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The Federal Faci 1 it i es Compl i ance Agreement (FFCA) between U .  S . EPA and U . S. 

DOE directed that certain procedural aspects of the Pit 4 aquifer sampling and 

analysis program be provided to U.S. EPA for review and approval. This report 

has been prepared responsive to Item B of the FFCA: 

Within ninety (90) days of the effective date of this Compliance 

Agreement, U . S .  DOE shall submit to U.S .  EPA for approval a 
- __ - - - - . _  - -  _ _  - _ . _ _  - .__ - - _ _  

Item 8: 
- -  

detailed groundwater monitoring plan for the landfill (Waste Pit 

#4) pursuant to 40 CFR 265.90 and 265.91 . . . 

Response: A detailed groundwater monitoring plan for Waste Pit # 4  has been 

prepared and is provided. 

Item 8.1: A determination of groundwater flow at the RCRA regulated units 

that specifies both horizontal and vertical components . . . 

Response: A potentiometric map has been developed and is provided along with 

a detailed groundwater flow description at the RCRA regulated 

units (see Section 111). 

Item 8.2: A detailed map providing the location of all RCRA monitoring wells 

... 

Response: Maps have been prepared indicating the location RCRA monitoring 

wells and respective geologic cross-sections for subsurface 

conditions'underlying Pit 4 (see Sections I 1  and IV). 

Item 8.3: T:he specifications for the design and construction of all RCRA 

wells to be included in the monitoring system . . .  
. .  . .  

Response: The RCRA well specifications are provided (see Section IV) 

i 
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Item 6.4: A,list o f  parameters to be monitored ... 

Response: A list of parameters to be monitored for RCRA groundwater samples 

i s  being provided (see Appendix). 

Item 6.5: A sampling and analysis plan that meets the requirements of 40 C F R  

. .- - - ~~~ .~ -.. . _ _  _ _  .~ - . - - - 265.92. ~ .- ._..__ ~- - . 

Response: A sampling and analysis plan which has been prepared and 

maintained at the FMPC i s  being provided (see Appendix). 

i i  
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I .  INTRODUCTION 

In  August, 1985,. the Feed Materials Production Center (FMPC), a uranium metals 

processing facility operated by the Westinghouse Materials Company of  Ohio 

(WMCO) as of January 1, 1986, for the U . S .  Department of Energy (DOE), began 

an- a-qui fer 3ampl-i-ng and analysi s program around Waste Pi t #4. Thi s program i s 

designed to assist in bringing Pit 4, a RCRA regulated surface impoundment 

into compliance with the groundwater monitoring requirements of 40 CFR Part 

265 Subpart F (265.90-265.94). 

.. - -~ - ._ -. - 
~ ~ . .. . .~ ~ _. _ _ _  - . - - - - ~- - 

Recently, a Federal Facilities Compliance Agreement (FFCA) between U.S.  € P A  

and U.S. DOE directed that certain procedural aspects of the Pit 4 aquifer 

sampling and analysis program be provided to U.S.  EPA for review and approval. 

This repott has been prepared responsive to Item B of the FFCA and provides 

information on: 
0 

o 

o Horizontal and vertical components of groundwater flow in the glacial 

Geology and hydrology of the Waste Pit $4 area. 

till. 

o Horizontal and vertical components of groundwater flow directions in 

the sand and gravel aquifer. 

o Potentiometric maps showing groundwater flow directions in the s a x  

and gravel aquifer. 

o The location of RCRA monitoring wells. 

o Subsurface geologic conditions underlying Pit X4 as illustrate: 

through several cross sections. 
_ .  

0 Design and construction specifications o f  the wells used in t h e  

monitoring o f  Pit 4. 

-1 - c 



o Information on casing material, casing elevation, depth to water, 

groundwater table elevation, construction material. 

11. WASTE PIT #4 - GEOLOGY AND HYDROLOGY 

Waste Pit #4 was constructed by excavating into a layer o f  glacial till 

consisting mostly of  silty clay. The bottom and walls o f  the pit then were 

lined with a minimum of 12 inches of compacted clay. Maximum depth of the p i t  

is estimated at 24 feet. Between 1960 and the present, Pit 4 received about 

- - ~ -  _ _ _ _ _ _  _ -  - -  - _ _ _  - - - -  . - ~  _ _  - _ _  - 

50,000 cubic yards of low level radioactive waste containing slightly enriched 

uranium and thorium. Between May, 1981 and April, 1983, Pit 4 also received 

low-level radioactive waste containing barium 

disposed o f  in this pit have consisted 

construction rubble, asbestos, and graphite. 0 

chloride salt. Other materials 

of  radioactivity contaminated 

-2- 



FMPC GEOLOGY AND HYDROLOGY 

The FMPC is located in a 

This valley parallels the 

two-mile wide valley filled with glacial deposits. 

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. 
- _ _  - - -  - - - - - _ _  . -- - _ _  -~ - _ _  _ _  

o 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 of the Cincinnatian Series) is the relatively 

impermeable bedrock which now underlies the FMPC site area. 

o Sometime prior to, o r .  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 of 

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. 

o During subsequent Pleistocene glacial advances and retreats across the 

site area ( I l l inoisan-approximate ly  300,000 years to 400,000 years ago 

and 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 running 

consisted mainly of well sorted 

these sediments was a blanket 

glacial till from a more recent 

from the margins o f  the glaciers and 

sand and gravel. Deposited on top o f  

o f  clay-rich, relatively impermeable 

event . 
. .  

i 
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o Erosion by the Great Miami River and its tributaries then removed 

significant portions of the glacial till and left terrace remnants 

which stand topographically higher than surrounding bottom lands. The 

FMPC site lies on top o f  one of  these terrace remnants. 

Unconformably overlying the shale bedrock is a sequence o f  highly permeable 

sand and gravel glacial outwash deposits laid down by the meltwaters o f  

receding continental ice sheets. These outwash deposits generally consists o f  

an unconsolidated medium to coarse grained, olive brown 200 foot thick layer 

of sand and gravel. The sand and gravel layer is arranged in irregularly 

alternating layers of silty sand, medium to coarse sand, and medium to coarse 

gravel. 

a In the vicinity of the Waste Pit Storage Area, this layer is separated into 

two units by 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 site and apparently occurs only in the 

vicinity of the Waste Pit Storage Area and the production wells. It was 

probably deposited in an ice marginal lake or as a backwater deposit o f  a 

glacial stream. The top o f  this "blue clay" layer lies about 125 feet below 

the land surface. 

Hydrologically, the sand and gravel above and below the "blue clay" layer acts 

as a single unit. The "blue clay" layer is not sufficiently extensive to act 

as an aquitard and no significant head differences exist between wells 

completed above and below this layer. - 



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  the sand and gravel  a r e  

r epor t ed  t o  range  from 35,000 gpd/ f t  t o  300,000 g p d / f t  and 2 7 0  f t / day  t o  370 

f t / d a y  r e s p e c t i v e l y .  Tota l  p o r o s i t i e s  have been es t ima ted  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 a r e a  measured by the  USGS from water  l e v e 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  -to- 0.005 f t / f t .  - -Using- -these data,-- the r a t e  - o f  g-roundwateT--- 

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  cul a t e d  t o  range between 1 . 1  

f t / d a y  and 9.3 f t / d a y .  

F igure  2 i s  a Dames & Moore water l eve l  contour  map f o r  the sand and g rave l  

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  south  

and s o u t h e a s t  i n  the a r e a  around P i t  4 .  The upper 20 t o  30 fee t  of the  sand 

and g rave l  d e p o s i t s  a r e  no t  s a t u r a t e d  and wa te r  i n  t h i s  a q u i f e r  occur s  

approximate ly  60 t o  90 fee 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 thickness o f  t i l l .  

GLACIAL T I L L  

A t  the s u r f a c e  of  the  s i t e  and ove r ly ing  the sand and g rave l  outwash d e p o s i t s  

i s  a 20 t o  50 f o o t  t h i c k  l a y e r  of  g l a c i a l  t i l l  composed of  a dense ,  o l i v e - g r a y  

s i l t y  c l a y .  The t i l l  v a r i e s  i n  texture and composi t ion both l a t e r a l l y  and 

v e r t i c a l l y  and c o n t a i n s  lenses of  poorly s o r t e d  f i n e  t o  medium g ra ined  sand 

and g r a v e l .  The base  of  the  t i l  1 occurs  a t  about e l e v a t i o n  of  540 f t  MSL and 

o v e r l i e s  the sand and g rave l  outwash d e p o s i t s .  

