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A. I 

A.0 FIELD ACTIVITIES TO ASSESS POTENTIAL SITES 

CONE PENETROMETER TESTING (CPT) 

A. 1.1 Obiectives 

CPT was conducted. to assist in locating interbedded coarse granular material (CGM), in support of 

identifying the most suitable hydrogeology for the on-site disposal facility. 

The CPT activities were conducted in two phases. Phase I activities, which included 40 CPT 

locations, occurred in October and November 1994, and preceded soi1 borings to install monitoring 

wells and collection of lithologic and geotechnical samples for the Predesign Investigation. The CPT 

locations were selected by three-dimensional modeling of uncertainties (see Section 3.2), and 

complemented existing data in the following areas: 

where existing lithological sampling was sparse, but the existing data was relatively 
homogenous with respect to the detection of clay or sand materials; and 

where existing data was inconclusive concerning clay or sand.. These areas are possibly 
geologically heterogeneous and were selected for additional characterization. 

These sampling locations were selected to increase the certainty in the geological interpretation of the 

study area. 

Additional CPT soundings (Phase In) were conducted at 48 locations in March 1995 to collect 

geotechnical information for the design of the disposal facility. Additional CPT data from the Phase 

111 investigation was available for lithologic interpretation and was used to update solid block 

modeling of the coarse granular zones in the study area. The Phase'III CPT results enhanced the 

identification of the best hydrogeology for the disposal facility. The locations of the Phase I and 111 

CPTs are shown on Figure A-1. 

A. 1.2 

Truck-mounted equipment with steel rods were used to push a 1.4-inch diameter instrument probe 

Procedures and Field Activities 

into the ground. A detailed description of the CPT operation is provided in the Project Specific Plan 

for Phases I and I1 of the Predesign Investigation. During advancement, end bearing resistance (tip 

resistance, 43, friction resistance (sleeve stress, F3, and pore water pressure were measured by 
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transducers located in the probe. As the instrument was advanced, pressures as high as 40,000 

pounds were observed. The rate of penetration was maintained at approximately four feet per minute 

while instantaneous resistance and pore pressure were recorded by data logging equipment in the 

truck. 

Adjustments were made due to the relative positions of each measuring device on the probe so that 

data collected was compared at the same depth below ground level at each location. For example, tip 

resistance was measured approximately 0.3 feet lower on the probe than sleeve stress; therefore, 

sleeve stress data was adjusted downward 0.3 feet to correlate with tip resistance at the same location. 

Calibration of the CPT results was performed by using side-by-side CPT soundings, and comparison 

to soils descriptions from adjacent soil borings and selected geotechnical tests. The 

mechanical/electrical precision for the method is stated to be & 5 to 10 percent in end bearing 

resistance and k 10 to 20 percent in friction resistance. The CPT holes were abandoned by 

overdrilling and filling with a Type-IS expanding portland cement grout, using the Tremie method. 

A. 1.3 Data Collected 

Using data from CPT soundings, zones of potential granular material were identified and used as 

input for modeling activities and graphical methods to estimate the extent and interconnectiveness of 

granular material. Figures A-2 and A-3 show cross sections that contain the intervals of CGM 

identified from the CPT locations along the A-A’ and B-B’ traverses (see Figure A-9). 

During Phase I activities, CPT soundings were advanced at 40 locations. Sounding depths ranged 

from 25 to 40 feet below ground level. Each sounding was projected to terminate approximately five 

feet above the top of the Great Miami Aquifer (GMA). During Phase III activities, CPT soundings 

were advanced at 48 locations. Each sounding was again projected to terminate approximately five 

feet above the top of the GMA, except at 12 locations where the GMA was penetrated outside of the 

footprint of the disposal facility. The planned depth at these locations was 100 feet in order to obtain 

engineering data for the detailed design of the disposal facility. However, the maximum penetration 

of 96 feet was achieved at CPT 11647. At all other similar locations, the range of penetration depth 

was 36.0 to 80.5 feet. 
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A. 1.4 Results 

Data from the CPT soundings were used to identify potential zones of CGM which included gravel, 

sand and silt. A description of the CGM zones is presented in Tables A-1 and A-2. These inferred 

granular zones constitute approximately five percent of the CPT sounding profiles in the lithologic 

sections considered to be above the GMA. These zones may represent encounters with large gravel 

or cobble size particles in a clay matrix rather than interbedded coarse granular materials. Visual 

field classifications of RotasoniP and geotechnical borings strongly support this assessment. 

Graphs for each CPT are provided in Appendix E and present sleeve stress, corrected tip resistance, 

friction ratio, and pore pressure as a function of depth below ground level. An empirical method was 

used to evaluate CPT data in order to define lithologic profiles at each CPT location and to identify . 

potential zones of CGM. Figure A 4  is a graph adopted from Robertson, et al. 1985, which 

compares corrected tip resistance (QJ in bars to friction ratio (FA where, 

Eq. 1: Q, = Q, + u(l-AJAJ 

= Q, + ~(.1890) 

F, x 100% Eq. 2: F, - - 
Ql - avo  

Q, = 

u =  

A n =  

A, = 

F, = 

fJv, - - 

tip resistance 

penetration pore pressure 

net area behind the. tip not subject to 
pore pressure (1.257 in2) 

Projected area of the tip (1.550 in’) 

sleeve stress 

Total overburden stress 

The results for the above equations are expressed in pounds per square inch (psi). Tip stress data was 

corrected to bars of pressure for use with Figure A-4. 

Multiple CPT soundings were made at 17 CPT locations for calibration purposes, or because 

mechanical difficulties prevented penetration to the proposed depth. Each repeat CPT sounding 

location was approximately two feet from the original sounding. Borings were placed near 16 Phase I 
CPT soundings. These borings were placed either by Rotasonicm methods for the purpose of 

installing monitoring wells or lysimeters, or by conventional hollow-stem auger methods to obtain 
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geotechnical samples for analysis. Table A-3 lists all CPT locations and indicates each peripheral soil 

boring and its approximate distance from the CPT. 

Data from nearby CPTs was renewed to assist in determining the potential extent of CGM. One 

representative analysis includes an evaluation of CPT 11442A and B. A comparison of tip and sleeve 

stress measurements for' CPT 11442A and B is shown in Figure A-5. Similarities exist between these 

two soundings. However, in CPT 11442A, at the 26- to 28-foot interval, high tip resistance and 

elevated sleeve stress was interpreted as a sandy zone. Whereas, in CPT 11442B which was only two 

feet away, little if any evidence of increased tip resistance and sleeve stress was noted. This analysis 

of nearby CPT data indicates that zones of sand or other coarse fractions apparently have limited areal 

extent, thereby demonstrating the heterogeneous nature of the till and showing no potential for 

interconnectability of the coarse grained material over large areas. 

Corrected tip stress and friction ratio data for each CPT sounding were plotted in order to clarify the 

lithologic interpretation at each location (see Figure A-6). Data were plotted for each complete log 

and for selected segments or intervals below ground level depending on characteristic patterns 

presented by the CPT data profile. Figure A-7 is an example plot; it presents the complete data set 

from CPT 11435. The predominant soil classification at each CPT location was a silt clay mixture, 

typically a lean clay, which is consistent with the Unified Soil Classification System (USCS) from 

geotechnical samples, with varying amounts of sand. Deviations from this lithologic classification 

were characterized by increased tip resistance and sleeve stress measurements that represented 

encounters with gravel, cobbles, sand or silt layers. In the upper portions of the CPT data profiles, 

near the browdgray till interface, increased tip and sleeve stress may indicate overconsolidation due 

to desiccation of the soils. Potential zones of coarse materials such as silt, sand, and gravel were 

identified and thicknesses estimated. These interpretations are supported by nearby soil borings and 

geotechnical test results. 

One primary lithologic distinction is the brown-gray clay interface, which is defined primarily as a 

color change from a typically reddish brown color to a gray to olive-gray color. When comparing 

CPT data to boring logs in which the brown-gray clay interface was defined, no systematic pattern 

was observed in the CPT data profiles which could be used to accurately predict the location of the 

brown-gray clay interface. 
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TABLE A-3 

SUMMARY OF DISTANCES OF SOIL BORINGS 
FROM ADJACENT CPT LOCATIONS 
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In conclusion, the CPTs were valuable in helping to determine zones within the till of interbedded 

coarse granular material. These data were added to the solid block modeling for an enhanced 

lithologic interpretation. Also, CPT data were significant in demonstrating heterogeneity of the till; 

i.e., the zones of coarse grained material 'were localized making the potential for interconnectability 

low. 

A.2 WELL INSTALLATION AND SAMPLING 

A.2.1 Objectives 

There were 18 wells installed as part of the Predesign Investigation Phase I1 (Figure A-8). The 

objectives of the installations were to (1) identify interbedded and interconnected granular material in 

the till; (2) verify existing uranium concentrations in the till and perched groundwater; (3) identify the 

solubility of uranium present in the till; and (4) identify lateral and vertical perched groundwater 

gradients. The last objective will be discussed in Section A.6. The locations for these wells were 

selected using a three-dimensional model which was generated from the Site-Wide Environmental 

Database (SED) and CPT data. 

A.2.2 Procedures and Field Activities 

The wells were installed according to the Site-Wide CERCLA Quality Assurance Project Plan (SCQ) 

using a RotasonicN drill rig. Continuous samples were collected for lithologic descriptions using the 

Rotasonic'" barrel to depths summarized on Table A-4. The boring logs are presented in Appendix 

F. Soil samples were also collected for analysis of total uranium and isotopic uranium, batch tests 

(KJ, and toxicity characteristic leaching procedure (TCLP) total uranium and isotopic uranium. No 

boring penetrated through the till into the regional aquifer. Wells were completed using 2-inch 

diameter, 316 stainless steel riser and .OlO-inch slotted screen from 2 to 5 feet in length. The 

placement of the screened interval was determined by the field geologist with approval from the 

Operable Unit 2 Task Manager. The interval was selected by identifying the zone which had the 

greatest potential to yield water (i.e., coarsest granular material and/or the wettest zone). Table A 4  

shows screened intervals, which are defined by the top and bottom of the sand pack, and other 

pertinent well information. The filter packs were well-sorted quartz sand of 2040 mesh (medium). 

Water was used during well installation for extracting the sample cores and to provide lubrication 

between the drill casing and the sample barrel. Wells were developed after the grout surface seal 

cured, per the SCQ requirements. Water lost, purged, and development volumes are provided in 

5 

6 

7 

8 

9 

IO 

I I  

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

- 
33 

0 
FER\CRU2\PREDESIGN\T\APP-~~uly25, 1995 12:58pm A-17 



t 

FERNALD ENVIRONMENTAL 
RESTORATION MANAGEMENT 

CORPORATION 

Femald 

FEMP-OUO2-4 DRAFT 
July 31, 1995 

NEW MONITORING WELL 

3 
W z + 

480000 479000 478000 477000 483000 482000 481000 

- --c-__- ---- ---- ----- 
iF---, - 1  - 

+ + f + + 
i 
I 
; 

+ 

b 
hl e 
D < z 
3 
f 
-I 

W 
I- < 
I- 
wl 
W 
CK < 
wl 
W 
I- < 

a 

z 
n 
(r 
0 
0 -  
0 

Envirwnental Managemant Project 
- US.DEPARTMENT OF ENERGY DATE DRIWN R. 3-20-95 WILLIAMS FIGURE A - 8  

A FILE NAME: /2ccsl/don/map/hor/dp:h/ph2OOlO.dqn A-18 



- .  - 
L 118 

FEMP-OU02-4 'DRAFT 
July 31, 1995 

C 

P 
4 

F e 

A-19 



FEW-OU02-4 DRAFT 
July 31, 1995 

- 0 .- ._ 

Table A-5. Table A-6 shows the reference information, current and recent, for all of the wells used 

Well 
No. 

for the Predesign Investigation. 

Est hated 
Total Purge Volume Water Lost 

Date (Gallons) (Gallons) Remarks 

TABLE A-5 

PURGE VOLUMES AND ESTIMATED DRILLING WATER LOST 

11503 

11504 

11505 

11546 

11547 

11548 

01-14 14.5 14 Purged Dry 

01-15 42 6 Purged Dry 

01-18 17.5 8 Purged Dry 

01-20 6 0' Purged Dry 

01-23 4 0' Purged Dry 

01-20 2 0' Purged Dry 

11501 I 01-10 I 12 I 12 I Purged Dry 

11502 I 01-13 I 5 I 14 I PurgedDry 

* Water not used during drilling and sampling operations. 
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A.2.3 Water SamDlinq 
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A.2.3.1 

Groundwater sampling was conducted after the newly drilled wells were developed according to the 

SCQ. Parameter specific and general sample collection procedures were conducted according to the 

SCQ and RI/FS QAPP. Field measurements of water temperature, pH, conductivity, and dissolved 

oxygen were taken and recorded. One round of samples was collected and analyzed at a contract 

laboratory for alkalinity, bromide, chloride, magnesium, nitrate/nitrite, phosphates, sulfate, isotopic 

uranium, total uranium, carbonate, and tritium. 

Sample TvDes Collected and Analvzed 

A.2.3.2 Radionuclide Results 

The analytical results for uranium, tritium, and isotopic uranium are shown on Table A-7. Figure 

A-9 shows the traverses for cross sections. The results for total uranium and tritium are shown on 
Figures A-10 and A-11 which are cross-sectional views of the wells. Tritium, with a half-life of 12.4 

years, was thought to be a potential environmental tracer for precipitation movement in the till. The 

tritium. concentrations varied vertically and laterally, as did the total uranium results. The results will 

be discussed as nested groups, which is how these wells were installed. There are a total of seven 

nests, five which contain two wells, and two which contain three wells. Also, there are two isolated 

wells, which are screened across the browxdgray till interface. 

Nest I contains Wells 11491 and 11492. As shown on Table A-7 and Figure A-10, the tritium and 

total uranium is higher in 11491 (7.77 tritium units (TU) and 3.1 pg/L) than in 11492 (2.48 TU and 

0.35 pg/L). Well 11491 is screened from 586.13 feet above mean sea level (MSL); to 581.63 feet 

above MSL; 11492 is screened from 595.53 feet above MSL to 588.53 feet above MSL. 

Nest II, which is south of Nest I, is comprised of Wells 11493, 11494, and 11495. Well 11494 has a 

tritium value of 14.5 TU, which is the highest for this nest,and also higher than Nest I values. Well 

11494 is screened from 595.51 feet above MSL to 587.01 above MSL. This is approximately the 

same elevation interval as for 11492. Well 11493 has a tritium value of 5.46 TU and is screened from 

585.38 feet to 578.88 feet, and Well 11495 is dry and screened from 573.18 feet to 566.68 feet above 

MSL. The total uranium concentration was 14.44 pg/L for 11493 and 5.8 pg/L for 11494 (for 

reference, the established FEMP 95* percentile background level for total uranium is 4.0 pg/L) 
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Nest 111, which is south of Nest 11, contains Wells 11496 and 11497. Well 11496 is screened from 

593.65 to 585.65 feet above MSL. It has a tritium value of 17.2 TU, which is the highest for this 

nest, and a total uranium value of 1.7 pg/L (Figure A-10). Well 11497, which is the deeper well and 

screened from 574.34 feet to 570.34 feet above MSL, has a tritium value of 1.33 TU and a total 

uranium concentration of 5.3 pg/L. 

Nest IV, south of Nest 111, contains Wells 11498 and 11499. These wells are screened from 567.6 

feet to 561.6 feet above MSL and 579.68 feet to 572.68 feet above MSL, respectively. The values 

for 11498 are 1.85 TU for tritium and 2.6 pg/L for total uranium. Well 11499 has a tritium value of 

4.55 TU and a total uranium value of 9.4 pg/L. 

Nest V is located east and south of Nest 111 and is comprised of Wells 11500, 11501, and 11546. 

The screened intervals are from 579.93 feet to 573.43 feet (ZlSOO), 565.97 feet to 561.97 feet 

(11501), and 589.9 feet to 585.9 (11546) feet above MSL. The highest tritium value for this nest 

was 21.8 TU from 11501, which is the deepest of the three wells. Wells 11500 and 11546 had 

tritium values of 9.7 TU and 17.3 TU, respectively. The total uranium values were 3.4 pg/L for 

Well 11500 and 0.58 pg/L for well 11501, which is the deeper well. There is no uranium value 

available for 11546. . 

Nest VI, which south of Nest V, is made up of Wells 11502 and 11503. These wells are screened 

from 575.79 feet to 571.79 feet (Well 11502), and 569.47 feet to 565.47 feet above MSL. The 

tritium values of 11502 and 11503 are 8.5 TU and 12.1 TU, respectively. The total uranium 

concentration for 11503 was 3.2 pg/L, and for 11502 was 6.8 pg/L. 

Nest VII, which is the nest furthest south, is comprised of Wells 11504 and 11505. The screened 

intervals for these wells are from 576.02 feet to 572.02 feet (Well 11504), and 567.08 feet to 563.08 

feet (Well 11505) above MSL. The tritium values for 11504 and 11505 are 15.7 TU and 10.9 TU, 

respectively. The total uranium concentrations are 3.8 pg/L for well 11504 and 1.8 pg/L for well 

1 1505. 

There were two unnested wells, Wells 11547 and 11548, and the total uranium results were 198.91 

pg/L and 58.91 pg/L, respectively. The tritium for Well 11547 was 12.2 TU and for Well 11548 

was 19.5 TU. These elevated total uranium levels are discussed further in Section 4.0. 
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The browrdgray till interface was L.e only major lithologA: feature ,.I the till that could be identified 

in every borehole. Five wells were screened across this interface during this investigation; Wells 

11547, 11548, 11494, 11496, and 11504. As shown on Table A-7, the results for tritium ranged 

from 12.2 TU to 19.5 TU. Total uranium concentrations ranged from 1.4 pg/L to 200 pg/L. 

The total uranium concentrations range from 1.4 pg/L to 200 pg/L for all of the new wells and old 

well in the study area. 

A.2.3.3 Chemical Results 

Six ions were analyzed to help develop the conceptual model for water movement in the till. 

Chloride and bromide were selected because they are components of rainfall and there were no known 

sources for these ions in the perched groundwater. 

Background values for bromide, chloride, sulfate, magnesium, nitrate, and phosphate have been 

investigated at the FEMP (DOE 1993). The range of values measured in wells completed in the till 

and observed in background glacial till wells presented in Table A-8 and summarized in Table A-9. 

There were elevated above background concentrations of sulfate (1,100 mg/L), nitratehitrite (4.02 

mg/l), and phosphate (5 18 pg/L), and magnesium (290 mg/kg). These elevated concentrations may 

be due to prior agricultural practices in the study area. Alkalinity was also sampled and had results 

ranging from 3 mg/L to 42,000 mg/L; however, background concentrations are not available. 

Chloride was within the range of background concentrations, and bromide does not have an 

established background. 

A.2.4 Soil Samdinq 

A.2.4.1 

Samples for definition of the distribution coefficient (Io for uranium were collected from seven of 

the borings: one from the gray till and one from the brown till for a total of 14 samples. Soil 

samples were transferred to containers as quickly as possible with as little disturbance as possible. 

Also, samples were collected for total uranium, isotopic uranium, TCLP total uranium, and TCLP 

isotopic uranium. 

Soil Samde TvDes Collected and Analyzed 
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TABLE A-9 

CHEMICALS DETECTED IN GLACIAL TILL WELLS 
COMPARED TO BACKGROUND VALUES 

1 

aBackground study report in "Characterization of Background Water Quality for Streams and 
Groundwater, " Fernald Environmental Management Project, Fernald, Ohio. May 1993. 

NA = Not analyzed. 0 
A.2.4.2 Results 

The results from the I(d study are discussed in Section A.6. The radionuclide results are shown on Table 

2-10. The total uranium range is from 1.6 mg/kg to 3.7 mgkg (for reference, the established FEMP 95" 

percentile background level for total uranium is 3.4 mg/kg). 

A.3 LYSIMETER INSTALLATION, SAMPLING AND ANALYSIS 

A.3.1 Obiectives 

Eight lysimeters were installed and sampled. The primary objective was to determine the nature and 

concentration of uranium in the vadose zone of the till and the unsaturated GMA for the eastern site and 

for an off-site location. Lysimeters were used instead of wells since lysimeters can collect samples from 

unsaturated areas. The data from the off-site location were intended to establish background lysimeter 

uranium concentrations. Tritium analyses were performed for the vadose zone to estimate the relative 

age of the perched water with depth. Bromide was added as an environmental tracer to the lysimeter 
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installation water. Samples were analyzed for bromide and chloride to determine when the lysimeters 

reach equilibrium. A secondary objective was to establish general chemical properties for the 

groundwater collected from the vadose zone. 

A.3.2 Procedures and ComDleted Field Activities 

Locations for the lysimeters are shown in Figure A-12. These locations were selected using 

three-dimensional solid block modeling (Section 3.2) of the analytical data from the SED and the data 

collected from CPT. Some of the lysimeters were placed in clusters to monitor the fluid characteristics 

at multiple depths at one location. There are three on-site locations which include two nested lysimeters, 

one stand-alone lysimeter, and one off-site location with three lysimeters. The lysimeters were installed 

using hand-augers and Rotasonic" drilling, and were completed to depths summarized in Table A-11. 

General drilling practices were in accordance with the SCQ. 

The lysimeters are a two-inch diameter vacudpressure soil pore water samplers. Lysimeters allow 

water to enter a micro-porous cup at the instrument's base by means of capillary forces or vacuum. The 

cup is attached to an 18-inch polyvinylchloride (PVC) cylindrical body with full-depth riser and a PVC 

head. The lengths of the nylon tubing extend from the lysimeter body through the riser head at the 

surface and are used for vacuum extraction and pressure sampling. The sample tube extends from the 

head through the lysimeter to a point just in contact with the inside base of the lysimeter. The vacuum 

extraction tube extends into the lysimeter to a point approximately three inches below the inside of the 

cap. 

Prior to installation, the lysimeter and associated tubing were decontaminated, tested, and installed 

according to the manufacturer's specifications and SCQ procedure+ The lysimeter components were 

assembled and installed with a full-depth, two-inch PVC riser screwed onto the lysimeter body to house 

the nylon tubing. The tubing was measured and cut to allow approximately two feet of riser above the 

surface. A three- to six-inch-thick slurry of silica flour and distilled water was tremied into the open 

borehole. Prior to making the slurry mixture, the composite silica flour was sampled and submitted for 

analysis for total and isotopic uranium, and grain size analysis. A bromide indicator was added to the 

water that was used in slurry production so that the influence of the added water on the sample could be 

assessed. The lysimeter and riser were gently lowered into the boring and secured at the surface to 

prevent floating. 
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Additional slurry was placed two to four inches above the top of the ceramic tip of the lysimeter. At that 

point, 80/100 mesh sand was poured to a minimum of three to six inches above the top of the lysimeter, 

followed by a column of Volclay grout to within three feet of the surface, then a bentonite seal. This 

grout was placed with a tremie line and will prohibit perched water from draining into the lysimeter zone. 

