American Society for Testing and Materials (ASTM), 1985, 
Water, Standard D1293-84, pp. 253-264. 

3. Instruction Manual for Orion's 407A Specific Ion Meter. 
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E . 2 . 3  SPECIFIC CONDUCTANCE 
ScoDe of Amlication 260 
The ability of a solution to carry an electric current under 
specific conditions is reflected by specific conductance values. 
These values also indicate the concentration of dissolved solids 
in the natural water. Since specific conductance of a sample can 
change with time, this determination will be carried out in the 
field. The field measurement can also aid in assessing whether 
the sample is representative of the site. 
Summarv of Method 
A conductivity cell is immersed in a sample of water and the 
conductance in micromhos per centimeter (umhos/cm) is measured 
directly from the meter. The readings are corrected for tempera- 
ture and are recalculated for 25 degrees Celsius. 
ADparatUS 

0 Conductivity cell or probe: 
s Conductivity meter: and 
s Thermometer. 

Calibration 

s Switch on the instrument and let it warm up for a few 
minutes. 

rn Calibrate according to the manufacturerls instructions. 

Samr>le Measurement 

rn Insert the probe completely into the sample. 

s Switch the meter to the appropriate scale and record the 
readings in (umhos/cm) . 

s Measure the temperature of the sample with a thermometer. 

s Record all readings on the field measurement form. 
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260 
0 Correct the specific conductances values for temperature 

using appropriate temperature correction factors. 
Measurement Practice 

0 Replace battery when the read line adjustment cannot be 
accomplished. 

0 Rinse probe with distilled water between each 
measurement. 

References 

1. American Public Health Association, et al., 1985, Standard 
Methods for the Examination of Water and Wastewater, 16th 
Edition, Method 205, pp. 76-80. 

2. Instruction Manual for YSI Model 33 S-C-T Meter, Yellow 

E. 2.4 DISSOLVED OXYGEN 

Scope and Application 
Adequate dissolved oxygen is necessary to maintain the life of 
aquatic organisms. The dissolved oxygen concentration may also 
have an effect on the redox potential of surface and ground water 
and the chemical behavior of aqueous constituents. Physical, 
chemical, and biochemical activities in water may affect the 
dissolved oxygen levels. 
Summary of Method 
Dissolved oxygen is normally measured in the field by immersing a 
membrane electrode into the water. Oxygen gas molecules diffuse 
through a membrane into a measuring cell at a rate proportional to 
the concentration of molecular oxygen in the water. Inside the 
sensor, the oxygen reacts with an electrolyte and is reduced 
spontaneously or by an applied voltage, depending on the instru- 
ment. The current that is generated is directly proportional to 
the concentration of molecular oxygen in the water outside the 
sensor. The instrument reading is converted to the concentration 

Springs Instrument Company. 



of molecular oxygen present by calculation or proper caliZ#%ion 
of the instrument. 
Amaratus 

0 Oxygen-sensitive membrane electrode (polarographic or 
galvanic) : this includes two solid metal electrodes 
separated from the test solution by a selective membrane 
(commonly polyethylene or fluorocarbon). 

0 Samples with known dissolved oxygen concentration for 
calibration or reading against water-saturated air; 

0 Distilled water for calibration and instrument cleaning; 
and 

0 A metal-cased, direct-reading thermocouple with a normal 
range of zero to 50 degrees Celsius measured in two- 
degree intervals. 

Calibration 
, Follow the manufacturer's calibration instructions. Generally, 

calibration is performed against water-saturated air or water with 
a known dissolved oxygen concentration when measuring fresh water 
containing possible interfering substances. 
Measurement Practices 

e Temperature measurements should be taken at the time of 
dissolved oxygen reading. 

e Insert probe into the sample. 

0 Allow sufficient sample flow across membrane surface to 
overcome any erratic responses of instrument. 

0 Read current from meter (correct for temperature if the 
equipment is so equipped). 

0 Record all readings on field measurement form (Water 
Quality Field Collection Report, Figure E-1)'. 

0 Convert current generated to concentration and correct 
for temperature (if the equipment does not compensate 
for temperature). 



CFR 

CIS 

DOE 

EP 

E PA 

FFCA 

FMPC 

ftlday 

ft/ft 

GQAPO 

gpd/ft 

GPR 

HSL 

MSL 

MW 

os 
PCB 

QAPP 

RCRA 

RI/FS 

sc 
sw-2 

Tf 

TC 

260 ACRONYMS AND ABBREVIATIONS 

Code of Federal Regul at ions 

Characterization Investigation Study 

U . S .  Department of Energy 

Extraction Procedure 

Environmental Protection Agency 

Federal Facility Compliance Agreement 

Feed Materials Production Center 

Feet per day 

Foot per foot 

Groundwater Quality Assessment Program 
Out1 ine 

Gallons per day per foot 

Ground Penetrating Radar 

Hazardous Substances List 

Mean Sea Level 

Monitoring We1 1 

Offsi te 

Polychlorinated Biphenyl 

Qual i ty Assurance Project P1 an 

Resource Conservation and Recovery Act 

Remedial Investigation and Feasibility 
Study 

Speci f i c Conductance 

Southwestern Ohio Water Company - 
Collector No. 2 

T-stati stic 

T-statistic (comparison) 213 



Tm 

Tb 

TEGD 

TOC 

TOX 

TP 

U.S. EPA 

wb 

Wm 

WMCO 

ACRONYMS AND ABBREVIATIONS (CONT'D) 260 

T - s t a t i s t i c  (mon i to r ing)  

T - s t a t i s t i c  (background) 

Technical Enforcement Guidance Document 

To ta l  Organic Carbon 

To ta l  Organic Halogens 

Test P i t  

Un i ted  States Environmental P r o t e c t i o n  
Agency 

Weighting f a c t o r  (background) 

Weighting f a c t o r  (mon i to r ing)  

Westinghouse M a t e r i a l s  Company o f  Ohio 



Frequently change and calibrate membrane electrode 260 to 
eliminate interference from gases other than oxygen. 

Rinse probe with distilled water between each 
measurement. 

Store the probe in a water-saturated air environment. 

References 

1. American Public Health Association, et al., 1985, Standard 
Methods for the Examination of Water and Wastewater, 16th 
Edition, Method 421F, pp. 422-426. 
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