To the west and south  of  the s i t e ,  the  s i l t y  c l a y  t i l l  l a t e r a l l y  grades  i n t o  a 

sequence o f  s i l t y  sand and s i l t  w i t h  some l a y e r s  of  s i l t y  c l a y . .  The s i l t y  

c l a y  t i l l  i s  cont inuous  t o  the  nor th  and e a s t  o f  the  s i t e  and d i r e c t l y  

o v e r l i e s  the bedrock i n  t h e s e  a r e a s .  I n  the lower r eaches  of Paddy’s k u n  a n d  0 

-6- 



W A T E R  LEVEL CONTOUR MAP 

KEY:  SAND AND GRAVEL AQUIFER 

0 MONITORING WELL L O C A T I O N  A S  O f  5 / 8 8  



0 the Storm Sewer Outfall Ditch, the silty clay till has been eroded away and 

the underlying sand and gravel are exposed. 

A saturated zone occurs within the silty clay till approximately 4 to 9 feet 

below land surface in some areas of the FMPC site. This saturated zone was 

encountered - in ~ three shallow - __ wells-_around Pit 4 and is probably -recharged by - - -  - -- 

precipitation. A saturated zone was not detected in test pits near well 

clusters to the east and south of the Waste Pit Storage Area. This saturated 

zone may be present because o f  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 hydraulic conductivities 

of 0.2 ft/day to 2.5 ft/day with.associated transmissivities of 3.5 gpd/ft to 

- 150 gpd/ft. 

-0- 
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CROSS-SECTIONS 0 
In order to illustrate subsurface geologic conditions underlying and in the 

vicinity of Pit #4 ,  two cross-sections have been prepared (Section A-A’ and 

B-B’). A cross-section is a two dimensional, cut-away view along a particular 

line. It provides a representation o f  what i s  known or inferred about 
.- -~ -geolog-ic condi-t-ions -a-Tong th-at- tine: --Theyyare- typ?cal-ly.-us-ed 60- illustrate- ~~~ 

both stratigraphy and the relationship of stratigraphy to structure and 

topography. 

Cross-sections in the vicinity of Pit #4 have been prepared using subsurface 

geologic data gathered during: 

Excavation of Pit rY4. 

NLO monitor well drilling program. 

Dames & Moore monitor well drill ing program. 

These cross-sections illustrate the existence of the four layered strati- 

graphic system underlying the Waste Pit Storage Area at the FMPC. A sh0r-L 

description of  each of these layers (from deepest to shallowest) i s  provide,; 

bel ow: 

Lower sand - This is a layer of coarse sand and gravel approximate‘. 

60 feet to 80 feet thick which overlies a shale bedrock. It i s  ~ 9 2  

major aquifer in the vicinity of the FMPC and was deposited by t - ?  

meltwaters of receding continental ice sheets (glaciers). 

“Blue Clay” - Occurring approximately 100 feet to 125 feet belo.4 

ground in the vicinity of the Waste Pit Storage Area i s  a 10 foot tc, 

- 

-9- 



I I  3 

20 f o o t  t h i c k  l a y e r  of g r e e n i s h  b l ack  s i l t y  c l a y .  T h i s  has  been 

r e f e r r e d  t o  by seve ra l  a u t h o r s  a s  the "b lue  c l a y " .  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  l a y e r  l i e s  about 125 fee t  below land 

surface. The "b lue  c l a y "  l a y e r  i s  no t  e x t e n s i v e  enough t o  a c t  a s  an 

a q u i t a r d and n o s i g n i f i La n t w &e r t ab1 e e 1 e v a t i on. d i f f e re n c e s --e x i s t - - _ _  - __ - - _ _  - -  - . _ _  

between we1 1 s completed above and bel ow t h i  s 1 aye r .  

Upper Sand - This  i s  a l a y e r  o f  c o a r s e  sand and g rave l  approximately 

80 f ee t  t o  100 f e e t  t h i c k  which o v e r l i e s  the "b lue  c l a y " .  The upper 

20 fee t  t o  30 f e e t  of these d e p o s i t s  a r e  not  s a t u r a t e d  and wa te r  i n  

th i s  a q u i f e r  occur s  approximately 60 f e e t  t o  90 feet  below the  land 

s u r f a c e  depending upon e l e v a t i o n  and t i l l  t h i c k n e s s .  

G l a c i a l  T i l l  - A t  the  s u r f a c e  o f  t h e  s i t e  and o v e r l y i n g  the  Upper Sand 

i s  a 20 f o o t  t o  50 f o o t  t h i c k  l a y e r  of g l a c i a l  t i l l .  I t  i s  composed 

o f  a dense ,  o l i v e  g ray  s i l t y  c l a y .  The t i l l  v a r i e s  i n  t e x t u r e  and 

composi t ion both l a t e r a l l y  and v e r t i c a l l y  and c o n t a i n s  l e n s e s  o f  

poor ly  s o r t e d  f i n e  t o  medium g r a i n e d  sand and g r a v e l .  A s a t u r a t e d  

zone o c c u r s  w i t h i n  the t i l l  approximately 4 f e e t  t o  9 f e e t  below t h e  

l and  s u r f a c e  w i t h i n  p o r t i o n s  o f  the  Waste P i t  S to rage  Area. 

Addit ional  d e t a i l s  on the  geology and hydrogeology o f  t h e  P i t  Y4 a r e a  can 5. 

found i n  the Dames & Moore Task C Report .  

-1 0 -  IS 
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I I I. HORIZONTAL AND VERTICAL COMPONENTS OF GROUNDWATER FLOW-GLACIAL T I L L  

Not enough information is available on groundwater movement in the glacial 

till to accurately characterize horizontal or vertical flow directions near 

Pit 4. Water table elevation data measured in the glacial till water bearing 

zone near Pit 4 for the past year are shown in Table 1. These data would 

indicate that groundwater flow is towards the northeast. However, groundwater 

table elevations in this water bearing zone may be influenced by: 

__  -- - _ _  - _ _  - -  - - - -  - .~ __..- - -~ _ _  - -  

o The fact that each well is screened in a different sedimentary facies 

o Groundwater mounding effects from Pit 4. 

o Other local flow derangements caused by the presence of Waste P i t s  1, 

2, 3, 5, and 6. 

o Differing groundwater recharge mechanisms to the glacial till. This 

saturated zone may be present because of vertical variations o f  

composition and texture of the till, or near-surface weathering or 

desiccation induced fracturing of the till. 

Vertical components o f  groundwater flow in the glacial till can be estimated 

from laboratory test data of undisturbed sediment samples (Reference 1). 

However, as previously described, many of the sedimentary characteristics o f  

the glacial till will tend to decrease the accuracy and representativeness o f  

this estimate. 

WMCO recognizes the importance of these glacial till characteristics and i n  

order to gather the necessary data to measure horizontal and vertical 

groundwater flow components in the glacial t i l l ,  an extensive drilling, 

monitoring well installation, soil sampling, and well testing program will be 0 

-1 3- 



TABLE 1 

GROUNDWATER TABLE ELEVATIONS 
FROM WELLS COMPLETED I N  THE 

GLACIAL T I L L  

August, 1985 MW-12 

MW-19TP 

MW - 21JP 

MW-22TP 

May, 1986 MW-12 

MW-19TP 

MW -21TP 

MW-22TP 

August, 1986 MW-12 

MW-19TP 

MW -2 1TP 

MW-22TP 

* From Top o f  Casing 

DEPTH TO WATER* 
- ( ft.) - --  ~ 

33.16 

7.46 

5.46 

8.96 

31.38 

8.73 

4.60 

7.62 

34.88 

7.42 

4.72 

7.30 

CAS I NG WATER TABLE 
ELEVATION- - -EI;EVAT-ION - - - - -  - - - - - -  

639.67 

584.96 

585.61 

588.91 

639.67 

584.96 

585.61 

588.91 

639.67 

584.96 

585.61 

588.91 

606.51 

577.50 

580.14 

579.95 

608.29 

576.23 

581.01 

581.29 

604.79 

577.54 

580.89 

581.61 

-1 4- 



conducted.  This program i s  part o f  the  CIS i n v e s t i g a t i o n  o f  the Waste P i t  