Bromide was added to the slurry as a tracer at a concentration of 50 parts per million (pprn) and was used 

to determine when to perform the final round of sampling. Uranium analysis was conducted on the final 

round of sampling to assess potential impacts from previous production activities. Tritium samples were 

collected and analyzed to assist in estimating the approximate age of the water in the vadose zone. The 

other analytical results were used in a comparison with the general chemistry of the perched groundwater 

collected from the wells installed for this investigation. 

Sample recovery from the lysimeter was in accordance with manufacturer’s instructions, general SCQ 

protocol, and American Society for Testing Methods (ASTM) D4696-92. After satisfactory installation 

of each lysimeter, a vacuum hand pump was used to lift the sample into the holding chamber of the 

lysimeter. Pressure was gently increased to lift the sample into the sample container. 

All samples and measurements were collected, handled, documented, shipped, 

to SCQ protocol. A comparison of actual samples collected versus those 

Appendix H. . 

and validated according 

planned is presented in 

A.3.3 Water SamDling and Results 

After installing and purging the new lysimeters, four rounds of samples were collected. Samples 

collected during the first three rounds were analyzed for bromide, chloride, sulfate, magnesium, and 

alkalinity (Table A-12, Lysimeters 11482 through 11559). The results of the analyses were used to 

determine when, or if, the bromide concentration was approaching background or equilibrium. Also, 

existing lysimeters were sampled for the same aforementioned parameters, which assisted in determining 

equilibrium concentrations (Table A-12, Lysimeters 11 129 through 11 134). When purge volumes for 

the new lysimeters reached equilibrium, a final round of sampling was conducted for the aforementioned 

parameters, and total uranium and tritium (Table A-13). A bromide detection limit of 0.1 ppm indicates 

that installation water had diluted to as low & 0.2% of its original concentration. Samples from the 

existing lysimeters did not detect bromide above 0.1 ppm. The bromide concentrations in the new 

lysimeters indicated that Lysimeters 11486 and 11488 were purged completely of water used during 
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installation indicating the final round of sampling will contain water from the vadose zone. 

A.3.4 Soil SamDling and Results 

During the drilling for the lysimeter installation, soil samples were collected continuously, and described 

according to ASTM D2488. Soil samples were collected from the interval selected for placement of the 

lysimeter and analyzed for total uranium, isotopic uranium, TCLP total uranium, and TCLP isotopic 

uranium. The uranium analytical results assisted in determining the vertical and horizontal extent of 

uranium contamination and the solubility of detected uranium. All samples were visually described and 

all sample collection points were surveyed to define the surface elevation and the northing and easting 

location. 

The results of the lysimeter soil sampling are summarized on Table A-14. Total uranium ranged from 

1.5 mg/kg to 2.3 mg/kg (for reference, the established FEMP 9 s  percentile background level for total 

uranium is 3.4 mg/kg). The TCLP total uranium concentration of these soils ranged from 1.3 pg/L to 

9.9 p g L  0 
A.4 GEOTECHNICAL BORING INSTALLATION AND SAMPLING 

A.4.1 Obiectives 

Fourteen borings (see Figure A-13) were advanced to collect soil samples to characterize the preliminary 

engineering properties (geotechnical properties) of the soil for the preliminary design of the disposal 

facility. These samples were also used to verify existing vertical and horizontal extent of uranium 

contamination and assist in identifying interbedded granular material. The geotechnical boring locations 

were determined using data from the SED and data collected during the CPT investigation (Phase I). 

Geotechnical samples were collected from both the brown and the gray till. 

A.4.2 

Soil samples were collected from 14 soil borings using split-spoon (ASTM D1586) or Shelby tube-type 

samplers (ASTM D1587). The borings were advanced by truck-mounted, hollow-stem auger drill rig 

(ASTM D1452). A comparison of samples proposed in the Predkign Investigation Work Plan to the 

samples actually collected is provided in Appendix H. A summary of tests conducted and their intended 

Procedures and Comdeted Field Activities 
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use in the report are provided in Table A-15. A summary of all geotechnical analyses conducted during 

the Predesign Investigation are provided in Table A-16. 

D2435 

D4767 

D2166 

A.4.3 

The following sample collection variances from the Work Plan occurred during geotechnical sample 

collection: 

Variances for the Work Plan 

Remolded Consolidation 0 2 +2 

Triaxial Compressive Strength 0 4 +4  

Unconfined Compressive Strength 0 14 + 14 

Notes: 

(1) Unit weights were measured in D698 and D2435. 

A summary table of specific borings and sampling intervals is included in Appendix D. The variances 

from the work plan were generally to increase the number of analyses, except for unit weight 

measurements (ASTM 2937). The unit weight measurements were done as part of the compaction (D698) 
and consolidation (D2435) tests, and were not conducted as a separate test. Therefore, the unit weight 

test (D2937) was eliminated from the plan. 
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ASTM Method 

D422 

D4318 

D854 

D22 16 

D2166 

D4767 

TABLE A-15 

SUMMARY OF GEOTECHNICAL TESTS ON SOIL SAMPLES 
AND THE INTENDED USE OF THE DATA 

Intended Use 

Define sorting and confirm coarse-grained materials and clay behavior. 

Required to establish disposal facility design basis and for development of 
the Preliminary Design Submittal 

Saturation and percentage open area. 

Information required for the engineering design of the disposal facility. 

Information required for the engineering design of the disposal facility. 

Information required for the engineering design of the disposal facility. 

D2435 

D5084 

c109 

11 D698 I Information required for the engineering design of the disposal facility. 
I 

Information required for the engineering design of the disposal facility. 

Undisturbed and remolded permeability used to define potential vertical 
hydraulic conductivity. 

Information required for the engineering design of the disposal facility. 
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TEST NO. 
ASTM D422 
ASTM D854 

TABLE A-16 

SUMMARY OF ASTM PROCEDURES 

TITLE 

Standard Method for Particle Size Analysis for Soils 
Standard Test Method for Specific Gravity of Soils 

ASTM D2216 

ASTM D4318 

Standard Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 

ASTM D4767 

ASTM D2435 
ASTM D698 

ASTM D43 19 
ASTM C109 
ASTM C150 
ASTM D420 
ASTM D1452 
ASTM D1586 
ASTM D1587 

Test Method for Consolidated-Undrained Triaxial Compressive Test on Cohesive 
Soils 
Standard Test Method for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter 
Test Method for One-Dimensional Consolidation Properties of Soil 
Laboratory Compaction Characteristics of Soil Using Standard Effort 

Standard Test Method for Distribution Ratios by the Short-Term Batch Method 
Compressive Strength of Hydraulic Cement Mortars 
Standard Specification for Portland Cement 
Standard Guide for Investigating and Sampling Soil and Rock 
Standard Practice for Soil Investigation and Sampling by Auger Borings 
Standard Test Method for Penetrometer Test and Split-Barrel Sampling of Soils 
Standard Practice for Thin-Walled Tube Sampling of Soils 

11 ASTM D2937 I Unit Weight 

ASTM D2166 
ASTM D2487 

Standard Test Method for Unconfined Compressive Strength of Cohesive Soil 
Standard Classification of Soils for Engineering Purposes 

ASTM D3441 II 
11 ASTM D2488 I Standard Practice for Description and Identification of Soils 

Standard Test Method for Deep, Quasi-Static, Cone and Friction Penetration 
Tests of Soil 

7 

ASTM D4700 
ASTM D5299 

Soil Sampling from the Vadose Zone 
Standard Guide for Decommissioning of Groundwater Wells, Vadose Zone 
Monitoring Devices, Boreholes, and Other Devices for Environmental Activities 

i 

IbSTM D4696 1 Standard Guide for Pore-Liquid Sampling from the Vadose Zone 

9 

10 

12 

13 

14 

e 17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 



A -  - 
... 1 1 8  
FEW-OUO2-4 DRAFT 

July 31, 1995 

A.4.4 Results of Geotechnical Testing 

Geotechnical analyses utilized in this study are comprised of Atterberg Limits, particle size measurements, 

water content measurements, and permeability tests. These data were graphically analyzed to reveal 

possible relationships between depth, grain size distribution and permeability. Unit weights and measured 

water content for soils were used to define percent saturation, which was compared to water levels. 

Grain size analyses are provided in Appendix D and are summarized in Table A-17. Soil samples were 

poorly-sorted mixtures of clay and silt with variable percentages of sand and gravel. Silt and clay 

percentages are displayed on cross sections (Figures A-14 and A-15; Figure A-9 shows the traverses for 

these sections) to demonstrate the lateral and vertical distribution of the clay and silt. Graphs of percent 

’clay plus silt’ and ’sand plus gravel,’ with depth are provided in Figures A-16 and A-17, These graphs 

indicate that the upper portion of the brown till (0-10 feet deep) contained significantly less sand and 

gravel than the gray (Table A-17). The average grain size distribution for samples collected from 10 to 

30 feet below ground level is almost constant. Samples below 30 feet show an increase in sand and 

gravel (Figure A-17). This analysis is consistent with the lithologic soil descriptions which shows that 

the lithology grades from lean clays near the surface to sandy lean clays with depth. 

Water content as a percentage versus the percent of dry weight was calculated for undisturbed soil 

samples and was plotted versus depth, as shown in Figure A-18. Pore space was calculated and plotted 

as shown in Figure A-19. The two graphs correlate and indicate that there is significantly more pore 

space and less water in the soils between 0 and 5 feet below the surface. This factor may be related to 

the vertical permeability, shown as a plot in Figure A-20. Hydraulic conductivity results range from 1 

x 10” c d s e c  to 1 x cm/sec 

to 7 x lo9 cm/sec below five feet deep. This suggests that the permeability of the gray clay, which is 

lower in the deeper samples, is related to decreasing pore space in the clay. 

cm/sec in samples from above five feet deep but ranged from 1 x 

In addition to geotechnical samples, soil samples were collected for total and isotopic uranium analysis 

from seven of the geotechnical borings, one from the brown clay and one from the gray clay from each 

boring, for a total of 14 samples. These data assisted in defining the vertical and horizontal distribution 

of uranium in the soil of the study area. Total uranium concentrations were from 1.7 mgkg to 3.4 

mg/kg (Table A-18), which is consistent with the established background of 3.4 mgkg (for reference, 

the established F E W  95” percentile background level for total uranium is 3.4 mg/kg.) 
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A S  GROUNDWATER ELEVATION AND PRECIPITATION MEASUREMENTS 

AS.  1 Objectives 

Groundwater levels in monitoring wells and daily precipitation measurements were collected to determine 

hydraulic gradients in the till and to provided input data for inverse modeling. 

A.5.2 Procedures and Field Activities 

An inverse model was proposed that used measured rainfall data and the corresponding response in 

selected wells to estimate the hydraulic conductivity of the till. This is called inverse modeling because 

traditional modeling uses measured values of hydraulic conductivity to predict water level changes. (See 

Section 3.0 and Appendix I for a detailed description of the inverse modeling.) 

. .  

To complete the proposed inverse modeling, groundwater elevation data was required from numerous 

wells within the study area for a relatively long period of time. The following wells that were considered 

to have potentially rapid responses to precipitation recharge were monitored with transducers and data 

loggers: 1110, 1112, 1151, 1278, 11230, 1152, 1293, 1274, and 1418. Data loggers collected water 

levels every hour for a two-month period. Other wells were manually monitored on a regular basis. One 

manual measurement per week was made, with an additional measurement made one day after rainfall 

events which exceeded 0.5 inches. These wells include the following: 1274, 1144, 1733, 1843, 1866, 

1905, 11067, 1064, 1152, 1160, 1149, 1167, 1124, 1887, 1301,1293, 1340, 1299, 1276, 11074, 11075, 

11491, 11492, 11493, 11494, 11495, 11496, 11497, 11498, 11499, 11500, 11501, 11546, 11547, and 

11548. (See Figure A-21). 

Groundwater level measurements from wells for each round were ,collected within a 24-hour period of 

consistent weather conditions to minimize atmospheric and precipitation effects on groundwater levels. 

Water level measurements were collected in accordance with the SCQ., All measurements were recorded 

to the nearest 0.01 feet. All wells were surveyed and their coordinates added to the SED. The water 

level measurements and precipitation measurements were combined to develop hydrographs for all of the 

wells. These hydrographs are shown in Appendix C. 

A.5.3 Results 

The water level measurements for the new wells (shown on Tables A-19 and A-20) demonstrate high 

vertical hydraulic gradients between adjacent wells (nests) screened at different intervals. The deep wells 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

33 

~R\CRU2VREDESIGN\TDO\APP-TXNuly25, 1995 1 : 2 4 p  A-55 

0008G3 



t 
i . "  

1 1 8  

- NORTH 

1382460.483200 

A 

FEMP-OU02-4 DRAFT 
July 31, 1995 

1382460.477560 

A' 

620.00 

600.00 

ns.L. 

580.00 

560.00 

540.00 

11479 

I \ 1392S11T 4 1 X C I q  
1412 Sllt 9 2  C l o y  

BROWN TILL 

1 3 7 % S l l t  3 5 1 C I q  

33% S I I t  19% C l q  

I 
I 
130% S i l t  11% C 1 q  
I i I 

1 3 6 %  S I I T  31% C l q  

I I 1 4 %  S i l t  8% C l o y  
136% S l l t  34% C l a y  I 

GRAY TILL 

392 511t  26% C l a y  i 3 5 ~  SII+ t 9 ~  c m  i I 
136% S I I t  2% C l q  

I 
I 
1 \ 

GREAT MIAMI AQUIFER 

(unsa tu ra t ed )  

LEGEND 

I SAMPLE INTERVAL 

. .  I GEOTECHNICAL BORING 

620.00 

600.00 

580.00 

560.00 

540.00 

NOTE : 

COORDINATES ARE STATE PLANAR NAD 1927 

FERNALD ENVIRONMENTAL I LITHOLOGICAL CROSS-SECTION 

I CORPORATION I Femald 
EmmonmmtalManagement Pro@ I USDEPARTMENT OF ENERGY DATE .. 05/03/95 --- FIGURE A-14 

FILE NAME: /usr/ermo5/2ccsl/dgn/sec/geo/dpth/ traverse-o.dgn 4 A-56 



118 

560.0'+** 

- GREAT MIAMI AQUIFER 

FEMP-OUO24 DRAFT 
July 31, 1995 

- NORTH 

1382760.477560 

B' 

M.S.L. 

11475 

600.00 

I BROWN TILL I..% S i l t  4 3 % C I O ) .  

I 
138% S i l t  3 4 1  Cloy 

.37% S i l t  31% Cloy 
580.00- 

I 
1 3 5 %  S i l t  28% c l o y  

GRAY TILL 115% silt 31% ciw 
zT1 S i l t  211 c 1 4  I 

i I 
126% SlIt ( 9 2  C I  

(unsaturated) 

I SAMPLE INTERVAL 

1 
. . - - - . - - .. 

GEOTECHN I CAL BOR I NG - 

0 200' 400' . 800' 
HORQONTAL 

SCALE: 2 
10' 20' 40' VERTICPL 0 

620.00 

600.00 

580.00 

560.00 

540.00 

NOTE : 

COORDINATES ARE STATE PLANAR NAD 1927 

FERNALD ENVIRONMENTAL I RESTORATION MANAGEMENT I .LITHOLOGICAL CROSS-SECTION 

I CORPORATION I Femald 
tinmonmentaManaMaMgementRoj 

DATE D5IOJ195 FIGURE A-15 
WlWN DEG 

US. DEPARTMENT OF ENERGY 

. ., 

FILE NAME: /usr/ermo5/2ccsl/dgn/sec/geo/dpth/traverse~b.dgn 
A-57 



FEMP-OU02-4 DRAFT 
July 31, 1995 

0 



FEW-OUO2-4 DRAFT 
July 31, 1995 

A-59 

. .. . 

+ 

. .. 



i 1 1 8  
FXMP-OU02-4 DRAFT 

July 31, 1995 

0 
t 

0 
0 



FEMP-OU024 DRAFT 
July 31, 1995 

0 
CD 

A-6 1 

0 0 
w 



' 483000 

RESTORATION MANAGEMENT 
CORPORATION 

Fenrald 

482000 

MONlORlNG WELLS SPANNING 
THE B IG INTE 

481000 

+ 

Em-OU02-4  DRAFT 
July 31, 1995 

t- 
W W 

480000 479000 478000 477000 

f 

W 
t 

fi 
v) 

a 

v) 
W 
t a z n 
lx 
0 
0 u 
W 

I FERNALD ENVIRONMENTAL I 

EnvircnmentaJManagementRoject 

US. DEPARTMENT OF ENERGY 'DATE 3-20-95 FIGURE A-21 
DRAWN R . U L I A 6  

FILE NAME: /2ccsl/dan/mo~/hor/dpth/ph20028.dan L A-63 



FEW-OUO2-4 DRAFT 
July 31, 1995 



... 
. ,. 
' .  < 

FEMP-OUO24 DRAFT 
July 31, 1995 

A-65 



+s-? ' 

ct ' 1  1 8  
FEiMP-OU02-4 DRAFT 

July 31, 1995 

A-66 



FEMP-OUO24 DRAFT 
July31, 1995 

A-67 



- . w  

1 1 8  
FEMP-OU02-4 DRAFT 

July 31, 1995 

A-68 



FEW-OU02-4 DRAFT 
July 31, 1995 

W 
Z G  .'= m u  
;E 

* 
en c .- 
8 
PI 

B s 
W 

00 
W s " 

W 

W 0 
W 

a! 

i? s 
3 

P s 
3 

I 

N 
d 

0 
09 

- 
3 

z 
9 
0 

- 
I 

m 
d 

0 
a! 

- 
I 

00 
a! 
3 

- 

v! 

9 
b 
I 

W 

2 

W 
b s 
3 

A-69 



.+ 

Depth to Perched Water 
(feet below surface) 

Elevation of Perched Water 
(feet above browdgray 

interface) 

5.77 7 

5.00 6 

7.41 4 

8.54 5 

7.60 9 

5.78 9 

1 1 8  

Comment 

stabilized water level 

stabilized water level 

declining trend 

slow recovery trend 

slow recovery trend 

slow recovery trend 
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Well No. 

11494 

11496 

11546 

11547 

11548 

TABLE A-19 

SUMMARY OF WATER LEVEL DATA, 
BROWN/GRAY TILL INTERFACE WELLS 

MARCH 29,1995 
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Well No. 

11492 

11491 

11494 

TABLE A-20 

~ ~ 

Center of 
Ground B r o d G r a y  Screened Calculated 

Elevation Screened Clay Interval Gradient 
(ft) Interval Interface Depth Water Levela (vertical 

M.S.L.b (ft) B.G.L.' (ft) B.G.L. (ft) M.S.L. (ft) M.S.L. downward) 

610.53 15.0 - 22.0 8.5 592.03 596.01 

611.13 25.0 - 29.5 12.5 583.88 593.93 0.26 

603.51 8.0 - 16.5 10.5 591.26 599.63 

SUMMARY OF WATER LEVEL DATA FROM PAIRED WELLS 
COMPLE'IXD IN THE TILL 

11493 

11496 

11497 

11499 

11498 

11500 

603.38 18.0 - 24.5 13.5 582.13 589.61 

602.65 9.0 - 17.0 9.5 589.65 600.12 

602.34 28.0 - 32.0 9.0 572.34 578.56 

594.68 15.0 - 22.0 9.0 576.18 590.58 

594.60 27.0 - 33.0 7.0 564.6 570.08 

598.93 19.0 - 25.5 12.0 576.68 594.29 

11501 

11502 

11503 

1 1504 

11505 

598.97 33.0 - 37.0 10.5 563.97 588.6 

593.79 18.0 - 22.0 13.5 573.79 588.37 

593.47 24.0 - 28.0 12.0 567.47 572.99 

590.02 14.0 - 18.0 14.8d 574.02 586.06 

590.08 23.0 - 27.0 9.8 565.08 575.93 

aWater levels measured March 20, 1995 

bM.S.L. = Mean Sea Level 

'B.G.L. = Below Ground Level 

dBrown/gray contact not clearly defined in Rotasonic core sample. 

. 

1.10 
~~ 

1.25 

1.77 

0.45 

2.43 

1.13 

FER\CRUZ\PREDESIGN\TW\TABA-ZOUuly25, 1995 1 :5@m A-7 1 

Q93G0178 



FEMP-OU02-4 DFtAFT 
July 31, 1995 

show consistently lower water level elevations than the shallow wells indicating that a vertical hydraulic 

gradient exists. Also, the data demonstrate that the uppermost perched groundwater surface appears to 

be approximately halfway between the browdgray till interface and the surface. Water levels were 

continuing to recover from chemical sampling in three wells so an exact gradient and direction of 

potential movement for the upper perched zone water table could not be finalized. The data are consistent 

with the concept that, in general, the uppermost perched groundwater surface often conforms to the 

general topography of the land surface. The results show that the perched groundwater has a potential 

for movement southwest at a gradient ranging from about 0.011 to 0.025. 

The water level data are consistent with geotechnical tests (ASTMD D2216) that measured 100% 

volumetric soil saturation on samples collected from five feet or deeper. Soil samples from zero to five 

feet deep had water contents that ranged from 93% to 100% saturation. Water content versus depth is 

presented in Figure 2-18. 

Six new wells were installed at the brown-gray interface. Hydrographs for these wells are provided in 

Appendix C. Table 2-17 summarizes data concerning these water levels. Seven well pairs were installed 

to measure vertical hydraulic gradients in the till. Hydrographs of these wells are provided in Appendix 

C, and a summary of vertical gradients is provided in Table 2-18. Water level and precipitation data 

are in Appendix B. Vertical gradients were calculated to range from 0.26 to 2.43 (Table 2-18). 

A.6 

The K,, study was performed to determine how natural species of uranium in groundwater and soil 

partition between phases. This information is important in the analysis and evaluation of potential 

contaminant transport through the geology. Uranium was the focus of this study because it is the 

principal contaminant at the FEMP that has the potential to impact groundwater within the 1,000 year 

design life of the on-site disposal facility. 

URANIUM DISTRIBUTION COEFFICIENT TESTING K,J 

To obtain the most representative results, natural materials were used. This includes natural soils from 

the area of investigation, natural groundwater contaminated with uranium, and natural groundwater 

without contamination. 
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A.6.1 Procedures and ComDleted Activities 

Seven of the eighteen monitoring well borings were used to collect soil samples for I(d analyses. Two 

samples were collected from each of the seven borings, one from the brown till and one from the gray 

till. Two gray till samples were selected for the calibration tests, one from Boring 11491 and one from 

11493. Eleven samples were split from these two locations. Fourteen standard adsorptioddesorption 

batch tests and eleven calibration batch tests were performed according to ASTM D4319. Contaminated 

groundwater was collected from the former Production Area and the Waste Pit Area; uncontaminated 

perched groundwater, was collected from the Predesign Investigation study ,area. These groundwater 

samples were used as the solute in the batch testing. Contaminated and uncontaminated perched 

groundwater samples were verified by off-site total and isotopic uranium analysis. Table A-21 lists the 

soil and groundwater sampling that was performed for the batch testing. 

The standard adsorption batch tests consisted of placing 400 grams of soil in a reactor with 3500 

milliliters of contaminated groundwater. The reactor was agitated over a two week period and the solute 

was sampled at regular intervals to determine when the uranium had reached equilibrium in solution. 

Once the reaction was at equilibrium, the solution b d  soil were sampled to determine equilibrium 

concentrations. The equilibrium concentrations were then used to calculate the amount of contaminant 

that passed from solution into the soil. This amount, presented as a ratio of soil concentration to solution 

concentration, is the K,. The standard desorption test was performed in the same manner, except that 

the soil from the adsorption test was combined with clean perched groundwater to measure how much 

con taminant comes out of the soil and returns to solution. This value represents the reversible nature of 

the &. Table A-22 summarizes the Kd tests that were performed. 

A number of factors affect the K,, in natural conditions: groundwater-to-soil ratio, the sorption isotherm, 

pH, dissolved oxygen, temperature, permeability of the soil, and others. During the test, pH and 

temperature were assumed to remain constant near the in situ levels. 

The in-situ soil-to-groundwater ratio is no greater than the inverse of the porosity of the soil, which is 

the ratio of the volume of soil voids to the volume of soil. This ratio is typically between 1.7 and 5. 

The ratio of soil to groundwater in the standard JS,, method used at the FEMP is 0.114. In order to 

determine the impact of the soil-to-groundwater ratio on & levels, calibration tests were run. These 

calibration tests consisted of soil samples split from a gray till soil sample collected from Boring 11493. 

These calibration tests included soil-to-groundwater ratios of 0.228, 0.456, and 0.912. The tests were 
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TABLE A-21 
Kd Soil Sampling Performed 

7 brown clay soil samples were collected from the rotasonic cores in a lithology representative of 
the brown clay. The samples were at least 2000 grams in weight. 

7 grey clay soil samples were collected from the rotasonic cores in a lithology representative of 
the grey clay. The samples were at least 2000 grams in weight. 

1 grey clay (split sample) soil sample was collected from rotasonic core B11491 The sample was 
at least 2000 grams in weight. This split sample from the grey till was used to perform three 
calibration tests. 

1 grey clay (split sample) soil sample was collected from rotasonic core B11493 The sample was 
at least 2000 grams in weight. This split sample from the grey till was used to perform three 
calibration tests. 

1 Clean groundwater sample was collected from monitoring well 1064, approximately 25 gallons. 

1 Contaminated groundwater sample was collected from monitoring well 1085, approximately 15 
gal Ions. 

1 Contaminated groundwater sample was collected from monitoring well 1082, approximately 15 
gal Ions. 

A-74 
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TABLE A-22 
I(d TESTS PERFORMED 

~ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

7 brown clay adsorptioddesorption tests - Standard methods, 100% contaminated water during 
adsorption test. 

~ ~ ~~ ~~ ~~ 

7 grey clay adsorptioddesorption tests - Standard methods, 100% contaminated water during 
adsorption test. 

4 grey clay (split sample) adsorptioddesorption tests - Standard methods, one 75 % contaminated 
water, one 50% contaminated water, one 25%, and one 0% contaminated water during adsorption 
test. 

3 grey clay (split sample) adsorption tests - standard methods except that only 1750, 875, and 438 
ml of 100% contaminated groundwater were used. 

2 grey clay (split sample) adsorption tests - standard methods except that no agitation of the 
sample will be performed. Disruption of the soil were kept to a minimum. 

2 grey clay (split sample) adsorption tests - standard methods except that only the reactors were 
sealed and remain unopened until the end of the test. 100% contaminated groundwater were 
used. No sampling will be conducted during study. Tests should be performed in parallel with 
standard grey adsorption tests that correspond with the split sample locations to determine 
equilibrium conditions. 

FER\CRUZVREDESIGN\TWV\PP-~XNUIY~~. 1995 1:38pm A-75 

000882:' 



c 118 
FEMP-OU02-4 DRAFT 

July 31, 1995 

conducted exactly as the normal test. The desorption test was run for the soil samples with the same 

clean soil-to-groundwater ratio. The results of the calibration test were then compared to the standard 

test to see what impact the soil-to-groundwater ratio had on the I& determinations. 

The sorption isotherm describes the transfer of an analyte from liquid to soil under different 

concentrations in solution. The amount of product adsorbing from solution to soil will vary depending 

on the amount of product available in solution. The relationship is generally assumed to be linear, 

although many studies have indicated a non-linear relationship. The sorption isotherm can be determined 

by conducting a series of tests with different concentrations of product in solution. The results of the 

tests can be plotted on an equilibrium concentration graph. Each final solute concentration is plotted 

against the amount of solute sorbed onto soil per unit weight of solid, and all the tests are plotted on one 

graph. The resulting curve represents the sorption isotherm. Equations are available to determine the 

K, under linear and non-linear sorption isotherms. Once the sorption isotherm is determined, more exact 

equations can be used to determine I(,. 

In order to determine the sorption isotherm, five tests were run with different initial s,olute concentrations. 

The initial concentrations were varied by diluting contaminated groundwater with clean groundwater to 

achieve the desired initial concentration. The tests were conducted using the standard procedure and the 

results were plotted to determine the sorption isotherm relationship. The five sorption isotherm tests 

included the standard sorption test from gray till sample B11491, and four duplicate tests split from gray 

soil sample B11493. 

The permeability of the soil was tested by keeping two calibration samples as undisturbed as possible. 

Standard K,, practices require the soil samples to be dried, crushed, sifted, and agitated during the test. 

In an effort to determine the impact that these practices have on K,, values, two duplicate tests were run 

in which the soil was not disturbed or agitated but allowed to sit in contact with groundwater as in natural 

conditions. The two duplicate samples were split from gray till soil samples B11491 and B 11493. The 

test was performed identically to the standard method except for the agitation of the sample. The results 

of this duplicate test were compared to the agitation method to bracket the conservatism inherent in the 

standard procedure. 

The dissolved,oxygen factor is difficult to duplicate because dissolved oxygen is limited at depth in the 

soil. In order to reproduce the in situ dissolved oxygen conditions, the I<d study would have to be 
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performed in a closed reactor with as little dissolved oxygen as possible. This condition is difficult to 

achieve because of the sampling required during the test. One alternative to this is to run calibration tests 

alongside the n o d  & tests. The calibration tests were set up in the same manner as the normal test, 

but the reactor was sealed until the completion of the test. The two calibration samples were split from 

two of the seven gray till samples (B11491 and B11493). Equilibrium was determined using the standard 

test runs for B11491 A d  B11493. A sample was collected at the end of the test when the duplicate 

samples achieved equilibrium. The results of the calibration test were compared to the normal test results 

to determine the affect of dissolved oxygen on the K,, study. 

A.6.2 Results 

The results of the K,, study are listed in Table A-23. This table indicates the initial and equilibrium soil 

and solute concentrations and the resulting K,, values. The resulting K,, values are represented in two 

ways, the linear K,, and the non-linear Kd. The difference between these two K,, values is related to the 

calibration batch tests results. When a population of Kd values is available, the geometric mean is the 

standard calculation for determining a representative value for the population. The geometric mean is 

listed in Table 2-21. The lowest linear I(d measured for the brown till was 8.5 L/kg, and the highest 

linear I(d measured for the brown till was 18.8 L/kg. The geometric mean of brown till linear I& values 

is 12.4 L/kg. The lowest linear I& measured for the gray till was 8.0 L/kg, and the highest linear I(d 
measured for the gray till was 27.1 L/kg. The geometric mean of gray till linear & values is 10.8 L/kg. 

A.6.3 Calibration of the K Tests 

A series of calibration tests were run on two selected gray till samples in parallel to the fourteen standard 

batch tests. These calibration tests were designed to assess the impact of a number of variables on K,, 
measurements. The calibration tests were directed toward determining the impact of the soil to water 

ratio, dissolved oxygen, agitation, and the nature of the sorption isotherm. 

The calibration tests determined that K,, increases as the soil to water mass ratio increases. This is 

significant because the soil to water mass ratio used in the test was 0.1143, whereas the &-situ soil to 

water mass ratio is closer to 1.5. As a result, the actual in-situ K,, would be higher than measured values 

in the batch test. The calibration tests determined that dissolved oxygen did not have a significant effect 

on the K,,. In one instance the & decreased when the reactor was sealed, but in a second case the K,, 
increased when the reactor remained. sealed. The calibration tests determined that the effects of agitation 

on the K,, test resulted in a higher Kd. When the test reactor was tumbled, the resulting Kd was higher 
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than when the reactor was left idle, even though both reactors achieved equilibrium. This indicates that 

in-situ I(d values could be less than those determined through batch testing because no agitation of soil 

occurs in nature. However, contact times in nature between uranium and soil could increase the natural 

I(d because dissipation of uranium throughout the soil over time will have an effect similar to agitation. 

The first three calibration studies indicated that h e  batch test method is sensitive to a number of factors, 

but those factors appear to cancel each other out. Dissolved oxygen did not have a significant impact on 

I& determinations. The soil-to-water mass ratio had the effect of decreasing the K,, in the test reactor, 

which underestimates the in-situ K,,. The effects of agitation, however, caused the K,, to increase in the 

test reactor, thus overestimating the in-situ I&. The cumulative impact on K,, values seems to be minimal 

since the effects of the soil to water ratio and agitation cancel each other out. 

Based on the calibration test results, the sorption isotherm which governs cheniical effects in gray till 

related to K,, values is linear. By plotting the mass of the solute sorbed to the soil versus the equilibrium 

solute concentrations in Figure A-22, the data fit a linear sorption isotherm. This is significant because 

it indicates that the K, function is linear. 
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[148] From: Greg Lupton at FEHN-01-A 3/16/95 2:36PM (1027 bytes: 35 In) 
To: Patrick Riley at FEAS-01-ASI-A 

--Subject: -Re[2J :-Water -level- measurements-- - -- - -- - - - -- - - - - - - - - 

Please provide the water levels before.and after sampling for 
the wells that were sampled for tritium on 3/10/95 (11493, 
11497, 11498, 11546, 11547, and 11548). 

We need them to measure the rate of recovery for each well. 

Pat 

Pat 

Well Water level 

11493 16.22 
11497 26.01 
11498 27.01 
11546 10.11 
11547 8.59 
11548 7.18 

Greg 

Greg 

Could you send me the 
for them. 

Pat 

Pat 

Time 

1035 
1053 
1105 
1120 
1135 
1150 

Times are listed above. 

Greg 

times also, sorry I didn't think to ask 
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From: Ed Ray and James Selasky 
738 - 8994 
MS---65 - 3 . - 

Weekly Weather (FEMP): 

Notes: * - Values are preliminary and snow amounts are estimates. 
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From: Ed Ray and James Selasky 
738-8994 
MS - 65-3 

: 1 1 8  

Notes: * - Values are preliminary and snow amounts are estimates. 
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From: Ed Rsy and James Selasky 
738 - 8994 
MS - 65-3 

. - - - ._ __ _ _  

Weekly Weather (FEMP): 

Date I *High I *LOW I *Precip I *Snow 1 Remarks I 

Notes: * - Values are preliminary and snow amounts are estimates. 
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From: Ed Ray and James Selasky 
738 - 8994 

' MS - 65-3 

1 1 8  

Weekly Weather (FEMP): 
__ .- - -- I Date i *High 1 *Low *Precip 1 .  *Snow I Remarks 

-Monday __ ! 02/20/95 1 551 __ 

Wednesday ._ ... 02/22/95 i 57 j 25! 0.00 1 0.0 
'Tuesday . . .  1 0 2 / 2 1 / 9 5 7  39 1 - 26 i 

- . -_____ ..  -. .............. .. 
Thursdav I 02/23/95 ' 56i 38'  0.04 I 0.0 

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

-Tt--. T 
:Saturday I 02/25/95 54'  201 0.00 I 0.0 

.-.1 .;- :. 

:Frida~- j 02/24/95 .... ! 38 I ~ 23: -- 

. . . . .  __ -I_-.--.1-_.__ i 
--- . 

-~ __ 

Notes: * - Values are preliminary and snow amounts are estimates. 

. . . . .  
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Weekly Weather (FEMP): 

( in ) 
0.00 
0.00 
0.00 
0.75 

. . . -. - . 

~ Date 
1 ( in ) 

0.0 
0.0 
0.0 

T Fog 

---___ 
Sundav I 02/12/95 

. -. . 

*High- 
(iii F) 

13 
29 
33 

. 45 

- .  _ _  
*Low 
(iii F) 

-8 
1 

15 
28 

18 
-. Saturday . 1 02/18/95 -:- - 5 4 i -  18 

. Thursday. - .. . 02/16/95 ... , . 43.. 37.  ~ 24 

. _ _  . Friday .. __  .. .. 02/17/95 I 

Notes: * - Values are preliminary and snow amounts are estimates. 
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From: Ed Ray and James Selasky 
738 - 8994 
MS - 65-3 

1 1 8  

Weekly Weather (FEMP): 
-~ - 

i Date I *High 1 *Low I *Precip 1 *Snow I Rem arks 
I 1 ( i i i  F)/  ( i i i  F ) /  ( in ) I ( in ) ~ - . - . ._ . . . 

T 
--. .. 

;Sunday -!02/05/95 --__ 19! -1 ~ T I  
: Monday : 02/06/95 j 19 i -9 I 0.00 

0.00 I : Wednesday - r02/08/95 i 17 L--. I .--L- l !  .. . 

:Thursday 1 02/09/95 3 5 !  l i  0.00, 

__ - __ . . . . . __ .. . 

Tuesday 02/07/95 0.03 1 0.5 Fog . .. j 21 - 1 1  1 

7 i  391 

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

&--.-.-. - 

j Fridav i 02/10/95 i 3; 

Notes: * - Values are preliminary and snow amounts are estimates. 
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,:fi 1, F 

From: Ed RaTand Jam& Selasky 

Weekly Weather (FEMP): 

Date 

Sunday 01 129195 
Monday 01 130195 
Tu e sday 01 131195 
Wednesday 02/01 195 
Thursday 02/02/95 
Friday . 02/03/95 
Saturday 02/04/95 

*High *Low 
(iii F) (iii F) 

30 19 
29 8 
35 5 
46 31 
38 32 
33 19 
29 20 

*Precip 
( in ) 

0.00 
0.00 
0.00 

T 
0.00 
0.44 

' T  

*Snow 
( in 1 

0.0 
0.0 
0.0 

T 
0.0 
5.5 

T 

Notes: * - Values are preliminary and snow amounts are estimates. 
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From: Ed Ray and James Selasky 
738 - 8994 
MS - 65-3 

._.____- j ( i i i  F) j ( i i i  F)i ( in ) 1 ( in ) 

Tuesday : 01/24/95 j 26;  . 7 :  0.00 0.0 

Sunday ; 01/22/95 1 29 1 221 0.05 
Monday : 01/23/95 j 241 181 0.1 1 

Wednesday . 01/25/95 . 31 : 1 ............ i .-r 0.001 0.0 
33 j 5 '  0.00 j 0.0 

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

. .  .. , _ - ~  v __-__ 
Oi /.26/95~ .. 

1 1 8  

- ... - .- . 
snow amount is unavailable 
snow amount is unavailable 

Fog 
Fog 

Notes: * - Values are preliminary and snow amounts are estimates. 

B- 135 



+.% p (3  .p. ,e 
From: Ed Ray and James Selasky 

738 - 8994 
...... MS - . - 6 5 - 3  _ _  - 

Weekly Weather (FEMP): 

1 (I:: F) ,  ( i i i  F)I 
j *High i *Low j *Precip 1 

in ) I *snow ( in I i Date 

Wednesday ... I 01 - 11 . 8/95 . 

Thursday .............. I 01/19/95 

Saturday ........ .. 01 121 . - /95 .- . 

_.__ .... 
01 .- 120195 Friday ....... . . .  . _- 

I 3 -  

I I -- 
I 

-i-- 
-:- - 

- ........ 

...... 

r .  . .~ 

491 361 

_--- 
47j 37:  

36 j 
35. 28. 
28 .  23 '  

. 57-1 
-1- .- .. 

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

. . . . . .  - -. ... 

. . . . .  _- . ... 

Remarks 

0.12 I 0.0 
T I  T 

I 

0.00 1 0.0 I 

0.35 Snow amount is unavailable 
snow amount is unavailable _._______- ____ 0.04 

Notes: * - Values are preliminary and snow amounts are estimates. 

i 

! 

2 
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From: Ed Ray and James Selasky 
738-8994 
MS - 65-3 

Notes: * - Values are preliminary and snow amounts are estimates. 
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b'* . I 2 

From: Ed Ray and James Selasky 
738-8994 

. -  M S--- 65 - 3 - - - _ _ _  

We e k I y We at h e r ( F E M P) : 

Notes: * - Values are preliminary and snow amounts are estimates. 

.. . 
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From: Ed Ray and James Selasky 
738-8994 
MS - 65-3 

Weekly Weather (FEMP): 

Notes: * - Values are preliminary and snow amounts are estimates. 
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From: Ed Ray and James Selasky 
738-8994 
MS - 65-3 - _ _  _~ 

Weekly Weather (FEMP): 

Notes: * - Values are preliminary and snow amounts are estimates. 



To: Phil Ruwe 
738 - 8403 
MS: 51 -2 

I Sunday 
/ Monday 
Tuesday 
Wednesday 
Thursdav 

From: Ed Ray and James Selasky 
738-8994 ' 

MS - 65-3 

( i i i  F) ( i i i  F) ( in ) ( in ) 
1211 1/94 31 25 T T 
1211 2/94 35 26 0.00 0.0 
1211 3/94 40 20 0.00 0.0 am Fog 
1211 4/94 41 . 26 0.00 0.0 
12/15/94 43 27 0.00 0.0 

- 
1 1 8  

Friday j 12/16/94 
Saturday , I 12/17/94 

Weekly Weather (FEMP): 

Date 1 *High I *Low I *Precip I *Snow I Remarks 

49 37 0.73 0.0 
49 41 0.00 0.0 

Notes: * - Values are preliminary and snow amounts are estimates. 

. .  



3 < 
To: Phil'Fdwe'! From: Ed Ray and James Selasky 

738 - 8403 738-8994 
MS: 51 -2 

- _ _ _ _  ._ - _ _  - ._ _ _  _ _  __ _ - __ - .._ 
MS - 65-3 

Notes: * - Values are preliminary and snow amounts are estimates. 



To: Phil Ruwe 
738 - 8403 
MS: 51 -2 

From: Ed Ray and James Selasky 
738-8994 
MS - 65-3 

Weekly Weather (FEMP): 

m Fog/Heavy Frost 

Notes: * - Values are preliminary and snow amounts are estimates. 
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To: Phil Ruwe From: 
738 - 8403 

- - MS: - 51 -2 . _ _  

Weekly Weather (FEMP): 

Notes: * - Values are preliminary and snow amounts are estimates. 

. 



To: Phil Ruwe 
738 - 8403 
MS: 51 -2 

Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 

From: Ed Ray and James Selasky 
738-8994 
MS - 65-3 

1 1/08/94 
1 1/09/94 
1 111 0194 
1111 1/94 
11/12/94 

65 44 0.89 0.0 
54 42 0.14 0.0 
56 37 0.00 0.0 
65 32 0.00 0.0 

*High I *Low I *Precip 1 *Snow I Remarks 

J 

~~ 

0.OIam Foa 
681 361 0.00 I 0.0 I 

Notes: * - Values are preliminary and snow amounts are estimates. 
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To: Phil Ruwe From: 
738 - 8403 
MS: 51 -2 . _ _  - - -. . . - - 

Ed Ray and James Selasky 
738-8994 
MS - 65-3 _ _  _ _  - .-. . -. - - . - . - . - - 

Weekly Weather (FEMP): [Corrected Copy 1 
Date I *High I *Low I *Precip I *Snow I Remarks 

Notes: * - Values are preliminary and snow amounts are estimates. 

QQ0233 
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To: Phil Ruwe 
738- 8403 
MS: 51 -2 

From: Ed Ray and James Selasky 
738 -8994 
MS - 65-3 

1 1.8' 

Notes: * - Values are preliminary and snow amounts are estimates. 
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- .  -~ . __ _ _  Precipitation- Report- foE-0ctober 1-994 - -  

DAY AMOUNT 

10-08 0.05' 
10-09 0 . 2 9 -" 
10-13 0 -19:' 
10-14 0.02 
10-18 0.09 
10-19 0.. 13 
10-22 0.01 
10-24 0.03 
10-31 0.31 

r ' 1 .  r- 

We apologize for the delay. We have upgraded our data collection 
system during October, and we are reformatting our final reports. 
When we have the final reports we will mail them to you. 

Thanks, 

James A. Selasky and Ed Ray 

000235 B-148 



To: Phil Ruwe 
738 - 8403 
MS: 51 -2 

From: Ed Ray and James Selasky 
738 -8994 
MS: 65-3 

. -  
1 1 8  

ata unavailable due to software upgrade 
ata unavailable due to software upgrade 

Notes: * - Values are preliminary and snow amounts are estimates. 
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DEsccIIPllON 
(Cobra identMed per Mursdl Cob Chart) 

/53s 

62 7 

/?P- @ <PA- 

I INSTRUMENT . I BACKGROUND I DATE I T l Y E .  I NOTES: .<e - e 

G:IWPSCIOC77B.DRW (11-23-94) 



I 3 YGJ 

1 

I 

BACKGROUND DATE TlME . 