S to rage  Area which i s  expected t o  be completed i n  FY 1987. 
0 

HORIZONTAL AND VERTICAL COMPONENTS OF GROUNDWATER FLOW - SAND AND GRAVEL 

AQUIFER 

Horizonta l  groundwater f low d i r e c t i o n s  f o r  the _ _ _  sand and - grave l  - - a q u i f e r  - -  i n  the-- _ _ _ _ _  

v i c i n i t y  of  P i t  4 a r e  p re sen ted  i n  Table  2 .  These r a t e s  have a s  t h e i r  b a s i s  

three t h i n g s :  

.._ -- - __ __ _ _ _ -  _ _  - - -  

o H i s t o r i c  pump t e s t s  d a t a  recorded du r ing  the numerous government and 

p r i v a t e  p a r t y  hydrogeol ogi c and water  supply i nvest i g a t  i ons i n t h e  

s i t e  a r e a .  

o Pump t e s t  d a t a  developed du r ing  a r e c e n t  groundwater s tudy  

(Reference 1 ) .  

o R e s u l t s  of l a b o r a t o r y  a n a l y s i s  of  undis turbed  sediment  samples.  

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 "blue c l a y "  l a y e r  i s  no t  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  e x i s t s  between we l l s  

completed above and below th i s  l a y e r .  The upper 20 f e e t  t o  30 f e e t  o f  t h e  

sand and g rave l  a q u i f e r  i s  no t  s a t u r a t e d  and water  i n  t h e s e  d e p o s i t s  occurs  

approximate ly  60 f e e t  t o  90 fee t  below t h e  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 .  

These g l a c i a l  outward d e p o s i t s  show only g r o s s  t endenc ie s  towards 

s t r a t i f i c a t i o n ,  and t h e r e f o r e ,  the  v e r t i c a l  components o f  groundwater flow i n  

the  sand and grave l  should a l s o  be c o n s i s t - e n t .  w i t h  the-  ho r i zon ta l - -  r a t e s  

provided i n  Table  2 .  . 

-1 5- 



TABLE 2 

HORIZONTAL AND VERTICAL GROUNDWATER 
FLOW RATES - SAND AND GRAVEL AQUIFER 

BORING # DEPTH (ftl SOIL TYPE HYDRAULIC CONDUCTIVITY 
(cm/ sec ) 

36 
80 

sw-sc 
GP 

1.50 E-7 
2.58 E-3 

14 SP 
GP 

5.15 E-3 
4.79 E-3 

15 32 
55 

SP 
GP 

8.41 E - 4  
4.02 E-3 

16 

18 

35 SP 3.33 E-3 

55 sw 1.10 E-2 

Notes: 0 
(1) Source o f  Data is Appendix 2 o f  Reference 1 

(2) 

(3) Key to Soil Types 

Test Method was by Falling Head Permeameter 

SW - Well graded sands, gravelly sands, little or no fines 

SC - Clayey sands, sand-clay mixtures 

SP - Poorly graded sands, gravelly sands, little or no fines 

GP - Poorly graded gravels, gravel-sand mixtures, little or no fines 
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POTENTIOMETRIC SURFACE MAP OF GROUNDWATER FLOW DIRECTIONS I N  THE SAND AND 
GRAVEL AQUIFER 

0 
A potentiometric surface map illustrating groundwater flow directions in t h e  

sand and gravel aquifer in the vicinity o f  Pit 4 is shown in Figure 2. 

- - --This- map-indicates-that-groundwater-flow -directions-are general l-y-to-the-south- 

and southeast. These findings are consistent with a USGS potentiometric 

surface map f o r  the FMPC published in 1982 (Reference 2). These maps a l s o  

indicate that wells used for RCRA monitoring are hydrologically downgradient 

of Pit 4. They are capable of detecting significant amounts of hazardous 

waste or hazardous waste constituents that may migrate from Pit 4 to the sand 

and gravel aquifer. 

- 
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0 IV. GROUNDWATER MONITORING 

The groundwater monitoring program related to Pit 4 has been designed to 

characterize the Pit’s impact on the quality of groundwater in the uppermost 

(glacial till) aquifer underlying the Pit. In . addition, groundwater 

monitoring is currently being conducted which also will characterize this 

Pit’s impact on the quality of groundwater in the deeper sand and gravel 
~ ~~~~- ~ . - . ~ ~ ~~- ~ ~ . ~ ~ . ~ - - - - - -  - - -  - 

aquifer. 

The Pit 4 RCRA groundwater monitoring system consists of a set of nine wells: 

7 downgradient (3 completed in the glacial till and 4 completed in the sand 

and gravel aquifer) and 2 upgradient (1 completed in the glacial till and 1 

completed in the sand and gravel aquifer). Well locations are shown in Figure 

3. As built construction specifications are shown on Figures 4 A - E .  A 

discussion of each well and the rationale for its location and monitoring are 

provided below. 
0 

M W - 1 2 :  This well has been selected as the upgradient well for groundwater 

present in the glacial till. Well M W - 1 2 ,  which is screened in the glacial 

t i l l  water bearing zone, is located hydrologically upgradient of Pit 4 ,  about 

2100 feet north of Pit 4. The water table elevations i n  this well are about 

30 feet higher than the Pit 4 wells (see Table 1). This elevation difference 

would isolate MW-12 from known FMPC waste sources. This well would provide 

representative background water quality d a t a  for the uppermost water bearing 

zone near Pit 4 .  

MW-19 TP: This well is completed in a layer of silty clay within the glacial 

t i l l  water bearing zone. It- has been designed to intercept and monitor 

shallow groundwater flowing from the east side of Pit 4 .  The water table 0 

-1 0 -  



elevation (head) difference between MW-12 and MW-19 indicate that t h i s  well i s  

hydrologically downgradient of Pit 4. Therefore, this well is capable o f  

detecting statistically significant amounts of hazardous waste constituents 

that may migrate from Pit 4 in the glacial till water bearing zone. 

MW-21 TP: This well is completed - __ in - a layer .~ of clayey silt_co-nt-ajnjng_up to _ _  
-~ - -  

5% sand and gravel. It has been designed to intercept and monitor shallow 

groundwater flowing from the south side of Pit 4. The head difference between 

MW-12 and MW-21 TP indicate that this well is hydrologically downgradient o f  

Pit 4. 

Therefore, this well is capable o f  detecting significant amounts of hazardous 

waste constituents that may migrate from Pit 4 into the glacial till water 

bearing zone. 

MW-22 TP: This well is completed in a layer of silty clay with u p  to 1'6 

coarse gravel. It has been designed to intercept and monitor shallow 

groundwater flowing from the west side of Pit 4. The head difference betwee9 

MW-12 and MW-22TP and the presence of seeps in the clearwell and Waste P i t  = j  

indicate that this well is hydrologically downgradient of Pit 4. Therefore. 

this well is capable of detecting significant amounts o f  hazardous w a s t ?  

constituents that may migrate from Pit 4 into the glacial till water bear-;?; 

zone. 

SW-2: This well, located to the east of the FMPC has been selected as '.-+ 

upgradient well for the sand and gravel aquifer. In order to discuss :+-e 

basis for the selection o f  this background well, a basic understanding o f  t r t  

regional geology is required. A s  previously mentioned, the sand and gravs; 

aquifer beneath the FMPC is part of the New Haven Trough. This Trough 1s a r  

-1 9- 
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e a s t - w e s t  t r e n d i n g  subsu r face  f e a t u r e  which has been f i l l e d  w i t h  a l l u v i a l  

d e p o s i t e d  sands  and g r a v e l s  w h i c h  a r e  covered w i t h  t i l l .  T h e  no r the rn  

boundary o f  the f e a t u r e  cor responds  roughly w i t h  the nor the rn  boundary of  t h e  

FMPC. North o f  the  Trough, t i l l  i s  d e p o s i t e d  d i r e c t l y  on bedrock. 