REMARKS 



DESCRIPTION 
(Cobn identtfied per Mmbdl Cobr Char!) REMARKS 

q / t -/u-9f I 

4 /boo 

0 ,  BACKGROUND' I DATE I TIME ' 1 1  S e e  NOTES: 
I s .  I 
d 

d 
INSTRUMENT. k- 
k BETA I GAMMA 

G: I WPSC I QC776.DW (1 1-23-94) 





I I 

rJo Recovery 

REhMRKS 

INSTRUYENT BACKGROUND 
4-  I 



I SURFACE ELEVAnOH. I OROUNDWAE 

DESCAIfJ'llCN 
(Cobn idonttfled par Mmsdl Cobr Charl) 

- 

6 

REMARKS 

I 

I 6%. I ram: 
5e e 

G: I WPSC I BC77B.DRw ( 1  1-=94) 



D E S c R I P r n  
(Cobn idmtlfled per Munsell Color Chart) REMARKS 

N o  Reccwery 

Ib Q-y 

1 INSTRUYENT. I BACKCRQUND I DATE I TIYE . I 
Pol. I 

NOTES: 

Q: I WPSC I9+776.DRW (1 1-23-94) 



. .  

DESCRIPTIm 
(Cobn idmtnled per Mrnsell Color Chart) R W R K S  

go Recouery 

j '2-/s-w 

0.5 . 0 

INSTRUMENT. 

BETA/ GAMMA 

BACKGROUND DATE 

I 
I 

J 

- - . - *  I _ -  

F-237 FSF-3681 



I DATE STARTED: 

I I L 

(-WATER USED DURlNa DRILLINO: I DRILLER I HELPER 



I BETAIGAMMA 

DESCRIPXN 
(Cobn idmulled per Muuell C o b  Chart) REMARKS 

. #AA../..-- --- O.IWPSC104776 DRW (11.2394)  
FSF-3681 F-239 000628 ., . 



I 

1 
INSTRUMENT 

PI0 

ALPHA I 

REkURKS 

. -" n 

FSF-3861 000623 
5, * "  . .  

* i%a ' U V / 9 9  

F-240 



1 1 8  
, y&ITHOLOGIC LOG 

INSTRUMENT BACKGROUND DATE TIME 

F-24 1 FSF-3681 

I v 



WATER USED DURN L.G 

I I -  

I I 

I '- ~ 

I B E T A / W Y A  1 

I 

! 
w 

B 



,i . 
-.. .. 1 -1 8 

INSTRUYDCT BACKGROUND 

000632 



. -  

OEscFUFnoN 
(Cobra idmtlfled per Muneell Cobrchart) 



c- 1 1 8  



I I-" 

. t 1 ' d m  

I 

F BETAIGAMMA 

N4 

VA 

I" 
I I 

I I 



Y o 2  70, 

I PID 

*E- 
I BETAIGAMYA 

c ~ y  z2.0- 22.5' 

.( 

BACKGROUND DATE 

OUOS; 







. C .  . '- 

I WPSC I W776.0 ' 9 q  11 -2394) 
F-250 



INSTRUMENT BICKGROUNO 



0EscFupTloN 

(Cobra identMed per M d l  C o b  Chart) REMARKS 



SUPLE 
TIME. 

(FEm 0 A T E . W  
DESCRIPrn  

(Cobn idwtlfled per Mrnsell Cobr Chad) 

- 
cc 

flEMARKS 



. .  

2 '  

ch/ 2A-3.0' 
lp 

REMARKS 





10,s 

/L. 

FS-F-3681 0:  I W P X  I04-776 DAW (I 1 - 2 3 9 4  





. %,_ 

I .L P c fa 
2a . 

LITHOLOGIC LOG 

/z -zz -99 

1 4 / 0 0  

I INSTRUYENT. 

I 
I ALPHA 

VA 3 

VA 

- 
VA 

REMARKS 

BACKGROUND 

4 a- 'MW/Pac 



e .  

3 1  

3 

3 

0 

REMARKS 



INSTRUYENT 

BETA I GAMMA 

CPrl 



1 1 8  

I I I I 

DRILLER I HELPER I 

i!uG%L 
2-22-9Y 

Id*- : 
CL >7- 

I 

NOTES: $L 2-7-95 INSTRUYENT . BACKGROUND DATE nm . 



DESCRIPTION 
(Cobn identifled per Muwell C o b  chart) REMARKS 

INSTRUNEHI. BACKGROUND DATE 

0: I WPSC I W77B.DW (1 1-=94) F-262 



REMARKS 

G:IWPSCI9L778.OUW (11-ZS94) 
F-263 0006q2- . . *  . 



I' I t ,  

8 
v*v S W F F  

C L  3.76 

REMARKS 

I 

I INSTRUMENT BACKGROUND 

F-264 FSF-381 0: I WPSC I oC176.DRW (1 1-23-94 

-. . 
. .  . ._  * :. .. , . 



I/y9 I I 
I DATE: I TIME: I DATE STARTED: 

5 
SURFACE ELEVATIOH 

2 . 2 5  

- 
2-7s 

F-265 FSF-3681 



I INSTRUMENT I BACKGROUND I DATE I TlYE . I 

I / 2 - Z Z -  9 v  
DRILLER I HELPER 

REMARKS 

. 'I, 



1 1 8  

'c' r f- 

PID 

BETA/ GAYMA - 
FSF-3E81 

% I  I 

&4 

I 

3 
I 

BACKGROUND DATE 

REMARKS 



INSTRUMENT 

PlD 

AL PWA 

-7 

I I 
I 



LITHOLOGIC LOG 

INSTRUMENT 

flD 

ALPHA 

D€SCRIPTK)N 

(Cobn identified per Muuell  C o b  Chart) 

3 

3 1  

3 

3 
I 

BACKGROUND I DATE . 

I u I 

*?S 

G: I WPSC I BL776.DUW (1 1-23-94) 
F-269 I , (. 

dci'Q6s8 



I 
I INSTRUUENT 

I 
I ALPHA 

I I I 
I DRILLING MUIPUENT: I DRILLER I HELPER 

I Z ' G -  
I I 

No Rtwvany 

VA 

I 



IAlLllW 

REMARKS 

I INSTRUMENT 



. .  

WATER USED DURl m-1 

I I 

I NOTES: ~ 2 - 7 - 1  
I 

I INSTRUUENT. I BACKOROW0 I DATE I TIYE . I 

V 1 
BETA I GAMYA 

FSF-3861 F-272 
, . f  . 



/2-21- 9 

MA 

I -1  

3 CC 

REMARKS 

I I 

INSTRUUENT . BACKGROUND DATE 

G. I WPSC I W 7 7 6  DUW (1 1-2s94) 

000662 * " '  
F-273 FSF-3861 



I 

INSTRUMENT BACKGROUND 

0: I WPSC I QC776.DRW (1 1-23-94) 00(3663.1..: - F-274 
FSF-3861 

. . .  . >  



REMARKS 

I I -  
3 

3 

3 

3 

3 

3 'L 

NOTES: J a  BACKGROUND I DATE I TIME . I 

P4.11 1 I 
I WPSC I OC178.0RW (1 1-23-94) OSOSS&'. . . 



. .. 
'. .. 

REMARKS 

-4 

FSF-38dl 0: I WPSC I Bc776.ORW (1 1-?394) 
F-276 



L .  

LITHOLOGIC LOG 

[== 
/2 -22- 

3 

I 
I I INSTRUMENT. I BACKGROUND I DATE I nME . I =A NOTES: 

.s 

-5 

- 
.s 

REMARKS 



I 

I BETAIGAMYA 

31 

v I 
SI 
z p~i0 8.0 

F-278 





* pJ-0 7.5 



R W R K S  



I DESCRIPT)ON 

(Cobn iderrttfled per M ~ l b d l  C o b  Chart) 

/y I 

L 

I INSTRUMENT. I BACKGROUND I DATE I TlME ' 1 1  

F S F - W l  F-282 G: I WPSC t9C776.DRw (1 1-2%94) 



u - ,  - 

INSTRUMENT 

E- 
I I / I 

1 B E T A I W M A  S&€ m6f / I '  I 1 
1- '+4v/9* 

F-283 FSF-3681 

REMARKS 

See PS- \ 



REMARKS 

F-284 



1 1 8  

MSCRIW 
(Cobn idmtlfled per Mmsdl C o b  Chart) 

' A 1 o l  Nq 

REMARKS 

G: I WPSC I QC776.ORW ( 1  1.2394) 

000614 . .  



D E S C R I P M  
(Cobn idmtttled per Mrnsdl Cobr Chart) REMARKS 

NR 

N R  

NOTES: 
fee 

I PID 

m- ‘417/9* 
F S f - m l  

. 
F-286 



I I I 

NOTES: 
See 



I 
REMARKS 

I 1 

! 

D 



REMARKS 

FSF-Wl 
F-289 



Y 

1 



t j /Y . .oo  

I I I -  

REMARKS 

I 1 

FSF-mI G:IWPSCIQC778.DUW (11.2394) 

I '  I 

v Fa #41*/9Q. 

F-29 1 



I-- 
INSTRUMENT. 1 
PI0 ~ 

ALPHA 

BETA / GAMMA 

REMARKS 

CPfl I I I i ? 7  

FSF-ml 



LITHOLOGIC LOG 

I I I I 
REMARKS 



DEsCRIPnoN 
(Cobn identled per Mrnaell Cobr Chart) 

k* A- 



DEscAIPrn  
(Cobn idmtnied per Munsell Color Chart) 

I 
REhUAKS 

Ps . I 5; e NOTES: ' 

I 

INSTRUMENT BACKGROUND DATE 



DESCAIPTIW 
(Cobn identtfled per Munsdl C o b  Chart) REMARKS 

EJA 

B-53=-%- /2- 27-?Y 

Nom: 
I 

BACKGROUND I 

==+==e 
FSF-3681 F-296 0: I WPSC I OC778.0Rw ( 1  1 .2394)  

' 0sCst;ss 



I / z - z 7 - 9 u  
DRILLER1 HELPER 

REMARKS 



D E S C A I P M  
(Cobn identffled per Munsdl Cob Chart) 

6 CL 

b 
! I 

INSTRUYENT . BACKGROUND OAT€ 

I R W R K S  

c p f i  I /?? 5-27 



I 
I 

DEscRIPTK)k( 
(Cobn idenlllled per MuumIl Cob Charl) 

6 

6 

I INSTRUMEW. I BACKGROUND I DATE I . I 

REMARKS 

1 
1 

I HOES: See . 4 .  

J 



Y0272f 

09: os' 

2. u 



I -  

I INSTRUMENT I BACKGROUND I DATE I TlYE.  I NOTES: zc  2- 7-75 - 
S c  e. P .  f 

J 



REMARKS 



, ,  1 I I 

JZ 2 - 7 -  - BACKGROUND DATE 



0272 3 

/ o  : 00 

&. d /2 - Z 8 -94 

C 

I I 

I 
I 

0 

Q: I WPSC I oC778.0UW (1 l - P Q 4 )  . F-304 



I INBTRUNENT. BACKGROUND DATE TlYE . 

, 
SE€ PA6C I 

# 

/ / 

I I . .  

NOTES: 
See Pa. I 



1 . .  

I SURFACE ELEVAnOFt QAOWDWATER L t 3 k  DATE STARTED: 
/2-28 -9q 

I I I 

NENT I BACKGROUND I DATE I TIME 

REMARKS 

P2-d 0.0 ppM 

/ 3 j -  0 CPrn 

G: I WPSC lOc778.DRw (11-D94) 



INSTRUM EN7 

PI0 

’ ALPHA 

BETA I GAMMA 

VA x 

p,-0 0 . 0  PPrn 

/!?y 0 C P d  

I ‘  I I I  





F ri  H 
L - I  I 

REMARKS 



SlUIRE 
flME. 

DATE. AND 
rmksER 

4 0  2 7 5 3  
I 2-28-19 

INSTRUMENT. k- 
F- BETA I CAMMA 

IA 

6 
I 

6 

R E k U R K S  

-i 



DEscRIPllm 
(Cobn identtlied per Mm8dl C o b  Chart) 

Y 

SQ- 

6 

I 
NOTES: BACKGROUND DATE INSTRUYENT . 

I -..- ... ._ . 
BETA I GAMMA 1 1  

F-3 1 1 



-,I- 1 

/4 /5  

fo 2 7GS 
2- 2U-9 f .  

1 Y / 5  

1 

b 

?- s' 

FSF-3681 
' .  000702 F-3 12 



1 FEMP t 

.- -"-,r 
DATE COMPLETED ' 7 1  / Z - Z O - Y Y  

I DRILLER I HELPER 

OEsCRlPTIoN 
(Cobn identified per Munsdl C o b  Chart) REMARKS 

Numm I I 
- 

6 

6 

" O W  /2-2 -w 

G 
I I 



DEsCAIPncN 
(Cobn idmtled per Mmsell Color Chart) REMARKS 



~ 

INSTRUMENT. I BACKGRQUND I DATE I TlYE ' I 

FSF-3681 F-3 15 

I I 

3- RtGc c I 



I NUMBER 

p. 0 7  %2 7g6 , H 
DESCRIPTION 

(Cobn idmled pet M m s d l  Color Chart) REMARKS 





17.0: 
I 



. 

REMARKS 



DEPTH 
(FEET) 

1 

12 3 

D E S C R I P m  
(Cobn identlfled per Mmsell Cow d s r l )  REMARKS 

I 

NOTES: 3 



. .  

1 1 8  

REMARKS 

: I  WPSC I0C770.0RW ( 1  1 .2394  



/t 6 4  

DESCRIPTK>N 
(Cobn idmlHled per Munaull C o b  Chart) 

~~ 

INSTRUUENT . BACKGROUND DATE n m  . 

$&€ PA& 1 PlD 1 
I / 

M P H A  M A  MA 



I /z G 

118 

SAMPLE 
TIME. 

(FEm 0 A T E . M  

I INSTRUUEHT 

1- ALPHA 

DESCRIPTKW 

(Cobn identlfled per Mtnsell C o b  Chart) 

n/. Remurry 

REMARKS 

/ / 
/ J 

SAC KC ROUND DATE 



I WATER USED DURINO DRILLINO: ~ I DRlLLlNO COIJTR*CTOR: I DRlLLlNO MUIIWENT: 

SAMPLE 
TIME. 

0ATE.ANO 

t 1 I 

REMARKS 

I 



c 

i 1 1 8  

DESCAIPTIW 
(Cobn identtfled per Mmsdl C o b  Char!) REMARKS 

t 
IH I "  



1 FEMP I 

- 
6 
- 
6 

h e  cu &ve. i 

REMARKS 

NOTES: 
$e c 



DESCRIPTlON 
(Cobn identtlied per Mmsdl C o b  Chart) REMARKS 

NOTES: 
a e e  f " .~  

v 



38.5 

DEPTH 
(Ern 

49.0- - . 

G A U O l  

I 

Y 
/YA 

NA 

NA 

I 

..a. I-- I 

REMARKS 

PP" 
CPM 

C d pi!- 
/?? 

see fd INSTRUMENT . BACKGROUND 

N 
n 

FSF-3sdl F-328 



I 

6 

DRILLER I HELPER 1 

REMARKS 

- I  

F-329 



DEscc\IPTK))(( * 

(Cobn idmtnied per M&l COW Chart) 

I 

I 
I 

cc 

I -  

REMARKS 

2-0 

- 
I- 2s 

2.2 5 

I 







f - - .- . . -  

' 1 1 8  

DEscRIPTK)N 
(Cobra identifled pec Mrnsell Cob Chart) 

6 

E 
I I 

5 



DEsCFIIPnm 
(Cobn idmtnled per Mrnsell C o b  Chart) 

k 



DEsCFIIP?loN 
(Cobn identnled per Mursell Cob Chart) (?j 

ICC 

REMARKS 



t WATER USED ouRin 

I 
DESCFIIPTION 

(Cobn identnled per Muuell C o b  Chart) REMARKS 

LL 

/2 -30-44/ 

y 
1 

BACKGROUND DATE TIYE ' 

I see %. I \ 

I ALPHA 

I BETAIGAMMA 

F-336 
I 

FS-F-3581 



1 L e  
DESCRIPTIW 

(Cobn identtfled per Muuell Cokr Chart) 



. -  

INSTRUMENT. 

I PID 

F- BETA I GAMMA 

I 
BACKGROUND DATE TIME 

J 

1 -JJo C 2'2Q 
FS-F-XSl 



I ALPHA 

1 BETAIGAMMA 

m 
I . 

N A  

N .  

I 

BACKGROUND I DATE I TlME ' 

See 0q.I I I 
F-339 

FS-F-3681 

NOTES: I 

2728 0: I WPSC IOC778.DRW ( 1  1-2394)  



3.0 

DESCRIPTK>IJ 
(Cobn idmttfled per M m 4 l  C o b  Chart) 

, JQe.4-L 0.y 0.r-1.0 C L  1. 75 

REMARKS 







D E S C R I P m  
(Cobn identtfled per Munsdl C o b  Charl) REMARKS 



M S C R I P r n  
(Cobn identtfled per Munsdl C o b  Chart) 

DRILLER I HELPER 

REMARKS 

I t  .- .--.. . , , I--- 



I 



. NOTES: 
INSTRUMENT. BACKGROUND DATE 

v I 



1 1 8  

D E S C A I P W  
(Cobn identtfled per Munsdl C o b  Charl) 

I /2-2?-47Y 
DRILLEA I HELPER 

REMARKS 



REMARKS 



DESCRIPTKW 
(Cobn identtlled per Mmsdl C o b  Chad) R W R K S  I 

! 

)++-I- 





1 1 8  





I OONTRXNo.: 1 FEMP I 

FSF-3861 F-353 

REMARKS 

G: I WPSC I04-778.DRW (1 1-23-94) 

Y 



t - 
PPfi 

CPM 

I 

F-354 



I I -  

/ 3 : 3 0  

2 - a -  y 
Y O  3 476 

FSF-381 



LITHOLOGIC LOG 



. 
.. . 1 1 8  



I I 

I 
.I 

-q 
/?F 40 

0.0 pp" 
/ 

p=/o 0.0 pp/vI 



/3:50 
Y E 

REMARKS 





i 118 
2-24 -Fr 

I I-* 

t j ,005- 

DESCRIPIX))(( 
(Cobn identtfled per Munbdl Cob Chart) REMARKS 

I 

TIME’  rums: , ~ , ,  BACKGROUND DATE 
4 -  



.o 

0. c 



I I -  



'. 

I I-R 
M S C A I r n  

(Cobn idenUfled per Mursell Cokc ChaR) 

cc 2 s  



R W A K S  



. .  . .  

j.0 

- 
3.0 

I 
I 



- - - _ I  

F-367 



0 

200767 h5ii5 I - - 007 LITHOLOGIC LOG 1 I 
1 PROJECTNO.: I 

I I 1 I f  

I \ 1 ORILLINQMNTRACTOCI: I DRlLUNO MUIRIENT: DRILLER I HELPER: 

I I I I 
I I 

F-368 -8  . FSF-3681 a b .  ’ 

080757 



DESCRIPTIW 
(Cobn identified per Mrnedl Color Chart) REMARKS 

AIA MA 

INSTRUMENT . I BACKGROUND .I DATE I TlYE ' I &&e NOTES: 

F-369 FS-F-Wl 



I Y . 0  

7.4 

. .-._... . -  . 
. $2 

REMARKS 

F S F - W l  
I 

F-370 



I I-R 

L - I  

0 Q 0 7QO. F-37 1 



' .o 

1 

C 

I 

- a o g  

INSTRUMENT. 

PID 

ALPHA 

BETA/ GAMMA 

% 

REkURKS 
DESCRIPTICN 

(Cobn identified per Mmbdl C o b  Chart) 

e BACKGROUND DATE 

I 

F-372 



' I -  -I I 

5 

REMARKS 
DESCRIPTION 

(Cobn idmttlied per Mrnsdl C o b  Chart) 
W 

'f 
- r - -  

6 I& & . a  



c 

REMARKS 

'I- 

G:IWPSC IoC776.DRW (11-23-94) 



I N8N 

I I I 

BACKGROUND 1 DATE I TIME . 

0 3  



I I 

WATER USED DURlNQ DRIUINa: 

PlD 

ALPWA 

BETA I GAMMA 

BACKGROUND DATE TIME . 

h/R I r u A  I MA I 

NOTES: 



. 
' mi, 118 

LITHOLOGIC LOG 

qc 

3 %  

I t 3 0  

BACKGROWD I DATE TlME . I INSTRUMENT 



8 .f p 

LITHOLOGIC L 

L .O 

El 
J 

NOTES: BACKGROUND I DATE I nu€ . I t& 
BETA/ GAMMA 



F-379 



-, i c. 

REMARKS 

- ,  
F-380 



*- . * 

.i ._ 1 1 8  

E lo** 

RIA 
- 

L, 

5 m - p +  A- 



I -  

ALPHA 

BETA I W Y A  

000’3’71 F-382 



REMARKS 

NOTES: IIJOTRUYENT 

PID 

B n A  I U N A  F 
5 

0: I WpSc I W776.DUW (1 1-23-94 



t- 1 / JW 

yo 35x3 

INSTRUMEHT k 
I 

1 
6ACKCAOUNO I OAfE I TIYE I mEs: 

;;I 
REIAAUKS 

F-384 





I D E S C R I P W  
(Cobn idmtlfled per Mmsdl Cob Chart) 

CL 

A EIAA Fi KS 

- 

BACKGROUND OATE I NSTR UU EHT 

PlD 

ALPHA F-386 
- - I  * / /  0 



118 

I I  'I 
DESCRIPm 

(Cobn IdmtHled per Munsdl C o b  chart) REMARKS 



I 

iI 
' I MIkeER 

17.4 I 1 I 

R W R K S  

/?a) 3.2 
2.0 7 1. y s - 0  

I 

3.2 

I 

INSTRUYEHT BACKGROUND DATE 

UD 

ALPHA F-388 



REfAARKS 





I I I 

D E S C R I P r n  
(Cobn idmttfied per Mmsdl Color Chart) 

z c 

' REMARKS 

I I i 

F-39 1 4 
- 

BACKGROUND DATE 

f l D  

ALPHA 

- . e  ...... I L A  A, / I 



. ... , 

.6 



118 

INS TAU MU^^ 

PI0 

ALPHA 

REMARKS 

1P 

BACKGROUND DATE 

>&Le / 

H A  A,'/+ F-393 







L.0 3 51d 



a E C T H U I E :  I P R d S C T M . :  

INSTRUMENT 

PI0 

SAA 

4 - -  c . 

BACKGROUND DATE 

&,/3 F-397 
s4 A * [  

SdA 

REMARKS 



61 



D E S C R I P m  
(Cobn idmttfled per MmdI C o b  Chart) 

I .  

DATE TIME INSTAUMEH~ BACKGROUND 

I / F-399 









1 1 8  

CEOUI: 4 K. 



1 . 

n. 

I Y -.-- 



1 I I 





, 



! ,  .. . 1 



. 

I 

I 

fEtm 

r / / A  n. 





I 

I c m :  .3s R. 

MB 24  7995 



al 

. r -  



. 
i 118 





TOP of lmnrf 

CT. m t n u n  Coalmg 

Lysimeter 
Tubing 
Clips Lysimeter Sampling/ 

Connecting Tubas 

Concrete Pad 

Concrete 

urfacr id - 

Grout 

Bentonite Seal 

Silica flour Pack 

BOREHOLE D I A Y n E R :  IN. 

#CI I## I I  IATNlllAiL: 8 bRlrLlp0 CACI@CDIAYETER: 

R X Y M L t  OD IN. ID IN. 
SCREE TYPE. DEPTH O L  fJ:TRALIZERIS): h L... ~ n.-n 



4 

DATES OF INSTALLATION: 

WELL NUMBER: 

PROJECT NAME: PROJECT NUMBER: 

CRU 2?R€-DE5lGh)  lNUE5T\LGT\c rd  
OEOLOOIST: I DRILLIN0 METHOD: 

WATER LEVEL (FT.) DATE: ~ 3 / A  CHECKED BY: 

I 

ITYPE AND AMOUNT OF OROUT USED: IBENTONITE PELLETS (6-OALLON SUCKETSI: ~DEEPEST TEYPORARV CASINO PENETRATION 

Lyrimetrr 

\so L2j FT. 
VOLUME OF WATER LOST DURINO INSTALLATION: RISER MATERIAL: VOLUME OF WATER USED FOR OROUT HYDRATIOW: 

Tubing 
Cllnr Lydmrtrr Sampling/ 

Connrcting Tubrr 

Woe2 USED I 3% .a OAL. 
RISER WALL THICKNESS: TYPE OF SAND PACK: aaneew m A n n i w  b R l U W 0  CASINO DIAMETER: 

29 1' i n . 6 i C b c \  =$ b - 3  C . C M F i C  00 L!$. IN. ID IN. 
RlSERlSCREEN DIFlMETER: SCREEN SLOT SIZE: SCREEN TYPE:: DEPTH OF CENTRALIZER(S1: 

P O  2%" IN. ID 2 .O " IN. UJP IN. N I A  d j &  FT. 

CUQ 

Orout 2q.q n. 

Concrete Pad 

Concrete 2,s F i .  

Bentonitr Seal c.0 FT. 

Oranular Sand 2.0 fl. 

nd. Surfi 

BOREHOLE DIAYWER: b'+ IN. 
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~WPE AND AMOUNT OF a a o w  USED: lBENTONlTE PELLETS 16-OALLON BUCKETS): IDEEPEBT TEYPORARY CASINO PENETRATION 

\(EN GE\GElz 
DATES OF INSTALL WATER LEVEL 1FT.I CHECKED SV: ~ 

VOLUYE OF WATER LOST DURINO INSTALUhTION: 

Grout Z%.C' FT. 

FT. 
VOLUYE OF WATER USED FOR o a o w  HVORATION: 

bb Las 
RISER MATERIAL: 

Lvrlmrtrr Sampllngl 
Connrctlng Tubrr 

Concratr Pad 

~ o n c r r t r  2.5 ' FT. 

TTPE OF SAND PACK: scnmm mAmntw 

610kl "5 l o L 3  bJ IP 
SCREEN SLOT SIZE: SCREEN TYPE:: 

00 2% " IN. I D  2.0 IN. IJ la IN. 

BOREHOLE DIAYLIER: d''k" IN. 

ba iuwo  c b s t m o  DIAMETER: 

OD b 9y IN. I D  N / A  IN. 
DEPTH OF CENTRALIZERISI: 

FT. 

9 0 1ggj 



\ \ 4 % 5  

Lysimeter 

ZOO30 7-/[y,$5-4 

Lysimeter Sampling/ 
Connrcting f i b e r  

Concrete Pad 

Concrete 2.C Ft. 

Grout 

Bontonito Seal \#y IT. 

ROJECT NAME: 

id. - 

PROJECT NUMBER: 

rrfece 

EOLOOIST: 

S E Q  G E \ G E R  

IT* I I Ill I I Qranuler Sand 2 ,  o 

DRlLLlNO METHOD: 

- x O - m s e ? J \ L  

Silica Aour Pack \, 0 
*mH OFLLLP 7.5 f/ 

WATER LEVEL In.) DATE: ATES OF INSTALLATION: 

BOREHOLE DIAMETER: IN. 
'4 " 

CHECRED BY: 

BENTONITE PELLETS 16-GALLON BUCKETS): DEEPEST TEMPORARY CASINO PENETRATION YPE AND AMOUNT OF QROUT USED: 

20 L3.s 8 .o FT. 

VOLUME OF WATER USED FOR OROUT HYDRATION: OLUME OF WATER LOST DURINO INSlALLA7ION: RISER MATERIAL: 

rJomc L S E b  PVL SLLedlc-Ie +U 5 .o OAL. 

CCLP 
b R n L m O  CASINO DIAMETER: TVPE OF SAND PACK: -ATWRlAL: IISER WALL  THICKNESS: 

>% I' . 610bc-l * 5 C , f  RPlul c oo 6 ) g  'IN. ID J ) &  IN. 
DEPTH OF CENTRALIZERIS): 

tn. 
IISERISCREEN DIAMETER: SCREEN SLOT SIZE: SCREEN TVPE:: 

)o 23/d/d4 IN. io 2.0 IN. 4200 IN. FJ la d l 4  FT. 

..q . .  . . .  1. L.  . G-18 c9 
h f l h D  P 9 lWr( 
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TYPE AND AMOUNT OF QROUT USED: 

l o o  L35 YOLCLL’\ 
VOLUME OF WATER LOST DURINO INSTALLATION: 

No= LSk% 

FEMP 

BENTONITE PELLETS (I-OALLON BUCKETS): DEEPEST TEMPORARY CASINO PENETRATION 

I5 L 3 S  39.0 FT. 
VOLUME OF WATER USED FOR OROUT HYDRATION: RISER MATERIAL: 

*C SchPdtJe Yo %.. 0 OAL. 

t(c0 ~ E ~ L E R  
DATES OF INSTALLATION: WATER LEVEL in., DATE: CHECKED BV: 

\-\0- 9c I 

ER WALL THICKNESS: TYPE OF SAND PACK: Y A T # R l A L :  

c tlz A M ,  c L k P  

RISERISCREEN DIAMETER: SCREEN SLOT SIZE: SCREEN TYPE:: 
&b,i *s- \ 

/ g ‘ *  1 ’ 1  

2 $1 IN. ID 2 . O  IN. 4.2cC VLSU IN. IJi A 

Grout , 28.5 FT. 

b R U m 0  CASINO DIAMETER: 

OD (o%/ ‘. IN. ID fi’/A IN. 
DEPTH OF CENTRALIZER(SI: 

tJ Is\ FT. 

Brntonitr Seal 7.0 FT. 

urfi 

Lyslmrtrr Sampling/ 
Connrcting Tuber . 

Concrete Pad 

~oncrr tr  \ ,a cT. 

BOREHOLE DIAMETER: b ‘/.t IN. 

. ft. 

f 1. 

P 1. 

@ 
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FEMP 

VouLa.? n G s  
OLUME OF WATER LOST DURINO .INSTALLATION: 

WELL NUMBER: 

PROJECT NUMBER: 

KEM GE\ctT\ -Rum S O i u l L  
DATES OF INSTALLATION: WATER LEVEL IFT.) DATE: CHECKED BV: 

\ - \ C - W  )I I* I Ik 

m C B S  2-7. 0 ' FT. 

RISER MATERIAL: VOLUME OF WATER USED FOR OROUT HYDRATION: 

Lysimeter 
Tublng 

Lyrlmetar Sampling/ 
Connactlng Tubas Clip8 

ISER WALL THICKNESS: TTPE OF SAND PACK: 

Pf '. GI&,\ *s- 
ISERISCREEN DIAMETER: SCREEN SLOT SIZE: 

0 z*g ' '  IN. I D  2.0 IN. -<2a0 p k s *  IN. 

Grout \7.0 R, 

RILLINO CASINO DIAMETER: . . (m(nAT#l l lAL:  
C U P  -- c k* P Iu I c D LI/.,'' IN. I D  IN. 

SCREEN TYPE:: DEPTH OF CENTRALIZERISI: 

h,/a FT. 

n. T W s f R b r  2.0 
?d DbnMBl0b.r 

Concrete Pad 

Ground Surface 

Qranular Sand 2 ,O 

a - 

BOREHOLE DUMETER: IN. 

IPE AND AMOUNT OF OROUT USED: IBENTONITE PELLETS 16.OALLON SUCKETSI:  DEEPEST TEMPORARY CASING PENETRATION 

G-20 

F l! 
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Lysimeter 
Tubing 

Clip. Connecting Tuber 
Lydmeter Sampling/ 

Concrete Concrete Pad 

Ground Su rrfc id. - 
Concrete 

Qrout 0 s CT. 

Bentonite Seal 115 FI. 

Qranular Sand 1.3s FI. 

Silica flour P8ck FI. 

6 Yy _- IN. 
BOREHOLE DIAMETER: 

G-2 1 000809 
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WELL NUMBER: Lys.imeter Completion Log 
PNTROL 200307 NUMBER: -1(4%7- 0 I6 

PROJECT NUMBER: 

Illt-SS 
PROJECT NAME: 

C 3 k L  ?BFDE~IW FIEL~I X~UEST- ILATIO~ 20.0 3. 07 
OEOLOQIST: DRILLINO METHOD: 

, ktw GEiC-kX XOTQS0h)I c 
DATES OF INSTALLATION: WATER LEVEL lFI.1 DATE: CHECKED BY: 

I - l \ - ? S  w? I EJ/A P.19 0 < 

Lysimrter Sampling/ 
Connactfng Tuber 

Concrete Pad 

Bentonite Seal 5,o fl. 

' * (  =-I I Ill I I Qranuiar Sand 

PE AND AMOUNT OF OROUT USED: BEIITONITE PELLETS 16-OALLON BUCKET%): DEEPE8T TEMPORARY CASINO PENETRATION 

8SL85 \ l O U A ' i  75 Q S  37.0 . FT. 
LUME OF WATER LOST DURINO INSTALLATION: RISER MATERIAL: VOLUYE OF WATER USED FOR OROUT HYDRATION: 

NWE u\k?O ( c h ~ A &  40 35 .O QAL. 

Y p  ; F )  20(10 6l0bl *f Ca2CSMl c OD &pq " IN. ID IN. 
IER1SCREEN DIAMETER: 

23/g'' IN. ID 2,0  .' IN. 4h@ e4fi IN. f l  In dJr4 FT. 

bR lLLNO CASINO DIAMETER: IER WALL THICKNEBS: TYPE OF SAND PACK: .oM.I I A T l l l I A C  
CLLP 

SCREEN SLOT SIZE: SCREEN TYPE:: DEPTH OF CENTRALIZERISI: 
' 

G-22 
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PROJECT NUMBER: 

& 
OEOL001sT: 

n, of Rmrr*l 
'ntrCh.c-4 2 . 5 '  fT. 

Lyrimrtrr Smpllngl 
Connrctlng Tubrr 

Concrrtr Pad 

DRlLLlNO METHOD: 

Grout 37.0' ct. 

WATER LEVEL (FT.1 DATE: DATES OF INSTALLATION: 

Granular Sand 2. 0 ' ct 

/////7$ 

Silica flour Pack /,o ' FT 

I 

BOREHOLE DIAMETER: IN. 

BENTONITE PELLETS l6-OALLON BUCKETSI: TYPE AND AMOUNT OF OROUT USED: 

2 s/d* 
RISER MATERIAL: 

Vd /C /a u 
VOLUME OF WATER LOST DURI~INSTALLATION: 

yo pvc 

DEEPEST TEMPORARY CASINO PENETRATION 
1 47. 0 FT. 

98.  OAL. 

VOLUME OF WATER USED FOR OROUT HYDRATION: 

I 

ER WALL THICKNESS: 

ScA YO 
RlSERlSCREEN DIAMETER: 

2 1/8 ' i M .  ID 2.0 'IN. 

G-23 

S C I I I I N  D A T I l l A L :  TYPE OF SAND PACK: 

20//, Cetarcri c OD &W:N. ID IN. 

DEPTH OF CENTRALIZERISI: SCREEN SLOT SIZE: SCREEN TYPE:: 

FT. 
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SUMMARY OF TOTAL U & ISOTOPIC U SOIL TESTS 
FOR GEOTECHNICAL BORINGS 

1 Boring # 1 1468 Totals:ll 2 1 2 1 

Boring 11470 
I I I PSP I 

Boring # 11 470 Totals:ll 2 I 2 11 

Boring 11472 
I I I PSP I 

Boring # 11 472 Totals:ll 2 I 2 (1 
Boring 11473 
r I I PSP I I I I  

I I I I 

Boring # 11 473 Totals:ll 0 I 01 

Boring 11474 
I I I PSP I 

Boring # 11474 Totals:l 2 I 21 

Boring 11475 
I I I PSP I H ll 
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SUMMARY OF TOTAL U & ISOTOPIC U SOIL TESTS 
FOR GEOTECHNICAL BORINGS 

Boring 11476 
I I PSP I I I I  

Boring # 11 476 Totals:ll 2 I 2 I] 

Boring 11 477 
I I I I  

I I I 

Boring # 1 1477 Totals: 

Boring 11480 
PSP 

Sam. 1 Date 1 ADorOX. 1 Actual ((TatllsoUl 

Boring # 11 480 Totals:ll 2 I 2 I 

I 
'Boring # 1;481 T o t a I s : l l ~ ]  
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TCLP 
Total U & 

Depth Depth Isotopic U Isotopic U Isotopic U 
Total U & 

PSP Kd 
Approx. Actual Total U & 

Ft.1 (Ft.) Proposed Collected Proposed Collected Proposed Collected Sample # 

1 1.8 

Date 
Collected 

Location/ 
(Screened L Interval) 

r==EzK 

II 

E 
11494 

11 11496 

lk 
11498 E 
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SUMMARY OF CHEMICAL AND RADIOLOGICAL SOIL TESTS 
MON ITORl N G WELLS 

PSP 
Location/ Approx. 
(Screened Depth 
Interval) (Ft.1 

15.0-22.0 

Et= 19.0-25.5 

33.0- 37.0 

18.0-22.0 

I I 

14.0- 18.0 ll--t--F 

23.0- 27.0 

I 115471 

TCLP 1 1 
Actual Total U & Total U & Total U & 

Kd 

Depth Isotopic U Isotopic U Isotopic U 

(Ft.) Proposed Collected Proposed Collected Proposed Collected Sample # 

H-10 
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Location 

Moisture Content 

Interval Samples Samples Actual Sample # Date 
Depth (ft) Proposed Collected Depth (ft) Collected 

Well Screened 
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H-11 00084s 
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Location 

11 505 

Moisture Content 

Interval Samples Samples Actual Sample # Date 
Depth 4) Proposed Collected Depth (ft) Collected 

1 19.5- 20.0 403367 01 103195 

Well Screened 

23.0-27.0 1 1 22.0- 22.5 403354 01 103195 

1 25.0- 25.5 403355 01 /03/95 

1 26.5-27.0 403356 01 103195 
~~ 

1 1 546 

H-12 

9.0- 13.0 1 7.5-0.0 403527 0111 6/95 

1 11.5- 12.0 403520 01/16/95 

11547 

1 14.0- 14.5 403529 01/16/95 

9.0-13.0 1 7.5-0.0 403534 01/16/95 

1 11.5- 12.0 403535 01 11 6/95 
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SUMMARY OF CHEMICAL AND RADIOLOGICAL SOIL TESTS 
LY S I M ETERS 

TC LP 

Sample # Collected I Date 

Approx. Actual Total U & Total U & 
Location Depth Depth Isotopic U Isotopic U 

Ft. 1 (Ft.) Proposed I Collected Proposed I Collected 

H-13 00.084p 



PSP 
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Location Depth (A) 
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Moisture Content Grain Size 
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1.0 INVERSE GROUNDWATER MODELING 

I. 1 INVERSE GROUNDWATER MODELING 

The term inverse modeling is used to distinguish it from normal groundwater flow modeling. In 

groundwater flow modeling, estimates of model parameters such as infiltration rate and hydraulic 

conductivity are used to produce estimates of aquifer hydraulic head. In contrast, the objective of 

inverse modeling is to estimate the value of one or more model parameters based on historical 

groundwater elevation data. Therefore, inverse modeling is a parameter estimation procedure. 

I. 1.1 

Inverse modeling was conducted to obtain a set of estimated values of hydraulic conductivity in the 

predesign investigation study area based on the measured water levels in monitoring wells collected 

over a period of time. The resulting estimates of hydraulic conductivity were used to test assumptions 

concerning the physical structure of the site geology, assist in determining the appropriateness of 

conceptual models of the site hydrogeology, and to provide qualitative indications of the degree of 

connectedness in the till hydrogeology and the ability of the soils to transmit water horizontally. 

Obiectives of Inverse Modeling 

I. 1.2 Methodologv 

The methodologies utilized for inverse modeling consisted of evaluation of existing groundwater 

elevation data, development of a conceptual model, set-up of the model structure and time domain, 

identification of model parameters based on existing data, collection of water level and supporting 

data, model execution, and interpretation of results. Two computer models were used to perform 

inverse modeling. MODINV was used to optimize hydraulic conductivity based on observed water 

level measurements in monitoring wells. MODINV uses the U.S. Geological Survey (USGS) 

modular three-dimensional finite difference groundwater flow model, MODFLOW, as its forward 

processor. The HELP model was used to estimate the infiltration rates needed for MODFLOW. 

I. 1.2.1 MODINV Model DescriDtion 

The MODINV model, developed at the James Cook University (Doherty, 1990), is an inverse 

modeling or parameter estimation program for the MODFLOW (McDonald and Harbaugh, 1988) 

groundwater flow model. Using MODINV, model parameters are optimized such that model 

generated heads are compared to a set of monitoring well water level elevation readings that have 

been collected over a period of time. 

000849 
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In modeling groundwater flow, model parameters such as recharge rate and hydraulic conductivity are 

specified, then an analytical or numerical computer model is executed to find current and future 

aquifer head values. Model calibration is performed by varying one or more model parameters until 

the model predicted aquifer heads match the field observations within a specified tolerance. Inverse 

modeling is an automated model calibration procedure in which the model adjusts parameter values in 

an attempt to find an optimum set that minimizes the differences between the modeled heads and field 

observations. 

A basic part of the execution of the inverse modeling algorithm is the ability to predict water levels 

using current estimates of model parameters, that is, to carry out routine solutions of the forward 

groundwater flow problem. It is these model outputs that are compared with the field measurements. 

MODINV uses MODFLOW as its forward processor. Because field observed head data exists at only 

a limited number of points that are not necessarily located at the center of a model grid cell, the 

MODFLOW output head array is interpolated to obtain head values at locations corresponding to the 

locations of the available monitoring wells. It is these interpolated head values that are compared 

with the historical water elevation data. During MODINV optimization, the sum of the weighted 

squared differences between these two sets of head values is minimized. During a MODINV run, 

MODFLOW is run many times in order to calculate derivatives, and to test parameter improvements. 

I. 1.2.2 HELP Model DescriDtion 

The HELP model was used to determine the infiltration rates through the investigation area. The 

HELP model @PA 1984) is a quasi-twodimensional hydrologic model of water movement across, 

into, through, and out of the area being modeled. The model accepts climatologic, soil, and design 

data and simulates a number of hydraulic processes including surface storage, runoff, infiltration, 

percolation, evapotranspiration, soil moisture storage, and lateral drainage. The systems that can be 

modeled by HELP include various combinations of vegetation, cover soils, waste cells, drainage 

layers, and relatively impermeable barrier soils. 

The HELP model is designed to perform water budget calculations for a system having as many as 12 

layers by modeling each of the hydrologic processes that occur. Each layer must be identified as 
either a vertical percolation, lateral drainage, or barrier soil layer. The identification of each layer 

used in the model is critical because the program models water flow through the various types of 

layers in different ways. Runoff is computed using the Soil Conservation Service (SCS) runoff curve 
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a number method by considering daily precipitation totals. Percolation and vertical water flow is 

modeled using Darcy’s Law with hydraulic conductivity as a function of saturation, Le, relative 

p.ermeability effects. Evapotranspiration is estimated by a modified Penman method adjusted for 

limiting soil moisture conditions. 

The HELP model calculates and reports average monthly totals, average annual totals, and peak daily 

values for the simulation variables. The simulation variables include precipitation, runoff, 
evapotranspiration, percolation through the base of each layer, and lateral drainage through each 

layer. 

1.1.2.3 ConceDtual Model 

Dense, fine grained glacial overburden (till) overlies the unsaturated and saturated Great Miami 

Aquifer. Visual inspection of borings in this and previous investigations at the FEMP site indicate 

that the till deposit can be divided into a brown till layer underlain by a gray till layer. In general, 

the gray till has low hydraulic conductivity and provides a till matrix with high adsorption potential. 

Therefore, at the FEW, the gray till with its appreciable silt and clay content, is regarded as 
providing a degree of protectiveness to the Great Miami Aquifer (Dove and Norris, 1951). a 
Within the till deposits, there are some water-bearing mnes that have limited interconnection. 

Movement of water and contaminants within these units is expected to be limited due to limited areal 

and vertical extent and lack of interconnection between these units. The majority of these zones are 

of glaciofluvial origin and consist of small beds of highly-sorted sands and gravels. These intertill 

perched mnes have the following general characteristics: 

High variability in areal extent, thickness, and volume 

Based on lithology and hydrograph analysis, the interconnection between the intertill 
saturated zones is limited 

Hydraulic conductivities are highly variable with a range of 2.8 x 1CS to 220 feedday (1 x 
lo4 to 0.08 cdsec)  (OU5 RI Report, 1994; On-site Disposal Cell, Predesign Engineering 
Supplemental Report, July 1994) 

Figure 1-1 presents a generalized conceptual model of the glacial overburden. For the modeling 

purposes, the glacial overburden was divided into four layers. Layer 1 is the top-most layer and is 

entirely within the brown till. Layer 1 extends from ground surface to approximately five (5) feet 
a 
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above the browdgray till interface, except where the brown till thickness is less than eight (8) feet. 