A t  most RCRA r e g u l a t e d  f a c i l i t i e s ,  the background well  would have been placed 

- -upgradten t  (north)--of the-waste-37 spoSal area, -and-screened i n  the sand and 

g rave l  a q u i f e r .  However, no r th  o f  the s i t e ,  the sand and g rave l  a q u i f e r  

a b r u p t l y  g r a d e s  i n t o  a t h i ck  sequence o f  g l a c i a l  t i l l  ove r ly ing  s h a l e  bedrock. 

The chemis t ry  o f  groundwater i n  the t i l l  will be q u i t e  d i f f e r e n t  t han  t h a t  o f  

. _ _  ~ ~ - -  - -  

groundwater  i n  the sand and g r a v e l .  Groundwater i n  c l a y s  t e n d s  t o  have 

d i f f e r e n t  n a t u r a l  c o n c e n t r a t i o n s  o f  many c o n s t i t u e n t s .  The re fo re ,  i f  a well  

completed i n  the c l a y  were t o  be used a s  the background w e l l ,  

n o n - r e p r e s e n t a t i v e  background c o n c e n t r a t i o n s  may be i d e n t i f i e d  f o r  some o f  t h e  

0 c o n s t i t u e n t s  be ing  ana lyzed .  

Since an upgrad ien t  well  sc reened  i n  t h e  t i l l  w i l l  not  be r e p r e s e n t a t i v e  o f  

background wa te r  q u a l i t y  i n  the sand and g rave l  a q u i f e r ,  a nearby wa te r  supply 

we1 1 was s e l e c t e d  t o  c h a r a c t e r i z e  background ground-water  qual i t y .  The 

Southwestern Ohio Water Company o p e r a t e s  a well  which i s  completed i n  t he  

sands and g r a v e l s  o f  the New Haven Trough, approximately 0 . 2 5  miles  e a s t  o f  

the s i t e .  Although the well (SW-2) i s  i n  an a d j a c e n t  groundwater flow r e g i r e .  

the wa te r  from SW-2 will be more r e p r e s e n t a t i v e  of  t h e  n a t u r a l  ground-watei  

c o n d i t i o n s  beneath the FMPC r a t h e r  than a geograph ica l ly  c l o s e r  well  completed 

i n  the  t i l l .  The re fo re ,  t h i s  well w i l l  p rovide  r e p r e s e n t a t i v e  backgrounr’ 

water  q u a l i t y  f o r  the sand and g rave l  a q u i f e r  which underlies P i t  4 .  

. -  

MW-19s: This  wel l  i s  l o c a t e d  e a s t  o f  P i t  4 and i s  completed i n  the  upper 

s a t u r a t e d  p o r t i o n  of the sand and g rave l  a q u i f e r .  Based on the water  t a b l e  
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contour map (Figure 2) this well is hydrologically downgradient of Pit 4. It 

is capable of detecting significant amounts of hazardous waste constituents 

that may migrate from Pit 4 into the sand and gravel aquifer. 

MW-19d: This well is located along the east side of Pit 4 and is completed in 

the deeper portions of the sand and gravel aquifer, just above the "blue clay" 

layer. MW-19d is hydrologically downgradient of Pit 4 (see Figure 2 for water 

table contours) and is capable of detecting significant amount of hazardous 

waste constituents that may migrate from Pit 4 into the sand and gravel 

aquifer. 

_ _  - _ _  - - -- _ _  - - _ _  - -  - _ _  - _ _  __ - -- 

MW-21s: This well is located south of Pit 4 and is completed in a medium to 

course grained sand in the upper portions of the sand and gravel aquifer. It 

is hydrologically downgradient .of Pit 4 (based on water table contours 

provided in Figure 2). It is capable of detecting significant amounts of 

hazardous waste constituents that may migrate from Pit 4 into the sand and 

gravel aqui fer. 

MW-22s: This well is located along the western border of Pit 4 and is 

completed in a silty sand (containing u p  to 15% gravel) in the upper portions 

of the sand and gravel aquifer. Figure 2 illustrates that this well is 

hydrologically downgradient of Pit 4. It i s  capable of detecting significant 

amounts of hazardous waste constituents that may migrate from Pit 4 into the 

sand and gravel aquifer. 

In addition to the above described wells, the FMPC monitors 32 other wells i n  

and around the Waste Pit Storage Area. These additional wells are also 

sampl ed for RCRA re1 ated parameters. Detai 1 s regarding 1 ocat i on and 

construction of these wells can be found in References 1 and 3.: 
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MONITOR WELL CONSTRUCT1 ON 

All monitor wells have been constructed and cased i n  such a manner so t h a t  t h e  

integri ty  of the borehole i s  maintained.  All wells have been screened and 

gravel packed t o  enable sample collection a t  depths where appropriate water 

bearing zones are present. We1 1 construction procedures fol 1 owed USEPA 

el inesras described iK References 4 -and 57 The annular-space of  each-we1 1 

been sealed w i t h  bentonite t o  prevent cross-contamination and a l l  water 

i t y  resu l t s  t o  date indicate t h a t  casing material s/annul ar space seal a n t s  

n o t  influencing water quali ty.  

- __. - 
~ - _ _  

gu i 

has 

qua 

are 

-. - - -  
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WELL INSTALLATION PROCEDURES 

This section of the Response rovides a general de cription of monitor well 

drilling and installation procedures. Materials used in gravel packing and 

backfilling were sampled and analyzed for uranium. Only background 

concentrations were found. Two methods were used to install the Pit 4 

-moni toFi n g  we1 1 S - 1 ~  mud r o t a r y  drill ing--and backhoe excavation. 
.~ ~ . ~- ~ - __ - - - -  

(A)  Mud Rotary Drilling 

Standard mud rotary drilling techniques were used to install monitoring wells 

MW-12, MW-lgs, MW-lgd, MW-21s and MW-22s. This involved the drilling of an 

8-3/4 inch diameter borehole using a tri-cone bit and betonite muds. T h i s  

method was chosen because of the nature of subsurface sediments, anticipated 

drilling depths, well diameter requirements, and site access conditions. 

The drill rig, drill stem, bits and other down-hole equipment were cleaned 

prior to drilling and between each borehole. Water used in drilling 

operations was obtained from FMPC production Well # 3 .  This water was sampled 

0 

at regular intervals during drilling and found to contain only background 

concentrations of uranium. Split spoon samples were taken at 5 foot intervals 

and sediments were logged and used to assist in choosing the screen setting 

and in later geologic correlations. 

After drilling to the described depth, ASTM Schedule 40 PVC flush j o i r :  

threaded well screen and riser pipe was installed down the bore hole i n  i ?  

foot sections. The well screen was gravel packed with graded sand to a dep:? 

of 1 foot above the top of the screen. A 5 foot thick bentonite pellet sea: 

was then installed on top of the gravel pack. During installation-of t h e  
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gravel pack and bentonite pellet seal, the material was tamped periodically 

with a weighted ring collar to prevent bridging. 

Subsequent to installation of the bentonite pellet seal, the borehole’s 

annular space was backfilled with a mixture of either washed gravel and 

bentonite powder or cuttings and bentonite powder to a depth of about 20 feet 

-to 40- feet below-gradel-- A-t- th-i-s depth;- which-was the bottom- of the glacial 

till layer, another 5 foot thick bentonite pellet seal was instal ed. The 

borehole then was backfilled to within 5 feet of grade and a cement seal and 

locking protective pipe installed. 

- -  - - -  - -  _ -  - 
-- 

The above description is meant to provide general construction information for 

the Pit 4 wells. Slight variations or modifications to this method may have 

occurred during drilling of individual wells. 

(B) Backhoe Excavation 

A series of test pits were dug into the surficial till at various locations 

around the FMPC. This was done to provide information on surficial till 

composition and the location of the uppermost waterbearing zone. When water 

was encountered, a monitor well was installed in the excavation. Wells 

MW-lgTP, MW-21TP and MW-22TP were installed in this manner. Monitor well 

installation proceeded along the following 1 ines. 

Upon completion of the test pit to the required depth, usually 10 f e e t  to 15 

feet below grade, the excavation was photographed and its side walls logged. 

The size of the excavation usually ranged from 3 feet to 6 feet long and about 

2 feet wide. 
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Before well installation began, a 1 foot thick layer of washed gravel was 

installed over the bottom of the pit. ASTM Schedule 40, 4" i.d. PVC flush 

joint threaded well screen and riser pipe then was installed in 10 foot 

sections from atop a platform extending across the excavation. The excavation 

was filled with graded sand to a depth of 1 foot above the top o f  the screen. 