When brown till thickness was less than 8 feet, Layer 1 bottom was defined such that a minimum 

thickness of 3 feet was maintained for Layer 1. Layer 1 may be partially saturated and was modeled 

as an unconfined aquifer. 

Layer 2 of the model is partly in the brown till and partly in the gray till. This layer consists of fine- 

grained till deposits (brown and gray) interbedded with sand and gravel glaciofluvial stringers. This 

layer extends from the bottom of Layer 1 to 5 feet below the browdgray till interface. In the 

northern portions of modeled area, bedrock rises sharply terminating the gray till deposits. In this 

area, Layer 2 extends to the top of bedrock. Layer 2 is where the majority of the perched water 

zones are expected within the glacial overburden. When water level rises above the top of Layer 2, 

change in water storage is accounted by the storage in Layer 1. This is accomplished by treating 

Layer 2 as an unconfined aquifer converting to confined aquifer when water level rises above the top 

of this layer. This allows for adjusting storage coefficient to one corresponding to compressibility of 

water and aquifer matrix whenever water level rises above the top of Layer 2. Otherwise, specific 

yield is used to account for changing water storage in Layer 2. 

Originally, Layer 2 consisted of two sublayers. One sublayer for the brown till portion of the 

Layer 2 and second sublayer for the gray till portion. However, most of the monitoring wells are 

screen across the brown and gray till interface. This made it difficult to assign water levels in these 

monitoring well to sublayers. Furthermore, additional sublayers would mean more hydraulic 

conductivities to optimize without any additional data, a difficult task. Therefore, these sublayers were 

eliminated from the final conceptual model. 

Layer 3 consist of all remaining gray till except for the bottom one foot. Layer 3 acts as a leaky 

confining layer between Layers 2 and 4. 

Layer 4 is a 1-foot thick gray till layer resting on top of the unsaturated Great Miami Aquifer. In the 

northern portions of the modeled area, bedrock rises sharply and the Great Miami Aquifer is not 

present. In this area, Layer 4 is 1 feet thick gray till (if present) above the bedrock. Layer 4 is 

expected to have higher permeability than Layer 3 but remain saturated due to high capillary forces 

expected for the fine grained material of Layer 4. Layer 4 is confined and is held at atmospheric 

pressure to simulate its contact with the unsaturated Great Miami Aquifer. 

~\CRU2\PREDESIGMTDO\AeP-I.~~26, 1995 1:OOpm 1-5 
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In the northern'portions of modeled kea, bedrock rises sharply terminating all layers and provide a 

no-flow boundary (Figure 1-1). Figure 1-1 also shows that local drainage features in southwestern 

parts of the modeled area may have exposed unsaturated Great Miami Aquifer. Eastern portion of the 

modeled area includes a ridge where glacial till thickness decreases sharply and provides a natural 

seepage face. Hydraulic stresses to the modeled area included pumping at Plant 6 area, bailing 

activity, infiltration, vertical flow to the Great Miami Aquifer, and seepage to local drainage 

channels. 

I. 1.2.4 Technical ADproach 

Figure 1-2 shows the areas under consideration for locating the disposal cell in August 1994. As 

design was refined and more field data became available, area under consideration for locating the 

disposal cell was refined in February 1995 (also shown in Figure 1-2. It must be emphasized that 

footprint of the disposal cell is not final and may change as design progresses and more field data 

become available. 

The model grid was selected in October 1994 based on the area under consideration for locating the 

disposal cell in August 1994. A grid spacing of 100 feet X 100 feet was selected for the disposal cell 

investigation area. Modeled boundaries were extended 1000 feet beyond the potential location of the 

disposal cell in each direction to minimize the impact of boundaries on the final results. Grid spacing 

in this area ranged from 200 to 300 feet. Figure 1-2 shows the selected grid with respect to potential 

disposal cell locations. The modeled area was 4100 feet X 7700 feet and has 29 X 65 grid cells in 

each layer. 

MODINV was used for estimating hydraulic conductivity of Layer 2 by history matching water level 

measurements taken at the site from October 4, 1994 to February 22, 1995. Inverse modeling or 

parameter estimation was completed in two stages. The first stage used water level measurements and 

daily precipitation data from October 4, 1994 to November 30, 1994. Stage I modeling optimized 

hydraulic conductivities for all grid cells located in the are under consideration for the proposed 

disposal cell as of August 1994. Results of the first stage of inverse modeling were used to guide 

water level measurement field program. Stage II used water level measurements and precipitation 

data from December 1, 1994 to February 22, 1995. Results of the first stage were used as an initial 

estimate for the second stage of modeling. This phased approach was taken so that field data 
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. @  collection program could be optimized and water level measurements from newly installed monitoring 

wells in the investigation area could be incorporated in the modeling. 

Selected wells were continuously monitored for water level changes using transducers attached to data 

loggers while others were monitored manually on a w.eekly basis. Water levels were also measured 

within 24 hours of significant rainfall event. Hydrographs were reviewed periodically and monitoring 

wells were added or removed from water level monitoring program. Wells were also added or 

removed from the water level measurement schedule based on intermediate results of this modeling. 

Details of water level monitoring program are provided in Section I. 1.3. 

During a precipitation event, a portion of precipitation infiltrates the soil surface while the remainder 

evaporates and runs off the surface (in case of rainfall) or accumulates on surface (in case of 

snowfall). The amount of infiltration decreases with the increase in the clay content and moisture 

content of the soil, and decreases with the increase in the intensity and duration of rainfall, ground 

slope steepness, and ground surface coverage with pavement, asphalt, or buildings. Infiltration also 

decreases with increased vegetative cover or plants having a deeper root zone, such as pine plantation 

in north, and subdrain system such as drain tiles located in the eastern fields. 

Local historical meteorological data and information on the soil types and vegetation were used in the 

HELP model to estimate average monthly infiltration. Types and areal density of vegetation in the 

modeled area and ground cover were provided by aerial photos, site reconnaissance, and interviews 

with personnel familiar with the area under consideration for locating disposal cell. Local site- 

specific precipitation data for the modeled time period were then used in conjunction with average 

monthly infiltration to estimate daily infiltration in the modeled area. 

MODFLOW was also run in steady state mode to verify that the average annual infiltration and 

specified vertical hydraulic conductivities are compatible with the observed water levels. 

There are 1885 cells in Layer 2. Each of these cells may have different hydraulic conductivity. The 

objective of this modeling was to estimate hydraulic conductivity in the area under consideration for 

the proposed disposal cell. However, a reasonable estimate of hydraulic conductivity is required for 

cells outside the area of concern. Therefore, 1885 cells were first divided into 22 zones. All cells in 

a zone had same value for hydraulic conductivity. These mnes were created so that all cells 
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belonging to a zone had similar probability of finding coarse grained material. Zones were not 

continuous, i.e., cells belonging to a zone need not be located in a contiguous area. In the first 

MODINV run, hydraulic conductivity for each of 22 zones was optimized. After this run, hydraulic 

conductivity for cells outside the proposed disposal cell location were not further optimized. 

Only hydraulic conductivity of cells within the boundaries of the area under consideration for the 

disposal cell were optimized in subsequent runs. There are more than 1000 grid cells within the 

boundaries of the area undet consideration for the disposal cell. A single parameter optimization run 

with 1000 parameters to estimate not only requires large computer resources and time, but also, it is 

possible that optimization procedure for problem this large may not be successful. In order to 

develop a more manageable modeling scenario, Layer 2 model cells were organized into groups 

having the same value of hydraulic conductivity. The grouping of cells was determined by an 

evaluation of the spacing of available monitoring well used for water level measurements and the 

likelihood of significant variation in permeability. The assignment of a cell to a group (or zone) was 

also guided by the indicator krigingholid block modeling that was conducted prior to the start of the 

field program. This solid block modeling assigned a probability of locating coarse grained soils on a 

100-feet-by-100-feet grid. A total of 432 cell groups (zones) were created for modeling of Layer 2. 

Optimization of 432 hydraulic conductivities for Layer 2 was still not practical. In order to create a 

more manageable modeling scenario, optimization was performed on a subregion basis. A total of six 
subregions were created. During optimization all 432 zones were used. However, hydraulic 

conductivity for each zone was either held to a constant specified value, or was allowed to change for 

optimization. Only the zones belonging to a subregion and in the area of interest were optimized. 

Figure 1-3 shows six subregions and 432 zones used for modeling. Note that there is an overlap of 

subregions. Zones numbered from 101 to 617 were the only zones optimized during both stages of 

modeling. Hydraulic conductivities for zones numbered from 700 to 859 in Figure 1-3 were 

optimized only during Stage I modeling. 

Parameter optimization was performed on a subregion by subregion basis using the latest available 

values of hydraulic conductivities from all previous runs. Iterations on a subregion by subregion 

continued until no further improvement in hydraulic conductivities were realized. This procedure is 

similar to the Gauss-Seidel iterative method where newly computed values for unknown parameters 
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are used in the iterative procedure as soon as they become available. Convergence was typically 

achieved in 2 to 3 iterations on a subregion level. 

I. 1.3 Data Collection Activities 

I. 1.3.1 

Water level measurements from existing and newly installed 1000 series monitoring wells were 

collected from October 4, 1994 through March, 1995. The wells that were measured are shown in 

Figure 1-2. A set of six water level transducers and data loggers were used to obtain hourly readings 

in six of the wells. The remaining wells were monitored weekly by taking manual readings. In 
addition, manual reading were taken within 24 hours of a rainfall event exceeding 0.5 inches. Daily 

manual measurements were obtained for newly installed monitoring wells, until the well response was 

seen to stabilize. 

Monitoring Well Water Elevations 

The well response to precipitation was continuously analyzed as the data were collected. Not all of 

the wells were monitored throughout the complete modeling time period. Wells were added or 

deleted from the monitoring list depending on the response to precipitation events, and the need to 

collect data in specific zones of the model grid. The number of manual water elevation reading was 

limited to the number of measurements that could be performed in a day. Likewise the list of 

monitoring wells in which continuous water level transducer reading were obtained was adjusted 

based on the on-going data needs and the hydrograph response. 

I. 1.3.2 Extraction Water Volumes 

The volumes of water that were extracted from monitoring wells during the modeled time period were 

obtained and used as additional input data for the inverse modeling. Groundwater extractions 

occurred for four shallow wells installed within Plant 6, well 1064, and the newly installed 

monitoring wells in the investigation area. The Plant 6 wells are part of an on-going perched 

groundwater extraction and treatment system that was previously installed in Plant 6. These volumes 

are shown in Table 1-1. The extraction volume data was obtained from the plant operators, who take 

daily reading of the amounts pumped. Water was extracted from well 1064 for use in the associated 

Kd study. Water was extracted from the newly installed monitoring wells for well development. 

These extracted water volumes are shown in Table 1-2. 
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Date 

TABLE 1-1 

GALLONS OF WATER EXTRACTED FROM PLANT 6 Wells 

Monitoring Well No. (Amount Extracted in Gallons) 
1161 I 1148 I 1149 I 1778 

02-S ept-94 
12-S ept-94 
13-Sept-94 
14-S ept-94 
15-S ept-94 
16-S ept-94 
19-SeDt-94 

0.9 1.6 1.7 6.3 ' 

5.8 21.1 9.0 74.1 
1 .o 11.7 0.9 6.4 

1.76 3.0 6.2 
0.5 3.8 5.1 6.5 
0.8 1.7 4.9 7.8 
1.7 10.9 4.9 19.9 

20-Sept-94 I 'I 1.9 I . 3.0 I 15.9 
2 1-Sept-94 

23 -S ept-94 
22-Sept-94 

26-Sept-94 
27-Sept-94 

1 .o 3.7 2.1 
0.4 3.6 18.4 
0.3 1.9 3.9 7.5 
2.3 9.1 4.1 27.7 
0.1 13.9 1 .o 6.3 

28-Sept-94 
29-S ept-94 
30-S ep t-94 
03-Oct-94 
04-Oct-94 
05-Oct-94 

10.8 14.9 2.9 5.0 
0.2 13.5 5.0 7.9 
0.2 1.9 6.6 
0.1 1.5 5.1 20.3 
0.6 1.8 4.1 6.0 
0.1 3.7 23 -5 

06-Oct-94 
07-Oct-94 
10-Oct-94 
1 1 -0ct-94 
12-Oct-94 
13-Oct-94 
14-Oct-94 
17-Oct-94 

0.7 0.1 0.1 0.3 
0.1 1 .o 6.1 
1.5 43.5* 19.9 . 

0.8 0.2 5.2 6.0 
0.2 13.5* 6.3 

0.9 4.6 7.7 
0.2 4.8 6.1 

1.3 10.1 4.0 19.8 
18-Oct-94 
19-Oct-94 
20-Oct-94 

0.3 4.0 6.2 
0.8 3.9 16.0 
0.8 4.1 .9 

2 1 -0ct-94 
24-Oct-94 

4.3 6.1 
1.6 . 8.4 5.3 18.4 

26-Oct-94 
27-Oct-94 
2 8-Oct-94 

0.8 8.0 4.2 14.3 
0.1 1.8 2.2 6.5 
0.7 3.8 3.9 6.7 
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3 1 -0ct-94 
0 1 -Nov-94 
02-NOV-94 

TABLE 1-1 
(Continued) 

0.8 7.7 3.2 30.4 
0.8 4.0 3.3 5.2 

2.0 4.6 27.2 

I Monitoring Well No. (Amount Extracted in Gallons) 
Date 

03-NOV-94 
WNOV-94 
07-NOV-94 

I 
- 

1161 I 1148 I 1149 1 1778 

1 .o 3.8 4.3 6.8 
0.1 1.8 3.5 4.7 
0.4 7.8 3.7 18.7 

08-NOV-94 
09-NOV-94 
1 0-NOV-94 

0.8 63.9* 16.6 
0.1 2.0 4.3 
0.9 0.1 9.0 3 .O 

1 4-NOV-94 
1 8-NOV-94 
2 1 -Nov-94 

1.7 5.2 5.1 24.7 
0.9 6.8 4.8 8.4 
0.7 9.4 0.0 26.8 

22-NOV-94 
23-NOV-94 
24-NOV-94 

0.8 1.8 3.1 1 17.5 
0.1 7.3 4.1 

5.5 
28-NOV-94 
29-NOV-94 
30-NOV-94 
01-DE-94 

34.4 
6.0 

1.9 2.7 5.1 
0.1 3.8 2.8 
0.6 1.8 3.0 
0.0 4.0 4.0 

6.1 

02-DE-94 
04-DE-94 

7.5 
9.2 0.7 1.8 4.0 

05-DE-94 
06-DE-94 
07-DE-94 

0.7 9.2 4.0 16.8 
0.0 2.0 4.0 5.8 
0.9 1.9 5.4 ’ 6.3 

11 13-DE-94 I 

08-DE-94 
09-Dec-94 
10-DE-94 
1 1 -Dec-94 
12-Dec-94 

0.8 

0.0 . 1.8 3.6 7.6 
0.7 3.9 5.9 

0.6 9.5 8.0 19.7 
1.8 

14-DE-94 0.0 3.8 5.00 6.3 
15-DE-94 0.7 1.3 0.7 4.9 
16-DE-94 0.1 4.8 2.2 8.1 
17-DE-94 
1 8-DE-94 

i 

I 3.1 1 7.7 

. .  



TABLE 1-1 
(Continued) 

Date 
19-Dec-94 
20-Dec-94 
21-Dw-94 
22-Dec-94 
23-Dw-94 

FEMP-OU02-4 DRAFT 
July 31, 1995 

Monitoring Well No. (Amount Extracted in Gallons) . 

1161 1148 1149 1778 
0.8 7.6 4.0 21.7 
0.7 3.8 4.0 7.8 
0.0 1.6 4.1 6.9 
0.0 2.0 1.9 5.9 

24-Dw-94 
25-D W-94 
26-Dec-94 
27-D ec-94 
28-D~c-94 
29-Dec-94 

2.1 5.3 5.0 35.6 
0.0 13.6 4.2 8.0 
0.0 2.0 2.9 12.4 

15-Jan-95 
16-Jan-95 
17-Jan-95 

0.0 6.4 1.9 

1-14 

18-Jan-95 
19-Jan-95 1.7 13.2 1.3 
20-Jan-95 0.5 1.8 3.0 
2 1 -Jan-95 
22-Jan-95 

i 
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TABLE 1-1 
(Continued) 
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TABLE 1-1 
(Continued) 

NOTES: 

1) Yield is determined through use of flow meter readings and water is pumped into a common 
holding tank from each well. 

2) Volume extracted from 1064 was water used in Kd Study. Data for 1778 after January 13th was 
not valid. 

*Questionable amount error in flow meter readings. 

Rust Environmental 
Geosyntech 
Foster Wheeler 
Morrison Knudsen 
CDM Federal 
Montgomery Watson 
Weston 
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I. 1.3.3 Precipitation Data 

The daily site specific precipitation readings were obtained from the site meteorologist and compiled 

for use in the inverse modeling and in hydrograph analysis. The precipitation data were obtained 

covering the model simulation time from October 4, 1994 to February 22, 1995. 

I. 1.4 

MODINV requires many inputs. Wherever possible, site-specific values were used as inputs. Certain 

parameters were, however, not available and were estimated based on pertinent scientific literature 

search, hydrogeologic investigations, geochemical investigations, and were checked for consistency 

between model results and historical data. 

InDut Data for MODINV 

I. 1.4.1 Laver Elevations 

MODINV modeling required elevations for ground surface, browdgray till interface, and bottoms of 

Layers 1 through 4. All surfaces are terminated by sharply rising bedrock in the northern parts of the 

modeled area. Ground surface elevations used were based on 1992 flyover. The surface which 

represent browdgray till interface was determined based on soil borings and monitoring wells 

installed as part of RI/FS investigations for the OU-2, OU-3, and OU-5 and available in September 

1994. Figure I 4  shows the browdgray till interface surface used to define Layer 2. Recently, cone 

penetrometer tests (CPT) were conducted and additional monitoring wells and piezometers were 

installed at the area under consideration for locating disposal cell. Comparison of this new 

information against Figure 1-4 reveled that maximum difference was 3 feet. This was not considered 

a major difference because Layer 2 was selected to extent 5 feet on both sides of the browdgray till 

interface and Layer 2 was defined solely to determine continuity of coarse grained or highly 

permeable lenses. Therefore, model layers were not redefined during second phase of modeling. 

Figures 1-5 and 1-6 shows bottoms of Layers 1 and 2, respectively. These model layers were set as 
discussed earlier in Section I. 1.2.2, the conceptual model.. Bottom of Layer 3 is 1 foot above the 

Layer 4 and the bottom of Layer 4 is the top of Great Miami Aquifer. 

I. 1.4.2 Hvdrologic ProDerties 

Layers 1, 3 and 4 were assigned uniform, homogeneous, isotropic hydraulic conductivities. The 

hydraulic conductivity for Layer 1,3.6 x lo-’ cdsec ,  was obtained from the geometric average 

horizontal hydraulic conductivities calculated from slug tests conducted in 1000-series wells completed 
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July 31. 1995 e io the brown till. The horizontal.hydraulic conductivity for Layer 4, 1.9 x lob cdsec ,  was similarly 

obtained from the geometric average horizontal hydraulic conductivity calculated from slug tests 

conducted in 1000-series wells completed in the gray till. The vertical hydraulic conductivity for 

Layer 3 was obtained by calibrating the steady state model for the disposal cell area such that 

predicted water level elevations and pattern follow the observed trends. This calibrated vertical 

hydraulic conductivity for the gray till (4 x lQ7 cdsec)  was one-fifth of the geometric mean 

horizontal hydraulic conductivity for the gray till. Section I. 1.4.6 describes the procedure used to 

obtain initial estimate of hydraulic conductivity for Layer 2. 

Storage coefficient, used for confined aquifer conditions, was estimated to be 5 x 10-4 while specific 

yield was estimated to be 0.05. These values were estimated as typical for the soil types encountered 

at the site. 

I. 1.4.3 Water Withdrawal Rates 
Four wells in the Plant 6 area have automatic water level control system. When water level reaches a 
certain predefined level, a well pump is turned on and water is withdrawn until water level goes 

below the low level sensor. Individual pumping event is not recorded. However, total amount of 
water produced from each well is recorded periodically. Table 1-1 provide the water withdrawal data 

from these four wells. For modeling purposes, it was assumed that a constant pumping rate existed 

between two events when amount of water produced was recorded. 

Q 

Newly installed monitoring wells and piezometers were periodically bailed. Bailing information is 

provided in Table 1-2. Bailed water was modeled as withdrawn on the day of bailing. 

I. 1.4.4 Infiltration Rates 

The modeled area was divided into four zones for the purposes of infidtrations. These four zones are: 

- Open fields or lawn 
- Paved areas or areas covered by buildings 
- Model grid cell partially paved or covered by buildings 
- Dense pine tree area 

These zones are identified in Figure 1-7. The HELP model was run for all zones except for the 

partially covered cells to estimate infitration. For partially covered area, infitration was estimated to 

be the average of fully covered area and open fields. Table 1-3 provides inputs used to estimate 
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Parameter Unit 
Open Grass 

Fields 
Pine Tree 

Area 

~ cm/sec 

18.0 
60.0 

NA 
60.0 

38.0 
40.0 

NA 
' 60.0 

5.2 x lod 
9.0 x 105 
1.0 x 103 

NA 

47.3 
43 .O 
45.7 
NA 

5.2 x lod 
9.0 x 105 
1.0 x 103 

NA 

47.3 
43.0 
45.7 
NA 

32.1 
13.1 
NA 

10.4 
22.1 
5.8 
NA 

Fair grass 

32.1 
13.1 
NA 

10.4 
22.1 
5.8 
NA 

Pine Trees 
(fair) 
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TABLE 1-3 

INPUT P-RS FOR THE HELP MODEL 
AND CALCULATED INFILTRATION RATES 

1 

Paved or 
Covered 

Area 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

I8 

19 

20 

21 

22 

23 

24 
25 

' 2 6  

27 

28 

29 

30 

31 

32 

33 

34 

3.5 

36 

Layer Thickness 
Top soil/pavement 
Brown till 
Coarse grained soils 
Gray till 

inches 
4. 

60. 
60. 
144. 

~ ~~ 

5 . 0 ~  106 
9.0 x 1 0 5  
1.0 x 103 
1.9 x 106 

Hydraulic conductivity 
Top soil/pavement 
Brown till 
Coarse grained soils 
Gray till 

Top soil/pavement 
.Brown till 
Coarse grained soils 
Gray till 

Field Capacity 
Top soil/pavement 
Brown till 
Coarse grained soils 
Gray till 

Porosity percent 
40.0 
43.0 
45.7 
41 .O 

percent 
22.2. I 22.2 35.0 

32.1 
45.7 
37.1 

wilting Point 
Top soil/pavement 
Brown till 
Coarse grained soils 
Gray till 

percent 
25.0 
22.1 
5.8 
25.1 

Bare ground Vegetative Cover 

Maximum Leaf Area Index I 0-5 scale ~ 2.0 . I 3.3 0.0 

Evaporative Zone Depth I inches 18 I ~ 38 2 

SCS Runoff Curve Number I 0-100 sc; 68 I 68 97 

Calculated infiltration rate I inchedyear 9.05 I 6.59 1.73 

000873 
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infiltration for each zone. Input parameters were estimated from field and laboratory data. The 

climatological data of precipitation and mean monthly temperature were assumed to be the same as 
for Cincinnati, Ohio from 1974 to 1978. 

The HELP model was run to "steady state," that is, until successive simulations showed no 

appreciable change in soil moisture content in any of the layer. Summary of the HELP results are 

presented in Table 1-3. Average annual infiltration rate varied from 1.7 inches/year for paved area to 

nine inches/year for open fields or lawn. 

Average monthly infiltration and average monthly precipitation data were used in conjunction with 

daily site-specific precipitation data to estimate infiltration rates on a daily basis. The ratio of average 

monthly infiltration to average monthly precipitation provided the factor used to estimate how much 

of daily precipitation results in infiltration. It is recognized that other factors also influence daily 

infiltration rates. However, this procedure is expected to yield a good approximation of infiltration 

rates on an average basis. Estimated daily infiltration rates were used as an input to the MODINV 

model. 

I. 1.4.5 Water Levels 

Water levels measured on October 4, 1994 and November 30, 1994 were contoured and used as 

initial water levels for Stage I and Stage I1 modeling. These water levels are shown in Figures 1-8 

and 1-9. Remaining water level measurements, presented in Section 3.1.3, were used for history 

matching procedure to optimize hydraulic conductivities for Layer 2. 

1.1.4.6 

Optimization of hydraulic conductivities of Layer 2 was the main focus of the MODINV modeling 

effort. MODINV requires initial estimates of the parameters to be optimized. Solid block modeling 

of coarse grained materials was used to estimate probability of finding coarse grained soils in each 

grid. Grids with ninety-five percent or higher probability of finding coarse grain material were 

assigned an initial estimate of 1.4 x 

slug test determined hydraulic conductivity for the brown sand. Similarly, grids cells with five 

percent or less probability of finding coarse grained soils were assigned an initial estimate of 1.7 x 10 

5 cm/sec for hydraulic conductivity, a geometric mean value of slug test determined hydraulic 

Initial Estimates of Hvdraulic Conductivitv for Laver 2 

cm/sec for hydraulic conductivity, a geometric mean value of 
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conductivity for the brown or gray silts. Other cells were assigned an initial estimate in between 

these two ranges. 

Various mnes of equal hydraulic conductivities for the modeling purposes are shown in Figure 1-3. 

Figure 1-10 shows the initial estimate of hydraulic conductivity used for Stage I modeling. Results of 

Stage I modeling provided initial estimate of hydraulic conductivity for Stage II. 

I. 1 .'5 MODELING RESULTS 

1.1.5.1 

When MODINV was first run using a vertical hydraulic conductivity of 1.9 x 106 c d s e c  for the gray 

till, MODFLOW (which is run within the MODINV) predicted that the majority of the modeled area 

would remain dry during October-November 1994. However, field measurements indicated 

otherwise. There are two critical parameters influencing the model prediction. These two parameters 

Vertical Hvdraulic Conductivity of the Grav Till 

are the net infiltration rate and the vertical hydraulic conductivity of the gray till. If only infiltration 

rate is varied, the infiitration rate would have to exceed total precipitation during that time period to 

prevent large portions of Layer 2 from going dry. Since the modeled area was not irrigated during 

this time period, infiitration cannot exceed precipitation. 

Gmtechnical investigations have indicated that the vertical hydraulic conductivity of the gray till 

ranges from 7 x lo4 to 9.2 x 10' cdsec.  Furthermore, hydraulic conductivity of 1.9 x 10-6 c d s e c  

was calculated from analysis of slug tests. Slug tests measure horizontal hydraulic conductivity which 

can be an order of magnitude higher than the vertical hydraulic conductivity. In order to calibrate 

vertical hydraulic conductivity in Layer 3, MODFLOW was run in the steady state mode. The 

average annual infiltration rates predicted by the HELP model were used for the steady state run. No 

water withdrawal was specified. Only vertical flow from the gray till to the unsaturated Great Miami 

Aquifer was allowed. Vertical hydraulic conductivity of the gray till was varied so that the model 

predicted steady state water levels were in agreement with the historical water levels at the site. 

Figure 1-1 1 shows the model predicted steady state ground water elevations for the vertical hydraulic 

conductivity of 4 x lom7 c d s e c  for the gray till. These are in general agreement with the historical 

water level observations at the site. Lower hydraulic conductivity results in higher predicted water 

levels and visa versa. Spatial agreement between observed and predicted water levels can be 
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improved by varying the infiltration rate on a block by block basis. However, further model 

refinement of this type was not justifiable based on the quality and quantity of data available. 

I. 1 S . 2  

As noted in Section I. 1.2.4, horizontal hydraulic conductivity of Layer 2 was optimized by running 

MODINV on a subregion by subregion basis. The area of interest was divided into six subregions, as 
identified in Figure 1-3. A typical MODINV run for a subregion may take from 1 to 6 days on a 

486/40-MHz personal computer. The MODINV was set to optimize on hydraulic Conductivity of 

Layer 2 by minimizing the differences between model predicted and observed water levels. Modeling 

was done is two stages as field data became available. 

Horizontal Hvdraulic Conductivity of Laver 2 

Figure 1-12 shows the optimized values of hydraulic conductivities for the model Layer 2. The 

general distribution of high hydraulic conductivity is similar to the initial estimate based on kriging of 

coarse grained soils in the till. However, there were some areas where hydraulic conductivity 

estimates were revised significantly. Figure 1-13 and Table 1-4 present the relative difference, 

expressed as orders of magnitude difference, between initial estimate and the MODINV optimized 

hydraulic conductivities for Model Layer 2. Orders of magnitude differences were calculated as the 

difference between logarithmic values of optimized and initial values of hydraulic conductivities. A 

value of 1.0 in Figure 1-13 indicates that the optimized value is 10 times (an order of magnitude) 

higher than &e initial value. On the other hand, a value of -1.0 in Figure 1-13 indicates that the 

optimized value is 10 times less than the initial value. 

The horizontal hydraulic conductivity for Layer 2 range from 2 x lo7 to 0.3 cdsec.  The majority of 

the area has hydraulic conductivity value of 2. x ios cdsec,  which is typical of silt and clay in glacial 

till deposits. The geotechnical investigation indicate that average vertical hydraulic conductivity of 

brown till is 1.2 x lod cdsec,  which is an order of magnitude lower than estimated horizontal 

hydraulic conductivity. An order of magnitude difference between horizontal and vertical hydraulic 

conductivity in a till deposit is reasonable. This indicates that a network of fractures may not be 

dominating horizontal flow at the interface except possibly in isolated locations. 
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TABLE 1-4 

INITIAL AND OPTIMIZED HORIZONTAL HYDRAULIC CONDUCTNITIES OF 
THE BROWN/GRAY TILL INTERFACE (MODEL LAYER 2) 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=) Change (cdsec) 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

2.89E-05 

3.30E-05 

5.72E-05 

5.72E-05 

5.72E-05 

5.72B-05 

5.72E-05 

5.72E-05 

5.72E-05 

5.72E-05 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

5.72E-05 

5.72E-05 

5.72E-05 

4.45E-05 

4.45E-05 

5.37E-05 

1.76E-04 

4.57E-05 

6.40E-05 

6.49E-05 

3.54E-05 

3.67E-05 

2.56E-05 

1.72E-05 

5 .O8E-05 

1 25E-03 

8.85E-05 

128 1.43E-03 

~\CRU2PREDESIGMP-nT~.I4Vu3.26. 1995 1: 13pm 

2.42E-06 

1.48E-07 

4.80E-05 

8.43E-05 

2.04E-04 

3.38E-03 

5.76E-05 

5.90E-04 

2.93E-04 

1.86E-01 

2.60E-0 1 

2.24E-0 1 

2.24E-06 

2.31E-02 

7.77E-03 

8.56E-07 

1.70E-04 

4.19E-05 

5.04E-05 

2.77E-05 

2.72E-05 

3.72E-05 

9.56E-07 

1.17E-05 

3.73E-05 

1.28E-03 

1.80E-04 

1.35E-03 

1-35 

-1.08 

-2.35 

-0.08 

0.17 

0.55 

1.77 

0.00 

1.01 

0.71. 

3.51 

3.66 

3.59 

-1.41 

2.72 

2.24 

-1.80 

-0.01 

-0.04 

-0.10 

-0.37 

-0.11 

0.01 

-1.43 

-0.17 

-0.13 

0.01 

0.31 

-0.02 

000883 
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TABLE 1-4 
(Continued) 

~ ~~~~ 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cdsec> Change (cdsec) 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

3.19E-04 

5.06E-05 

8.34E-05 

9.80E-05 

1.72E-05 

4.33E-05 

3.05E-05 

3.7 lE-05 

4.79E-05 

2.08E-04 

6.13E-05 . 

2.11E-04 

1.72E-05 

2.98E-05 

6.11E-05 

4.11E-05 

2.50E-04 

9.93E-04 

5.35E-04 

1.05E-03 

8.48E-05 

3.14E-04 

1.46E-04 

3.65E-05 

2.24E-04 

3.87E-05 

9.08E-05 

3.48E-05 

3.36E-05 

c 

2.85E-04 

4.50E-05 

7.22E-05 

2.17E-06 

1 S3E-05 

2.95E-05 

3.12E-05 

3.82E-05 

6.54E-05 

1.25E-01 

3.18E-02 

2.95E-03 

2.04E-05 

4.28E-05 

4.85E-05 

5.60E-05 

2.18E-04 

1.36E-03 

1.92E-03 

3.85E-02 

6.71E-06 

1.26E-02 

5.09E-02 

7.17E-05 

2.78E-04 

1.04E-04 

2.62E-02 

. 5.29E-05 

4.00E-05 

1-36 

-0.05 

-0.05 

-0.06 

-1.65 

-0.05 

-0.17 

0.01 

0.01 

0.14 

2.78 

2.71 ' 

1.15 

0.07 

0.16 

-0.10 

0.13 

-0.06 

0.14 

0.55 . 

1.57 

-1.10 

1.60 

2.54 

0.29 

0.09 

0.43 

2.46 

0.18 

0.08 
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TABLE 1-4 
(Continued) 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=)  Change (cdsec) 

158 3.97E-05 . 3.60E-05 -0.04 

159 4.79E-05 4.48E-05 -0.03 

160 8.96E-05 5.37E-06 -1.22 

161 2.32E-04 2.83E-02 2.09 

162 6.54E-05 3.30E-03 1.70 

163 5.80E-04 2.66E-04 -0.34 

164 2.73E-04 6.04E-07 -2.66 

165 4.91E-05 4.29E-06 -1.06 

166 2.79E-05 3.43E-05 0.09 

167 

168 

169 

170 

171 

172 

173 

174 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 a 211 

3.38E-05 

3.39E-04 

1.98E-04 

3.24E-05 

2.50E-04 

1.84E-04 

5.45E-04 

1.04E-04 

4.82E-05 

1.82E-04 

2.35E-05 

2.35E-05 

2.35E-05 

3.04E-05 

4.16E-05 

2.35E-05 

2:35E-05 

2.35E-05 

2.35E-05 

6.23E-05 

3.62E-03 

3.20E-04 

2.67E-05 

2.36E-05 

1 ZE-03 

1.44E-04 

8.00E-05 

1.36E-05 . 

5.99E-06 

6.02E-06 

7.99E-07 

1.5OE-05 

3.22E-05 

4.16E-05 

2.35E-05 

1.36E-05 

1.14E-06 

1.04E-06 

0.27 

1.03 

0.21 

-0.08 

-1.03 

0.83 

-0.58 

-0.12 

-0.55 

-1.48 

-0.59 

-1.47 

-0.19 

0.02 

0.00 

0.00 

-0.24 

-1.31 

-1.35 

212 2.89E-05 2.89E-05 0.00 
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TABLE 1-4 
(Continued) 

~~ ~ 

Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

( c d = )  Change (cdsec) 

Zone Initial Estimate optimized Estimate of 

213 2.73E-05 

214 2.35E-05 

215 2.35E-05 

216 2.35E-05 

217 2.25E-05 

218 9.95E-05 

219 1.19E-03 

220 1.35E-04 

22 1 2.35E-05 

301 2.12E-05 

302 2.10E-05 

303 2.24E-05 

304 2.10E-05 

305 2.10E-05 

306 2.10E-05 

307 2.14E-05 

308 2.16E-05 

309 2.10E-05 

3 10 2.10E-05 

311 2.10E-05 

312 2.10E-05 

313 2.10E-05 

314 2.31E-05 

3 15 2.27E-05 

316 2.19E-05 

3 17 2.18E-05 

318 2.10E-05 

3 19 2.10E-05 

320 2.10E-05 
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2.73E-05 

2.35E-05 . 

2.35E-05 

2.35E-05 

2.24E-05 

9.95E-05 

1.19E-03 

1.35E-04 

2.35E-05 

2.20E-05 

2.10E-05 

2.24E-05 

2.10E-05 

2.10E-05 

2.10E-05 

2.14E-05 

2.16E-05 

2.10E-05 

2.10E-05 

2.10E-05 

2.10E-05 

2.10E-05 

2.31E-05 

2.47E-05 

2.19E-05 

2.18E-05 

2.10E-05 

2.10E-05 

2.10E-05 

1-3 8 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.04 

0.00 

0.00 

0.00 

0.00 

0.00 
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FEMP-OU02-4 DRAFT 

July 31, 1995 

TABLE 1-4 
(Continued) 

~~ ~ ~~ ~ 

Zone Initial Estimate Optimized Estimate of Order of 
Ni l l l lk  of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=) Change (cdsec) 

321 

322 

323 

40 1 

402 

403 

404 

405 

406 

407 

408 

409 

410 

41 1 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

' @  425 

2.24E-05 

2.17E-05 

2.10E-05 

2.17E-05 

2.21E-05 

2.12E-05 

2.14E-05 

2.30E-05 

2.33E-05 

1.93E-05 

2.0 1E-05 

3.12E-05 

2.73E-05 

2.14E-05 

1.97E-05 

1.99E-05 

2.18E-05 

2.29E-05 

3 SE-05  

4.45E-05 

4.26E-05 

2.61E-05 

2.15E-05 

2.12E-05 

2.15E-05 

2.18E-05 

2.66E-05 

2.23E-05 

2.24E-05 

2.17E-05 

2.10E-05 

2.17E-05 

2.91E-05 

2.09E-05 

2.13E-05 

2.30E-05 

2.32E-05 

1.92E-05 

1.92E-05 

3.15E-05 

1 S7E-06 

1.32E-05 

3 .ME45 

2.01E-05 

2.17E-05 

2.29E-05 

4.19E-05 

7.75E-04 

2.72E-05 

1.79E-05 

1.86E-05 

1.71E-05 

2.13E-05 

2.18E-05 

2.62E-05 

2.16E-05 

426 2.10E-05 1.90E-05 

0.00 

0.00 

0.00 

0.00 

0.12 

-0.01 

0.00 

0.00 

0.00 

0.00 

-0.02 

0.00 

-1.24 

-0.21 

0.19 

0.00 

0.00 

0.00 

0.07 

1.24 

-0.19 

-0.16 

-0.06 

-0.09 

0.00 

0.00 

-0.01 

4-01 

-0.04 

F E R \ C R v 2 p R E D E s I G M n T ~ . I ~ W ~ 2 6 .  1995 1: 13pm 1-39 



FEMP-OU02-4 D M  
July 31, 1995 

TABLE 1-4 
(Continued) 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=) Change (cdsec) 

427 

428 

429 

430 

43 1 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 

450 

45 1 

452 

453 

454 

455 

2.17E-05 

2.29E-05 

2.49E-05 

2.74E-05 

2.32E-05 

2.18E-05 

2.19E-05 

1.93E-05 

2.69E-05 

2.31E-05 

3.30E-05 

3.32E-05 

2.26E-05 

2.08E-05 

2.14E-05 

2.26E-05 

2.14E-05 

2.05E-05 

1.93E-05 

1.93E-05 

2.37E-05 

2.77E-05 

4.37E-05 

3.69E-05 

2.45E-05 

2.14E-05 

2.23E-05 

2.17E-05 

2.19E-05 

1-40 

3.64E-05 

2.43E-05 

6.92E-06 

2.57E-05 

2.28E-05 

2.19E-05 

2.19E-05 

1.92E-05 

2.54E-05 

7.57E-06 

6.09E-05 

3.64E-05 

3.26E-05 

1.45E-05 

2.14E-05 

2.30E-05 

2.16E-05 

2.05E-05 

1.92E-05 

1.92E-05 

2.22E-05 

2.50E-05 

9.97E-05 

4.37E-05 

3 AE-05 

1.96E-05 

2.24E-05 

2.19E-05 

2.19E-05 

0.23 

0.03 

-0.56 

-0.03 

-0.01 

0.00 

0.00 

0.00 

-0.02 

-0.48 

0.27 

0.04 

0.16 

-0.15 

0.00 

0.01 . 

0.00 

0.00 

0.00 

0.00 

-0.03 

-0.04 

0.36 

0.07 

0.15 

-0.04 

0.00 

0.01 ' 

0.00 
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TABLE 1-4 
(Continued) 

FEMP-OUO2-4 D W  
July 31, 1995 

Zone Initial Estimate Optimized Estimate of Order of 
N U m k  of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

( C d - 3  , Change (cmlsec) 

456 

457 

458 

501 

502 

503 

504 

505 

506 

507 

508 

509 

510 

511 

512 

513 

514 

515 

516 

517 

518 , 

519 

520 

52 1 

522 

523 

524 0 525 

1.93E-05 

1.93E-05 

1.93E-05 

2.33E-05 

2.12E-05 

2.49E-05 

3.22E-05 

2.60E-05 

2.33E-05 

2.24E-05 

2.23E-05 

2.36E-05 

2.68E-05 

3.99E-05 

2.82E-05 

1.95E-05 

2.39E-05 

2.23E-05 

2.19E-05 

2.62E-05 

2.46E-05 

1.97E-05 

1.94E-05 

2.33E-05 

3 S7E-05 

2.97E-05 

2.93E-05 

5.84E-05 

526 3.91E-05 

1.92E-05 

1.92E-05 

1.92E-05 

2.97E-05 

3.16E-06 

4.93E-04 

3.55E-06 

2.72E-06 

2.33E-05 

2.29E-05 

2.98E-04 

1 -77E-06 

2.58E-05 

3.92E-05 

2.89E-05 

1.95E-05 

2.40E-05 

1.35E-04 

2.23E-06 

2.75E-06 

2.46E-05 

1.99E-05 

2.25E-05 

2.67E-06 

3 S7E-05 

2.97E-05 

2.94E-05 

5.84E-05 

3.9 1E-05 

0.00 

0.00 

0.00 ' 

0.11 

-0.83 

1.30 

-0.96 

-0.98 

0.00 

0.01 

1.13 

-1.13 

-0.02 

-0.01 

0.01 

0.00 

0.00 

0.78 . 

-0.99 

-0.98 

0.00 

0.00 

0.06 

-0.94 

0.00 

0.00 

0.00 

0.00 

0.00 

FFR\CRU2P~~IG~~~P-TDov\pp-nTAB.I-4U~26, 1995 1:13pm I 4 1  



TABLE 1-4 
(Continued) 

FEMP-OU02-4 DRAFT 
July 31, 1995 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydmulic Conductivity Hydraulic Conductivity Magnitude 

( C d W  Change (cdsec) 

527 2.27E-05 

528 2.30E-05 

529 8.48E-05 

530 2.50E-05 

53 1 4.01E-05 

532 6.18E-05 

533 2.64E-05 

534 2.28E-05 

535 2.25E-05 

536 2.32E-05 

537 2.53E-05 

538 2.30E-05 

539 2.45E-05 

540 2.93E-05 

54 1 2.64E-05 

542 2.49E-05 

543 2.36E-05 

544 2.54E-05 

545 2.16E-05 

546 2.26E-05 

547 2.07E-05 

548 1.96E-05 

549 1.98E-05 

550 2.22E-05 

55 1 2.50E-05 

552 2.33E-05 

553 2.35E-05 

554 2.59E-05 

555 2.44E-05 

~ \ C R U Z P R E D E S I G M T . I ~ W ~ ~ .  1995 1: 13pm 

080890 
1-42 

2.26E-05 

2.30E-05 

1.70E-03 

5.00E-04 

3.99E-05 

6.17E-05 

2.64E-05 

2.28E-05 

2.25E-05 

2.32E-05 

2.53E-05 

2.30E-05 

2.45E-05 

2.93E-05 

2.64E-05 

2.49E-05 

2.36E-05 

2.54E-05 

2.15E-05 

2.25E-05 

2.07E-05 

1.95E-05 

1.98E-05 

2.22E-05 

2.50E-05 

2.34E-05 

2.35E-05 

2.59E-05 

2.43E-05 

0.00 

0.00 

1.30 

1.30 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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FEMP-OU02-4 DRAFT 
July 31, 1995 

TABLE 1-4 
(Continued) 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

( cd=)  Change (cdsec) 

556 

557 

558 

559 

560 

56 1 

562 

563 

564 

565 

566 

567 0 568 

569 

570 

57 1 

572 

573 

574 

575 

576 

577 

578 

579 

601 

602 

603 

604 

605 

3.16E-05 

3.27E-05 

2.42E-05 

3.09E-05 

3.45E-05 

5.62E-05 

2.48E-05 

2.22E-05 

2.18E-05 

2.20E-05 

2.24E-05 

2.25E-05 

2.65E-05 

2.3 8E-05 

2.50E-05 

2.49E-05 

1.88E-05 

2.17E-05 

2.35E-05 

3.20E-05 

2.30E-05 ' 

2.33E-05 

2.18E-05 

2.9 1 E-05 

2.27E-05 

1.99E-05 

2.34E-05 

2.30E-05 

2.'33E-05 

FER\CRUZPREDESIGN\TDO\APP-nTAB.1-4Uuhl26. 1995 1: 13pm 

3.16E-05 

3.27E-05 

2.42E-05 

3.09E-05 

3.45E-05 

5.62E-05 

2.48E-05 

2.22E-05 

2.18E-05 

2.20E-05 

2.24E-05 

2.25E-05 

2.65E-05 

2.38E-05 

2.50E-05 

2.49E-05 

1.88E-05 

2.17E-05 

2.35E-05 

2.35E-05 

2.30E-05 

2.33E-05 

2.18E-05 

2.91E-05 

2.27E-05 

1.99E-05 

4.7 8Eh5 

3.05E-05 

2.5 1E-05 

1-43 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

-0.13 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.3 1 

0.12 

0.03 

000892i. 