T h i s  sand pack was - -- regularly - - - tamped-to - - -  prevent bridging.-_The next step in the-- -- - 

well installation process was to backfill the excavation to within a few feet 

of grade with a mixture o f  washed gravel and benonite powder. Finally, a 

surficial cement seal was installed over the entire extent of the excavation 

and a locking protective casing emplaced over the PVC riser pipe. 

. -  _ -  - - 

It should be noted that this well installation technique, although somewhat 

unconventional, has provided a means of obtaining representative water quality 

data from the uppermost aquifer. The well screen for each of these wells are 

open and they yield water on a continuing basis. A s  would be expected, the 

water table elevations recorded in each well are flucuating with the seasons 

and as a result of variations in atmospheric pressure. 

To account for the larger than typical sand pack, additional volumes of water 

are removed during well evacuation prior to sampl ing (approximately 9-12 we1 1 

casing volumes). 

WELL CONSTRUCT ION SPEC I FICAT IONS 

Table 3 provides information on as-built well construction specifications. 

The location o f  each of these wells is shown on Figure 3. Boring logs and 

as-built schematics for the Pit 4 monitoring well are provided in Figures 4 A  

through 4E.  
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1.0 Introduction 

Waste Pit #4 at the Feed Materials Production Center in Fernald, Ohio i s  

subject to regulations of the Resource Conservation and Recovery Act 

Interim status regulations (as described in Task 8.5 of the Federal Fac 

RCRA) . 

lities 

Compliance Agreement (FFCA)) are addressed by this Response which presents a 

- - - _ _  __ __ --Sampl-i ng -and--Ana-l-ys-i-s-P-1 an -(-SAP-) -prepared-i n conformance-wit h- 40--EFR-265-. 9 2 : ~ -  -- --- ~ 

The SAP presents information on: 

o Groundwater sample col1 ect 

wells. 

on from both mon toring and water supply 

o Sample preservation and shipment procedures. 

o Analytical procedures and chain of custody controls. 

The groundwater sampling program at the 'MPC is a dynamic one. As such, field 

procedures described herein, may from time to time be modified based on 

weather and other conditions at the we 1 .  However, all sampling procedures 

utilized are designed to be consistent with USEPA/OEPA objectives and 

guidelines. 
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2.0 Scope of Plan 0 
This  document presents t h e  Sampling and Analys is  Plan r e q u i r e d  by Subpart  F ,  

S e c t i o n  265.92 of the Resource Conservation and Recovery Act (RCRA). 

Th i s  plan has been developed i n  accordance wi th  s p e c i f i c  r e g u l a t i o n s  and 

g u i d e l i n e s .  The fo l lowing  _ _  _ _ _ -  references - -  - have - been --- used - i n  i t s  .___ p r e p a r a t i g n :  _ _  - - ~- _ _  - . -  

(1)  Procedures Manual f o r  Ground Water Monitoring a t  S o l i d  Wastes 

Disposal F a c i l i t i e s ,  1979, U.S. EPA-530/SW-611 ( r e p r i n t e d  1980) .  

( 2 )  Manual of Ground Water Sampling Procedures ,  1981, Marion R .  S c a l f ,  

e t .  a1 . , NWWA/EPA S e r i e s .  

(3)  S tandard  Methods f o r  Analys is  of Water and Wastewater, 1985, 20th 

E d i t i o n ,  APHA-AWWA-WPCF. 

( 4 )  RCRA Ground Water Monitoring Enforcement Guidance, 1985, U . S .  EPA. 

As r e q u i r e d  by the r e f e r e n c e d  r e g u l a t i o n ,  t h i s  plan f o r  groundwater monitoring 

c o n t a i n s  procedures  f o r  sample c o l l e c t i o n ,  sample p r e s e r v a t i o n  and shipment,  

a n a l y t i c a l  p rocedures  and cha in  of  cus tody  c o n t r o l  s .  
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3 .O SAMPLE COLLECTION 

This section of the sampling and analysis plan presents procedures use to 

evacuate, sampl e and preserve groundwater sampl es coll ected from the FMPC 

monitoring well networks. 

In order to minimize the possibility for cross contamination, samples will be 

collected beginning at the well least likely to contain elevated levels o f  

hazardous wastes or their constituents (upgradient well) and ending at the 

well most likely to contain elevated levels of hazardous wastes or their 

constituents. The sampling order for monitor well locations is indicated in 

Table 1. During field sampling activites, wells are grouped into on-site and 

off-site locations. Each sampling team then samples its series of wells in 

the prescribed order. 

3.2 Sampling Technique 

The sampling technique can be divided into three separate stages: 

o Pre-sampling measurements 

o We1 1 evacuation 

o Sample acquisition 

Figure 1 is an example of a Field Sampling Record, used during the well 

sampling activities. This form follows the three stages mentioned above and 

is completed for each well sampled. 

Prior to pre-sampling measurements, the following information is recorded i n  

permanent ink on the Field Sampling Record. 0 



1 1 3  

o Facility Name 

o Name o f  sampling personnel, affiliation, date and time of sampling 

o Well number, location and well diameter 

o Short description of weather conditions 

3.2.1 Pre-sampling measurements 

Measurement o f  total well depth i s  made with a weighted tape, divided into 

feet, inches and tenths of an inch. The accuracy of the measurement is to the 

0.01 ft. 

The water leve indicator mode measurement is made with a water leve 51453 

The accuracy o f  this measurement made by Slope Indicator Co. (or equivalent). 

is also to the nearest 0.01 ft. 

Both measurements are made from the same chisel mark on the top o f  the outer 

protective (metal) well casing. 

Subtracting the depth to the water table from the total well depth, the height 

of  the water column in the well can be calculated. Multiplying this by t h e  

well conversion factor (based on well diameter) the number of gallons o f  w a t e r  

in the well can be estimated. 

. . . . . . . - 
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3.2.2 We1 1 Evacuation 

The composition of the water within the well casing and in close proximity to 

the well (e.g. the gravel pack) is usually not representative of the overall 

ground water quality at the sampling site. This is because important 

geochemical conditions such as the oxidation-reduction potential may differ 

- _ _ _ _  - - --drast-ical l-y- near --the--wel-l- from --those--i n-the - surrounding- water--beari ng--------- -- 

materials. For this reason it is essential that a well be pumped or bailed 

until the well i s  thoroughly flushed of standing water and contains fresh 

water from the aquifer. 

The recommended amount of water required to be pumped or bailed from the well 

before sampling is dependent on many factors including the characteristics of 

the well, the hydrogeological nature of the aquifer, the type of evacuation 

equipment being used, and the parameters being sampled. The time required may 

range from the time needed to pump or bail one casing volume to the time 
0 

needed to pump several casing volumes. At the FMPC, between 4 and 10 casing 

volumes of water are removed prior to sampling the well. Well water will be 

evacuated either by purge pumping or bailing. 

Pumpi ng 

The majority o f  monitoring wells currently in place at the FMPC have dedicated 

3.75" submersible pumps and discharge tubing installed in them. These pumps 

are used to purge and sample the wells. As each of these pumps are dedicated 

to a single well, no special cleaning at the pump or discharge tubing prior to 

or after sampling is required. 

. .  

- Purge- water withdrawn from the wells within the plant production area is 

collected in a tank truck and eventually fed into the FMPC's wastewater 0 
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treatment system. Purge water withdrawn from outside the plant production 

area is discharged onto the ground surface and directed away from the casing. 0 
For those wells that do not have a dedicated pump, a 3.5" portable submersible 

pump is used to purge the wells. The pump and associated tubing is cleaned 

after each use by pumping water with a non-phosphate detergent, tap water and 

then distilled water through the pump and tubing prior to its use in another 

well. 
_ _ _ _  _ _ _ ~  

The pumping start time is marked on the field sampling record and the pumping 

rate is monitored with a flow meter or by the time needed to fill a vessel 

(bucket) of known volume. Based on the pumping rate, pumping time is 

established to remove 4 to 10 volumes of water from the well. 

Bai 1 i nq 

0 There are several shallow wells in the surficial till layer which have 

recoveries too slow to allow for continuous pumping. In this case, wells are 

evacuated using a 2 foot long, 1.75 inch i.d. stainless steel bailer with a 

teflon check valve. If the well is bailed dry prior to removing the required 

volumes it is allowed to reach 80% of recovery and then immediately sampled. 

New nylon weave rope is used in the manipulation of the bailer and separate 

lengths are dedicated to each well. The rope is bagged and disposed after use 

on the site. 

A biodegradable, non-phosphate cleaning solution (e.g. , ALCONOX) is used to 

clean the bajlers upon completion of well evacuation. The bailer is triple 

rinsed with distilled water and wrapped i n  aluminum foil prior to reuse. 

Bailed water from wells within the plant production area is collected i n  a 

tanker and disposed in the FMPC's wastewater treatment system. Bailed water 0 
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from wells outside the plant production area, as well as wash and rinse water 

i s  discharged t o  the nearby ground surface. 

3 . 2 . 3  Sample Collection 

After removal of  the required volumes from the well, the sample bot t les  are 

clearly labelled i n  permanent i n k .  

For collection of samples from pumps, the pump discharge t u b i n g  i s  placed near 

the bottom of the sample bot t le  and gradually withdrawn as the container 

f i l l s .  A l l  sample bot t les  are f i l l e d  t o  the t o p  w i t h o u t  overflowing, and the 

caps are firmly hand tightened t o  prevent leakage. Because of the  re la t ively 

low t u r b i d i t y  of the ground water a t  t h i s  s i t e ,  no f ie ld  f i l t e r ing  of  samples 

i s  performed. 

- _ _  - - _ _  _ _  - - - - __ - - - - ___ - - - - - - - - - - - - - 

I n  the case of sampling w i t h  a bai ler ,  the water sample from the bai ler  i s  

minimally handled and transferred immediately t o  the sample bottle.  

As each fu l l  se t  of samples i s  collected from each monitoring p o i n t ,  they are 

stored i n  sampling k i t s  comprised of an insulated container containing ice and 

appropriate shipping and handling instructions.  

3 . 2 . 4  f ie ld  Blanks 

As part of the ongoing QA program, samples are accompanied t o  t he  l a b  by f i e l d  

blanks. Field blanks are divided i n t o  cleaning blanks and t r ip  blanks. 

Cleaning blanks are made prior t o  each round o f  sampling, a t  least  one each 

day of sampling. They consist of d i s t i l l e d ,  deionized water w h i c h  i s  

collected from the bailers a f te r  cleaning. They are analyzed and values a r e  

used t o  interpret  the effectiveness of  the c l e a n i n g  procedures and b o t t l e  

hand1 i ng procedures. 
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In  a d d i t i o n  t o  the cleaning blanks, two types of tr ip blanks accompany t h e  

samples. These consist of  sample bottes f i l l ed  w i t h  d i s t i l l e d ,  deionized 

water and capped i n  the laboratory. One trip blank remains capped and 

accompanies the sample a t  a l l  times until returning t o  the laboratory where i t  

i s  opened and tested along w i t h  the other samples. The other t r i p  blank i s  

set  aside dur ing  the sampling of the wells and l e f t  open t o  the atmosphere. 

--The- purpose -of these - t r ip-  blanks- is--to-e-nsure-- that-proper- sample bot t le  

preparation and handling techniques have been employed, and t o  evaluate the 

potential for  atmospheric influences on sampling equipment. 

- _ _  



0 TABLE 1 

Moni tori ng We1 1 Sampl i ng Order 

Sampl i ng 
Order 

1 
2 
3 
4 
-5--- 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 

19 

20 
21 
22 
23 
24 

25 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

40 

a 41 

We1 1 
Number 

12 
sw-2 
P- 1 

OS-1 deep 

15s 
16d 
16s 
17d 
17s 
18d 
18s 
20d 
20s 
20TP 
14d 

OS-1 dug 

14s 

9 
11 
13d 
13s 
8d 

8s 

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

OS-3 

Location 

Off North access road 
Southwest coll ector 
West side production area 
West.-side producti on-area- 
Water treatment P1 ant 
Farm house on Willey Road 
Farm house on Willey Road 
Pasture on Willey Road 
Guard training area 
Shooting range 
Willey Road Bridge 
Willey Road Bridge 
South of production area 
South of production area 
Southwest of production area 
Southwest of production area 
Southwest of production area 
Confluence of SSOD with 

Confluence of SSOD with 

Paddy's Run-East bank 
North of production area 
East of scrap metal site 
East of scrap metal site 
South of waste pit storage 

South of waste pit storage 

East o f  pit 3 area 
South of pit 3 
South of pit 3 
North of K-65 tanks 
North of K-65 tanks 
East of pit 4 
East of pit 4 
East of pit 4 
South of pit 4 
South of pit 4 
West of pit 4 
West of pit 4 
Exterior tap in yard of 

farm house off Willey Road 
East side o f  Paddy's Run- - - 

Road 
East side of Paddy's Run 

Road 

Paddy's Run 

Paddy's Run 

area 

area 

-9- 
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4.0 Sample Preservation and Shipment 

In order that laboratory results be representative of the actual sample 

condition at the time o f  collection, it is important that proper methods be 

used for the preservation and transport of the samples prior to their delivery 

to the lab. These procedures are summarized below and are consistent with 
. .- _ _ _  _ _  - -  

_._ - - USEPA requirements -as described- in References- 1 -and- 2. 

4.1 Sample Containers 

Proper types and materials must be utilized for the sample containers 

(bottles) in order to ensure that the samples, and in particular the 

parameters to be analyzed from that particular bottle, do not react with the 

container material and alter the concentration or values of the parameter. 

Sample bottles are suppl ied by ' the subcontracted laboratory and have been 

carefully selected to meet these performance objectives. A variety o f  

materials, such as amber glass, clear glass, and polyethylene are employed a s  

required. Where necessary, specialized sample bottles are uti1 ized, such as 

for VOC measurements. 

/ 

0 

4.2 Sampl e Preservation 

In addition to selection of proper container materials, other methods are 

often required in order to reduce the possibility of chemical reactions and/or 

precipitations occuring within the container which could alter analytical 

results. Those sample bottles which require chemical perservatives (e.g. 

acid) have the preservatives added by the laboratory prior to shipment of the 

bottles to 

thermal coo 

between col 

the site. In addition, all sample bottles are placed in iced 

ers and kept as close to 4°C as possible during the period o f  time 

ection and delivery to the lab. This refrigeration aids in the 

-1 0 -  51 
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suppression of bacterial growth in the samples. 

preservatives used and thei r appl i cat i ons . 
Table 2 lists various 

TABLE 2 
- -~ - -  _ _  

- Preservati o n a f  Groundwater Sampl es Pri or-to Laboratory Anal ysi s -- _ _  

Perservative 

Acid (HNO3) 

Action Applicable to: 

Materi a1 Inhibitor Nitrogen forms, 
Phosphorous forms 

Metal s sol vent, Metals 
prevents 
precipitation 

Acid (H2SO4) Bacterial Inhibitor Organic samples 
(COD, oil & grease, 
organic carbon) 

A1 kal i (NaOH) 

Refrigeration 

Salt formation with Ammonia, amines 
organic bases 

Salt formation with Cyanides, organic 
vol at i 1 e compounds acids 

Bacterial Inhibitor Acidity-alkalinity, 
organic materi a1 s ,  
BOD, color, odor, 
organic 
Phosphorous, 
organic Nitrogen, 
carbon, etc. 
biological 
organisms 
(coliform, etc.) 

-1 1- 



4 . 3  Sampl e . Sh i pmen t  

I n  o r d e r  t o  minimize t h e  p o t e n t  

samples a r e  de l  ivered p e r s o n a l l y  

a1 f o r  loss, d e s t r u c t i o n ,  or tampering, a l l  

t o  the l a b  by a member of  the sampling team. 

Sample b o t t l e s  i n  the i r  c o o l e r s  a r e  loaded onto a truck. The truck i s  kept 

locked w i t h  only the sampling team posses s ing  a key. The b o t t l e s  a r e  then 
~ _ _ ~ _  -~ __ ~ _ _  ~ ._ _ _  . . .- .~_ - - ~ - .  - . ~ ~ . . ~ .  .~ - - - 

d e l i v e r e d  d i r ec t ly  t o  . the l a b  and tu rned  over  t o  l a b  personnel .  

Chain-of -cus tody  c o n t r o l  i s  e x e r c i s e d  throughout the sampl ing and sample 

shipment p rocess  a s  d e s c r i b e d  i n  Sec t ion  6.0. 

5.0 Anal y t  i c a l  Procedures 

All a n a l y s e s  of ground water  samples i n  connec t ion  w i t h  RCRA groundwater 

sampling i s  conducted by Howard Labs, Inc.  of Dayton, Ohio. Howard Labs i s  

c e r t i f i e d  by both USEPA and OEPA t o  conduct such a n a l y s e s .  Analyses a r e  

conducted accord ing  t o  USEPA p r o t o c o l s  and procedures a s  out1 ined below. 

5.1 C o n s t i t u e n t s  Being Monitored 

A l i s t  of c o n s t i t u e n t s  t h a t  should be t e s t e d  f o r  i n  the FMPC groundwater was 

developed p r i o r  t o  the i n i t i a t i o n  of  expanded monitoring i n  Augus t ,  1985 t o  

meet RCRA requi rements .  This l i s t  addres ses  f i v e  ( 5 )  t ypes  of  parameters :  

o Parameters  used t o  e v a l u a t e  general  water qual i t y .  These include 

c h l o r i d e ,  i r o n ,  manganese, phenols ,  sodium and s u l f a t e .  

o I n d i c a t o r s  of  groundwater contaminat ion .  These i n c l u d e  pH, s p e c i f i c  

conductance ,  t o t a l  o r g a n i c  carbon and t o t a l  o r g a n i c  halogen. These 

parameters  a r e  t e s t e d  i n  q u a d r u p l i c a t e  as  r e q u i r e d  by 40 C F R  Par t  

264.90. 
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o Constituents evaluating drinking water suitability. These include 11 

metals, 3 radioncul ides, 6 pesticides/herbicides and coliform bacteria. 

o Parameters re1 ated specifically to past or current FMPC operat ions. 

This list includes 8 metals, 31 synthetic organic compounds, total 

dissolved sol ids and chemical oxygen de.mand (COD). 

- 

- 0 -  RadionElideC related t o  past or-curren-t FMPC operations. Fifteen are 

analyzed, including isotopes of uranium, radium, thorium and plutonium. 

. - - 

A complete list of all parameters being tested for in the FMPC groundwater is 

provided on Table 3. Appendix VI11 of 40 CFR 261 parameters are to be 

analyzed for selected RCRA wells as part of the Weston Characterization 

Investigation Study (CIS) for the Waste Pit Storage Area. 

5.2 Analytical Methods 

Chemical analysis of the samples is conducted according to methods specified 

in EPA-600/4-79-020, "Methods for Chemical Analysis of Water and Wastes". 

Radiological analyses are performed in accordance with procedures specified in 

EPA-600/4-80-032, Prescribed Procedures for Measurement of Radioactivity in 

Orinking Water." Where no €PA-approved method exists, analyses are conducted 

according to generally accepted standards and practices of the analytical 

profession under direct supervision of a chemistry Ph.D. The parameters 

analyzed, detection limits and the methods utilized are summarized in T a b l s s  

4, 5, and 6. 
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TABLE 3 

PARAMETERS TO BE ANALYZED 

A. For General Water Qual i ty  

1. Chloride 

3. Manganese 

4 .  Phenols 

5 .  Sodium 

6.  Sulfate  

B. For Indicators of Contamination (Quadruplicate Analysis) 

1. pH 

2 .  Specific Conductance 

3. Total Organic Carbon (TOC)  

4 .  Total Organ Halogen (TOX) 

C. For Drinking Water Su i t ab i l i t y  

1. Arsenic 

2 .  Barium 

3. Cadmium 

4. Chromium - Hexavalent 

- Total 

5. Fluoride 

6 .  Lead 

7 .  Mercury 

8. Nitrate 

9 .  Selenium 

10 .  Si lver  

11. Gross Alpha 

1 2 .  Gross Beta 

13. Radium 

-1 4- 
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TABLE 3 (Con't.) 

14.  Endrin 

15.  Lindane 

16.  Methoxychlor 

17.  Toxaphene 

18. 2 ,4 -D  
_ ~ _  .. ~ ~ - .  1.9- .2 -4. 5..T p--- ~ ~... . -~ - - 

9 9  

20. Col i form Bacteria 

D. Site Specific Parameters * 
1 .  

2. 

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

9 .  

10 .  

11 .  

12. 

13.  

1 4 .  

15.  

16.  

Nickel 

Cyan i de 

Copper 

Zinc 

Magnes i um 

Calcium 

Phosphorus 

Chlorobenzene 

Chl orodi bromomethane 

Chloroethane 

2-chloroethylvinyl 

Chloroform 

Di chl orobromomethane 

Dichlorodifluoromethane 

Total Di ssol ved Sol ids (TDS) 

Total Potassium 

17.  

18. 

19 .  

20. 

21. 

22. 

23.  

24.  

25 .  

26. 

27.  

28.  

29.  

3 0 .  

31 .  

32 .  

Chemi cal Oxygen Demand (COD) 

per Chl oroethyl ene 

cis 1 , 2  Dichloroethylene 

Tri butyl phosphate 

Acrolein 

Acryl onotri 1 1  e 

Benzene 

bis (chloromethyl) Ether 

Bromoform 

Bromodichloromethane 

Bromornethane 

Carbon tetrachloride 

Chloromethane 

1 , 2  Dichlorobenzene 

1,3 Dichlorobenzene 

1 , 4  Dichlorobenzene 
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Table 3 (Con’t.) 

33. 1,l Dichl oroethane 42. 1,3 Di chl oropropene 

34. 1,2 Dichloroethane 43. 1 , 1 ,2,2 Tetrachloroethane 

35. 1,l Dichloroethylene 44. Tetrachloroethylene 

36. 1,2 Di chl oropropane 45. Toulene 

- 37. - 1,2 Dichl oropropyl ene -- - - -- - 46. -1,l-,1-Trichloroethane - - - - -  - 

38. Ethyl benzene 47. 1,1,2 Trichloroethane 

39. Methyl bromide 48. Trichloroethylene 

40. Methylchloride 49. Trichl orofl uoromethane 

41. trans-1,2 Dichloroethylene 50. Vinyl Chloride 

E .  Radi onucl i de * 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Potassium 40 

Total Uranium 

Radium 226 

Radium 228 

Technetium 99 

Thorium 228 

Thorium 230 

Thorium 232 

9. Cesium 137 

10. Strontium 90 

11. Ruthenium 106 

12. Neptunium 237 

13. Plutonium 238 

14. Plutonium 239 

15. Plutonium 240 

F .  Schedule - Quarterly for one ( 1 )  years, semiannual thereafter (or as  
necessary according to. regulations). 

Required for RCRA and analyzed for each sample 

N o t  required for R C R A ,  but also analyzed for each sample 
. .  -~ 
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TABLE 4 

Parameter Oe tec t im  limit 

Clh 1 or i de 1 P r n  ' 

Iron 50 P0b 
Mangarnsc 20 P0b 
Phenols ( t o t a l  1 5 PPb 

50 PPb l--o .ppb~ ___  ~ . 
S o d i  UIA 

~ .- .- S."l-fa.tc-- ~ - ~ -  - ~ - - 

0.1 s t d . / u n i t s  PH 
Speci f ic  Conductance 
T o t a l  Organic Carbon (TOC) 1 PPb 
T o t a l  Organic Halogen ( T O X )  10 ppb 

5 PPb 
200 ppb 

Arsenic  
R a r i  urn 
Cadmi urn 2 PPh 
Chromium-Hexavalent 5 PPh 
c h  r mi um- Tot a 1 5 ppb 
F l u o r i d e  10 PPh 
Lead 5 ppb 
Mercury 2 ppb 
N i t r a t e  ( a s  N )  20 PPh 
Sel eo; um 2.5 ppb 
Si 1 ver  30 PPb 
Gross alpha 15 p C i / l  
Gross beta 5 p C i / l  
Radium 5 p C i / l  
Endr in  0.2 pob 
L i ndane '1.2 300 
"ethoxychlor  0.2 200 

2 , 4 , 5 - 7 P  Si 1 V e x  q.2 300 
To1 i f q r m  ?acf.*ri a 2 ' 1 X  nl 

Cyan i de 3 p o b  
Copper 25  p o b  

- - -- - - - -  

# 
. 
1 mho/cm 

i o r a  phene 0.: 200 
2 , j - o  0 .2  3PD 

llickel 5 DO3 

Zinc 25 3Db 
wagnes f um !I 30b 

Phosphor 9s ?? J33 
Ca 1 c i urn 50 335 

- 3 t a l  Dissoived Sol ids  ( T a S )  1') 500 
5,J 303 7 1 : l t a 1  2 Q t d s S i  Jm 

A n a l y t i c a l  Method** 

325.3 
236.2 
243 .2  
420 .3  
273 .2  
375:2------ 
1so.1 
120.1 
415.1 

206.2 
208.2 
213.2 

218 .2  
340.2 
239.2 
245.2 
352.1 
279.2 

900.0 
900.0 
900.1 
508 
5 a8 
538 
j 

528 
511? 

?I?. z 
3:s. 2 
2 2 3 .  z 
?'!?. 1 
Zl?. : 

165 - 1  

7 5 a  1 

__ - . ~  

218.4 

2 7 2 . 2  

r 

7 ' :  1 
_ . I . .  

t 

- . .  
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TABLE 5 

Chl orobenrene 
Ch\orodibromo,methane 1 

Chloroethane 
2-Chloroechl vinyl Ether 
Chloroform 
Oichlorobromomethane -- - - ~  - 

Dichlorodifluoromethane 
Chemical Oxygen Demand (COO) 
per Chloroethlyene 
cis 1.2 Oichloroethylene 
Tributylphosphate 
Acrol ei n 
Acrylonitrille 
Senzene 
biS (Chloromethyl )Etner 
Bromoform 
Bromodichloromethane 
3 r omome t h a ne 
Carbon t e t t a c h l  oride 
Ch 1 oromethane 
1 , 2  O! chl orobenrene 
1 , 3  Dichlorobenzene 
1,4 Dichlorobenzene 
1,1  Dichloroehtane 
1,2 D?chloroethane 
1 , 1  Oicnloroetnylene 
1 , 2  OichiJr9pr3pdne 
L.2 dlcnlorior3pylene 
icny :Sen:?ne 
H e c h y l ~ r m * J e  
Hernyl;iIdr.de 
T r d n s  1 , 2  2 .  zn : or3etny 1 ene 
1,3 J-chloropripene 
1 , 1 , 2 , 2  Tetracnloroethane 
Tetrachloroetnylene 
1 ,  t,1 Tr7cilor3etnane 
1 , 1 , 2  T r !  cni3roetnan.s 
Tr*cnlorootqylene 
T r :  c i  1 orJf! dororret iane 
‘d * I y I C n 1 ,jr * de 

Detection Liait  

2.0 ppe 
2.0 ppe 
2.1) ppe 
2.0 ppe 
2.0 ppe 

- 2.0 ppe- - - 

2.0 ppb 
10 PPb 
2.0 ppb 
2.0 ppe 
2.0 ppb 
2.0 ppb 
2.0 ppo 
2.0 ppo 
2.0 ppb 
2.0 ppb 
2.0 ppb 

2.0 ppb 

2.0 ppb 

2.0 ppb 
2.0 ppb 
2.0 ppb 

2.0 ppo 

2.0 ppb 

2.0 PPD 

2.0 PPD 
2 . 0  p p o  
2.0 goo 
2.3 ppo 
L.3 ppo 
2 .:I Jpo 
2 . 3  ppo 
2 .‘I ppo 
2.0 ppo 
2.0 ppo 
2.J  ppo 

2.1  p p o  
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TABLE 6 

P a r a m t e r  Oetection Limit Analytical Nethod 

Cesium 137 

Ruthenium 106 

Neptuni um 237 
Plutonium 239 
Plutonium 240 
Potassium 40 

Radium 226 
Radium 228 
Technet 1 urn 99 
Thorium 228 
Thorium 23U 
Thorium 232 
Uranium 2331234 
Uranium 235 
U r j n i d m  2J8 

. -  - _ _  Strontium 90 - -- _ _  _ _  _ _  
I 

5 pCi/l 

5 pCi/l 
S pCi/l 
5 pCi/l 
5 pCi/l 
5 pCi/l 
s pc1/1 
5 pCi/l 
5 pCi/l 
5 pCi/l 
5 p C 1 1 1  

5 p C i / l  

5 pCi1l 
5 pc1/1 

3 p c 1 / 1  

5 P W L  _ _ _  . . - - - __ -. - - - 

901 .o 
__  905 4 ~- ._ - 

t 

t 

Y03 .  L 
904 .o 

+ 
t 

t 

t 
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5.3 QA/QC Con t ro l s  

F i e l d  QA/QC c o n t r o l  i s  e x e r c i s e d  through the r o u t i n e  c o l l e c t i o n  of t h r e e  

t y p e s  of  QA blanks.  Cleaning b l anks  a r e  c o l l e c t e d  by pouring d i s t i l l e d  water 

i n t o  c l e a n  b a i l e r s  and then i n t o  sample b o t t l e s  f o r  l a b  a n a l y s i s .  Trip blanks 

of two t y p e s  a r e  c o l l e c t e d .  The f i r s t  invo lves  sample b o t t l e s  of d i s t i l l e d  

- -  -water,  provided by- the -1-ab, w h i c h  are--opened at-each sample-coll-ection p o i n t -  

and t h e n  r e s e a l e d  and sent t o  the l a b  f o r  a n a l y s i s .  This type of t r ip blank 

a l lows  f o r  e v a l u a t i o n  o f  p o s s i b l e  i n p u t  of t h e  parameters  of interest  t o  t h e  

sample v i a  contact w i t h  the atmosphere. Addi t iona l  trip blanks  remain sea l ed  

throughout  f i e l d  program. They a l low e v a l u a t i o n  of sample b o t t l e  p r e p a r a t i o n  

and sample handl ing  procedures  i n  the l a b .  

Howard Labs, Inc.  of  Dayton, Ohio has been c o n t a c t e d  t o  provide  l a b o r a t o r y  

a n a l y t i c a l  s e r v i c e s  f o r  th i s  s t u d y .  They main ta in  a complete house QA/QC 

program, w h i c h  i s  summarized i n  Attachment 1. Howard Labs i s  c e r t i f i e d  by 

both USEPA and OEPA t o  perform the ana lyses  r e q u i r e d  by RCRA.  

0 
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6.0 Chain of. Custody Control 

A chain-of-custody control program is employed in order to provide for tracing 

of possession and handling of individual samples from the field collection 

through 1 aboratory analysis. The various components of that program are 

summarized bel ow. 
-~ - - . - -  - --- - - - - ~ -- - - -  _ -  - _ _  - _ -  -- 

6.1 Sample Labels 

In order to avoid misidentification o f  the sample containers, each container 

has an adhesive label attached which indicates the sample identification 

number (well number), date and time of collection, and identification of the 

facility from which the sample was taken. 

6.2 Sample Seals 

0 As each thermal cooler is filled with sample bottles it is sealed by placing 

an adhesive band entirely around the cooler. This seal is then signed by the 

member of the collection team emplacing it. The seal i s  placed and signed 

such that opening of the cooler will result in obvious disruption of the seal. 

6.3 Chain-of-Custody Records 

In order to establish the documentation necessary to trace sample possession 

from time o f  collection, chain of custody information is recorded for each 

sample on a standard Chain-of-Custody form. 

These data includes: 

o Sample I.D. number 

o Reason for sampl ing 

o Witnesses 

-21 - 



3 

o Col 1 ect i on Procedure 

o Method of Preservation 

o Name, Signature, and Affiliation of each person taking 

possession of sample 

o Date and time of each transfer 

o Purpose of each transfer 
.- ~ .~~~ - - .  - -~o- -  -Other pert-i-nent-remark.s~.- . ~ - _  - -- - - -- 

An example of the Chain-of-Custody record presently in use is provided in 

Figure 2. 

6.4 Field Sampl ing Records 

In addition to the Chain-of-Custody forms, additonal dates regarding the 

circumstances of sample collection are recorded in the’ Field Sampling Records. 

These were discussed in Section 3.2. 0 
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