FEMP-OU02-4 DRAFT 
July 31, 1995 

TABLE 1-4 
(Continued) 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

( c d = )  Change (cdsec)  

606 1.80E-05 

607 1.99E-05 

608 1.99E-05 

609 1.99E-05 

610 1.99E-05 

611 1.99E-05 

612 1.99E-05 

613 1.99E-05 

614 1.99E-05 

615 1.99E-05 

616 1.94E-05 

617 2.11E-05 

700 3.30E-04 

701 9.30E-05 

702 4.66E-05 

703 3.07E-05 

704 4.08E-05 

705 . 2.71E-04 

706 1.16E-03 

707 3.23E-05 

708 4.82E-05 

709 2.75E-05 

710 4.17E-05 

711 4.08E-05 

7 12 6.27E-04 

713 6.11E-05 

7 14 4.06E-05 

7 15 2.64E-05 

716 3.44E-05 

F E R \ C R U 2 P R E D E s I G N . I ~ ~ ~ ~ ,  1995 1: 1 3 p  
- 7  

00083Z 
1-44 

1.80E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.99E-05 

1.94E-05 

2.11E-05 

1.72E-05 

1 -72E-05 

4.66E-05 

1.13E-05 

4.0SE-05 

2.71E-04 

1.16E-03 

3.23EM 

4.82E-05 

2.75E-05 . 

4.17E-05 

4.08E-05 

6.27E-04 

6.11E-05 

4.06E-05 

2.64E-05 

3.44E-05 

0.00 

0.00 

0.00 . 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

-1.28 

-0.73 

0.00 

-0.43 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
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TABLE 1-4 
(Continued) 

FEMP-OU02-4 DRAFT 
July 31, 1995 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=)  Change (cdsec) 

7 17 5.32E-05 

718 3.84E-04 

7 19 

720 

2.01E-04 

1.14E-04 

721 8.47E-05 

722 2.27E-04 

723 1.79E-05 

724 

725 

726 

727 

728 

729 

730 

73 1 

4.58E-04 

1.14E-04 

1.36E-04 

1.85E-04 

7.66E-05 

4.43B-05 

4.30E-05 

8.2 1E-05 

732 1.07E-04 

733 1.79E-05 

734 8~68E-04 

735 3.87E-04 

736 3.87E-04 ' 

737 3.88E-04 

738 9.24E-05 

739 4.52E-05 

740 8.42E-05 

741 4.85E-04 

742 1.08E-04 

743 0 744 

3.06E-05 

1.79E-05 

745 9.87E-05 

5.32E-05 

3.84E-04 

2.01E-04 

1.19E-04 

1.17E-04 

3.13E-04 

7.46E-06 

2.05E-01 

4.56E-02 

5.42E-02 

8.30E-03 

3.7 1E-05 

4.26E-05 

9.7 8E-03 

4.05E-03 

1.72B-04 

2.37E-06 

2.65E-01 

3.43E-02 

2.09E-02 

4.72E-04 

3.22E-06 

5.76E-05 

1.85E-06 

9.72E-03 

1.04E-03 

7.10E-05 

8.67E-05 

1.15E-06 

0.00 

0.00 

0.00 

0.02 

0.14 

0.14 

-0.38 

2.65 

2.60 

2.60 

1.65 

-0.31 

-0.02 

2.36 

1.69 

0.21 

-0.88 

2.48 

,- 1.95 

1.73 

0.09 

-1.46 

0.11 

-1.66 

1.30 

0.98 

0.37 

0.69 

-1.94 

~\CRUZPREDESIGMTW~P-APP-nTAB.I~W~26. 1995 1:13pm 1-45 
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FEMP-OU02-4 DRAFT 
July 31, 1995 

TABLE 1-4 
(Continued) 

~~ 

Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

( cd=>  Change (cdsec) 

Zone Initial Estimate optimized Estimate of 

746 

747 

748 

749 

750 

75 1 

752 

753 

754 

755 

756 

757 

758 

759 

760 

76 1 

762 

763 

764 

765 

766 

767 

768 

5.02E-05 

3.29E-05 

2.63E-05 

2.43E-05 

2.56E-05 

2.54E-05 

3.05E-05 

2.80E-05 

2.40E-05 

1.79E-05 

1.79E-05 

1.40E-03 

3.53E-04 

2.41E-05 

2.42E-05 

2.28E-05 

2.26E-05 

2.28E-05 

3.28E-05 

2.20E-05 

1.79E-05 

1.79E-05 

4.72E-05 

769 3.01 E-05 

770 2.54E-05 

77 1 2.48E-05 

772 1.72E-05 

773 1 S9E-04 

774 5.29E-05 

F E R \ C R ~ ~ ~ - n T A B . I 4 U l d y 2 6 , 1 9 9 5  1:13pm 

7.40E-06 

1.13E-06 

8.11E-06 

2.15E-05 

2.45E-05 

1 S5E-05 

2.36E-06 

4.45E-06 

2.39E-05 

2.72E-05 

1.18E-04 

2.58E-03 

2.92E-04 

1.13E-05 

1.39E-05 

3.7 1E-05 

2.24E-05 

1.80E-05 

3.02E-05 

2.20E-05 

2.36E-05 

1.48E-05 

4.79E-05 

6.2 1E-05 

2.45E-05 

2.02E-05 

7.25E-07 . 

3.47E-06 

9.93E-04 

1-46 

-0.83 

-1.46 

-0.51 

-0.05 

-0.02 

-0.21 

-1.11 

-0.80 

0.00 

0.18 

0.82 

0.27 

-0.08 

-0.33 

-0.24 

0.21 

0.00 

-0.10 

-0.04 

0.00 

0.12 

-0.08 

0.01 

0.3 1 

-0.02 

-0.09 

-1.37 

-1.66 

1.27 



FEMP-OU02-4 DRAFT 
July 31, 1995 

TABLE 1-4 
(Continued) 

Zone Initial Estimate Optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

( cd=)  Change (cdsec) 

775 2.5 1E-05 

776 1.72E-05 

777 1 S5E-04 

778 3.8 1E-05 

779 2.56E-05 

780 2.33E-05 

781 1.72E-05 

782 3 .WE45 

783 2.66E-05 

784 2.21E-05 

785 

@ 786 

787 

788 

789 

790 

79 1 

792 

793 

794 

795 

796 

797 

798 

799 

800 

80 1 e 802 

2.2 1E-05 

1.72E-05 

2.45E-05 

5.24E-04 

2.79E-05 

2.3 1 E-05 

2.23E-05 

2.26E-05 

1.72E-05 

2.14E-05 

3.51E-05 

6.90E-04 

2.13E-05 

2.46E-05 

2.33E-05 

2.13E-05 

2.11E-05 

2.12E-05 

803 1.72E-05 

~\CRU2PRED~IGMTDO\APP-nTAB.I4Uuly26, 1995 1: 13pm 

1.30E-06 

9.3 1E-07 

5.19E-06 

9.85E-04 

3.06E-05 

2.42E-05 

6.97E-06 

1 S9E-06 

1.40E-06 

4.12E-04 

2.21 E-05 

1.41E-05 

1.97E-05 

5.24E-04 

1.88E-07 

5.95E-07 

1.50E-06 

2.26E-05 

1.72E-05 

2.14E-05 

3.51E-05 

6.90E-04 

2.13E-05 

2.46E-05 

2.33E-05 

2.13E-05 

2.11E-05 

2.12E-05 

1.72E-05 

1-47 

-1.29 

-1.27 

-1.48 

1.41 

0.08 

0.02 

-0.39 

-1.28 

-1.28 

1.27 

0.00 

-0.09 

-0.09 

0.00 

-2.17 

-1.59 

-1.17 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



FEMP-OUOW DRAFT 
July 31, 1995 

TABLE 1-4 
(Continued) 

Zone Initial Estimate optimized Estimate of ' Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=) Change (cdsec) 

804 2.13E-05 

805 2.14E-05 

806 2.11E-05 

807 2.09E-05 

808 2.05E-05 

809 2.02E-05 

810 2.04E-05 

811 1.72E-05 

8 12 5.25E-05 

813 1.77E-04 

814 5.59E-05 

815 2.13E-05 

816 2.12E-05 

8 17 2.02E-05 

818 2.12E-05 

819 1.72E-05 

820 2.73E-05 

821 3.43E-05 

822 3.09E-05 

823 2.41E-05 

824 2.22E-05 

825 2.12E-05 

826 3.22E-05 

827 6.35E-05 

828 4.07E-05 

829 2.89E-05 

830 2.52E-05 

83 1 3.43E-05 

832 3.14E-05 

F E R \ C R U 2 P R E D E s I G M n T ~ . I ~ ~ ~ ~ ,  1995 1: 13pm 

(98C896; 

2.13E-05 

2.14E-05 

2.11E-05 

2.10E-05 

2.05E-05 

2.01E-05 

1.98E-05 

1.72E-05 

5.25E-05 

1.77E-04 

5.59E-05 

2.13E-05 

2.12E-05 

2.02E-05 

2.12E-05 

1.72E-05 

2.73E-05 

3.43E-05 

3.07E-05 

2.41E-05 

2.22E-05 

2.12E-05 

3.22E-05 

6.4 1 E-05 

4.07E-05 

2.89E-05 

2.46E-05 

3.34E-05 

3.14E-05 
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0.00 
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TABLE 1-4 
(Continued) 

Zone Initial Estimate optimized Estimate of Order of 
Number of Hydraulic Conductivity Hydraulic Conductivity Magnitude 

(cd=) Change (cdsec) 

833 

834 

835 

836 

837 

838 

839 

840 

84 1 

842 

843 

844 

845 

846 

847 

848 

849 

850 

85 1 

852 

853 

854 

855 

856 

857 

858 

859 e 

3.05E-05 

4.20E-05 

3.59E-05 

3.20E-05 

3.4 1E-05 

2.28E-05 

2.30E-05 

6.04E-05 

2.76E-05 

2.37E-05 

2.36E-05 

2.23E-05 

2.27E-05 

1.08E-04 

9.30E-05 

1 -26E-04 

1.71E-04 

1.47E-04 

1 -72E-05 

1.72E-05 

2.04E-05 

1.72E-05 

3.68E-04 

2.00E-04 

5.00E-04 

1.99E-05 

1.72E-05 
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3.05E-05 

4.19E-05 
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2.76E-05 

2.36E-05 

2.39E-05 

2.06E-05 

2.11E-05 

2.48E-05 

2.11E-05 

3.13E-05 

4.98E-05 

3.98E-05 

1.72E-05 

1.72E-05 

2.04E-05 

1.72E-05 

1 S6E-04 

6.19E-05 

2.57E-04 

1.99E-05 

1.72E-05 

1-49 
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0.00 

0.00 

0.01 

0.04 

-0.01 

-0.03 

0.00 

0.00 

0.00 

0.00 

-0.03 

-0.03 

-0.64 

-0.64 

-0.61 

-0.54 

-0.57 

0.00 

0.00 

0.00 

0.00 

-0.37 

-0.51 

-0.29 
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areas (shown as hatched areas) where hydraulic conductivity exceeds 2 x 10-4 cdsec  across the 

footprints of area under consideration for locating disposal cell. In other words, inverse modeling 

indicates a potential coarse grained lense or fractured zone crossing the boundaries of the proposed 

disposal cell. Other than these, two small, discontinuous lenses may also exist under the area under 

consideration for locating disposal cell and one under the contingent area for additional waste. 

Therefore, glacial till underneath the area under consideration for locating disposal cell is relatively 

free from a continuous perched water aquifer in good hydraulic communication. These results are 

consistent with the solid block modeling result, which also predicts that coarse material are only 

present in isolated pockets. Therefore, potential for horizontal migration of contaminated leachate, if 

it goes beyond the linear and leachate collection system, is limited. Some areas under the production 

area (not under consideration for locating the disposal cell) may have extensive coarse grained 

material or fractured media (see Figure 1-12). 

I. 1.6 Conclusions 

Inverse modeling should only be considered as an attempt to estimate gross characteristics of the till 

and helps to prevent fatal flaws in the disposal cell design. The following conclusions can be drawn 

from the inverse modeling results: 

- Average vertical hydraulic conductivity of the gray till was estimated to be approximately 4 
x lo-' cdsec.  Geotechnical investigations have indicated that the vertical hydraulic 
conductivity of the gray till ranges from 7 x 10-9 to 9.2 x lo8 cdsec.  Furthermore, the 
geometric mean value of previous slug tests calculated horizontal hydraulic conductivity 
was 1.9 x 106 cdsec,  which can be order of magnitude higher than vertical hydraulic 
conductivity. The Feasibility Study models for OU-2 used 1.9 x 106 cdsec  as vertical 
hydraulic conductivity which was a conservative assumption allowing more infiltration. 

- Inverse modeling predicted that the horizontal hydraulic conductivity at the brown and gray 
till interface is approximately 2 x lo5 cdsec  for the area being considered for the disposal 
cell location (Figure 3-2). This is within the range of typical hydraulic conductivity for till 
and silty soils (Freeze and Cherry, 1979). This indicates that a network of fractures may 
not be dominating horizontal flow in the perched water system under the proposed disposal 
cell. 

- The results of inverse modeling indicate that beneath the area under consideration for the 
disposal cell there are two subareas with potentially high permeability at the browdgray till 
interface that are approximately 100 to 200 feet in areal extent and two subareas of 
potentially higher permeability that may be 500 to lo00 feet in areal extent (Figure 1-2). 
(Note that smallest model grid spacing is 100 feet and only permeability at the browdgray 
till interface was estimated.) These areas are underlain by gray till of significantly lower 
hydraulic conductivity. These areas need consideration during the final design of the 
disposal facility. Outside the area under consideration for disposal facility and area under 
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the production facility, there are several zones of potentially higher permeability at the 
browdgray till interface. 

- Inverse modeling identified two subareas beneath the area under consideration for the 
disposal cell where a higher permeability zone is not fully contained within the area under 
consideration. Locations of these two zones are consistent with the geotechnical data. 
Model indicates that if engineering design does not restrict groundwater flow in these two 
zones then potential exits for leachate to migrate horizontally away from the disposal cell. 
Outside the disposal cell, infiltration potential is higher than under the disposal cell. 
Therefore, in these areas potential exists for contaminants to reach the Great Miami Aquifer 
faster than elsewhere. Also note that these two areas are underlain by more than 30 feet of 
low permeability gray till. These two areas need further evaluation during the design. 
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V A R I AN CE (I ncl u de j 11 s t i fic a t ion) : 

Requirement: The Project Specific Plan For Phases I and I1 of The Operable Unit 2 Pre-Design Field 
Investigation required that lysimeter installation meet the requirements detailed in 
ASTM D1696 and the TIKO installation methodology. which may be replaced with another 
vendors specifications. In this particular case Soil Moisture lysimeters were 
installed; therefore. Soi: Moisture specifications were applied. 

Var 1 ance : 

Justification: 

The Soil Moisture lysimeter specifications required using a 1.5 inch PVC pipe 
as casing and rise:. Rowever. since Rotosonic drilling w a s  being used to 
install the lysimeters, 2 inch PVC was used since this diameter was the 
smallest screw-type f l u s h  casing 
ava:lable. ii:sread u t  coupling connections which ws'.rld be used with '.he 1.5 
PVC. The coupling io!inectofs could possibly have gotten caught on tb.e drill 
cassing as it w a s  5e::y.t: extracted from the bore bole: there!iy. p111ir.g -he 
lysimeter out. alcng wit.h the casing. 

In order tha- the use cf the 2 inch casir.g could be facilitated. a 1 . 5  Lo 2 
inch adapter couplins was used to connect the lysimeter t o  the 2 inch casing 
Two sta:r.less steel screws were use to fasten the lysirneter to the adaFrer 
cotrp1:ny. Howe-:s:-. t.he connect.ion was not water tight: theyefore. hentoni1.e 
pellets were used inside the PVC casing to provide an adequate seal. A l l  nine 
lysimeters were ir.sralled using the aformentioned PVC cannection and bectonite 
sea:. 

The 2 inch PFC had to he used Lo avoid pocentially p u l l i n g  the lyslmete? from 
the berehole whale exrracting the drill casing. The use of bentonite is 
adequate for sea:ing the c3nnect:m since bentonite is used as B seal-ng plug 
for well installation 
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VARIANCE (Include justification): 

lequi remen t : 

Jarlance: 

Justi f i cat ion : 

The Project Specific Plan for Fhased I and I1 of The Operable Unit 2 Pre-Design Fie1 
Investigation required that lysimeter installation meet the requiremenrs detailed in 
ASTM D4696 and the T I K O  installation methodology. which may be replaced with another 
vendors specifications. In this particular case Soil Moisture lysimeters were 
installed; therefore. Soil Moisture specifications should be applied. 

Prior to lysimeter installation the lysimeters are supposed to undergo pressure 
testing. This is in accordance to the ASIM standard and the manufacturers 
specifications. .However. the nine lysimeters installed during Phase I1 of the CRU2 
Pre-Design Investigation were installed without testing. Consequently, three 
lysimeters were installed. l1leS. 11489. 11690 which can not hold the vacuun.needed to 
extract a sample. Therefore. three additional lysimeters will be installed in place 
of the non-functional lysimeters. These additional lysimeters. 11557, 11558. 11555 
wil: follow all manufacture res:ing. installations specifications. and established 
drilling protocol with continucus lithologic description. 

The additionnl lvsimeter i n s t a i l a t i o n s  are necessary to fac:litate the collection o f  
needed data. 

APPROVED BY: c 7  

Date: 
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I Date: 2-15-95 
~~ 

4ARIANCE (Include justification): 
t 

Requirement: Table 8-5 of the Project Specific Plan for Phases I and 11 of the Operable Unit 
2 Pre-Design 'Field Investigation specfied taht unit weight tests should be 
conducted for every geotechnical sample colllected and sent to the laboratory. 

Variance: Unit weight tests were not conducted on samples with only indcx properties 
tests. 

Just ilicrition: PARSONS, the A and E responsible for the design of the disposal frrcility, 
rccmiiiiieiitlcd that the unit  weight tests bc climinatcd for the following: 

1. Conducting unit weight tests for every geotechnical samplc 
would require Shelby Tube sampling; thercforr: Iiiiiitiiig the 
requirement to only lriaxial permahility te~ts ,  consolitlation 
tests would maximize the ability to visually field log the boring 
and obtain Standard Penetration Test blow counts; 

2. Unit weight information conies as a aprl of the triaxial 
compression test, traxial permeability test, and thc 
consolidation test. 

This is a change and clarification to the Project Specific Plan f o r  Phases I and 
I I  0 1  tlic Operable Unit 2 Pre-Design Field Investigation. 

APYROVEDBY 

Dat 2-2r??T && . Date :#F 
PARSON ', ogineering 

I Manager 
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VARIANCE (I  n cl ude justification): 

Requirement: 

Variance : 

Justification : 

RE(xIEsTELl BY: 

VR. NO. CRU2-5 

Page 1 of 

Date: 2-15-95 

Table 8 - 5  of the ProJect Speciflc Plan for Phase I and I1 of the Operable Unit 2 Pre- 
Design Investigation speclfied Standard Proctor and Remolded Permeabllity tests This 
requires collecting bulk samples in 10 gallon c a n s .  

The addition of performing grain size tests and Atterberg Limit tests on bulk samples 
collected for the Standard Proctor and Remolded Permeability tests. 

These tests should be conducted to obtain material classification which is imortant 
obtain correlation in the lithology. 

Date: 
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1 

Applicable Docwnt(s) and Section Wo.(S) 
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Date: 2-17-95 

iARIANCE (Include justification): 

lequ i rement : 

lariance: 

Justification : 

Page 8-27 of the Project Specific Plan of the Operable Unit 2 Pre-Design Investigation 
specified continuous split barrel sampling in advance of the hollow-stem auger €or the 
geotechnical sampling. 

A six-inch interval was augered prior to collecting a Shelby Tube sample without 
obtaining a visual description of the soil. 
described in the laboratory. 

The augering of the six inch interval prior to collecting a Shelby Tube sample was 
conducted to minimized the potential for sample disturhance. 
the Shelby Tube sample will enhance the visual description of the geotechnical boring 
location. 

The Shelby Tube sample will be visually 

The visual description to 
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VARIANCE (Include justiliciition): 

Variance: Remolded Triaxial Compression tests and Unconfined Compressive Strength 
tests were performed. 

Justification: PARSONS, the A and E responsible for the design of the disposal facility, 
recommended that the Remolded Triaxial Compression tests and the 
Unconfined Compressive Strength tests be performed to provide prcliminxy 
data for berm and foundation design. 

This is i i i i  ailclition tu thc Project Specific Plan for  P h i i x s  I and 11 0 1  thc 
Opcrahlc Unit 2 Prc-Design Ficld Invcstigation. 
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Date: 2-17-95 

V A R I AN C E ( Include just i lica t ion ) : 

Va ria 11 ce : Remolded Consolidation tests were performed which were not required by the 
Projcct Specific Plan for Phases I and 11 of the Opcrahle Unit 2 Prc-Design 
Field I nvestigation. 

.I us1 ification: PARSONS, the A and E responsible for the design o f  the disposal l;icilily, 
recommended that the Remolded Consolidation tests be performed to provide 
a neede preliminary estimate of soil settlement. 

This is ;in iitldition t o  thc Project Specific Plan f o r  Phascs I aiitl  I I  o f  lhc 
0per;rhlc Unit 2 Pre-Design Field Investigation. 
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K.0 CULTURAL AND NATURAL RESOURCES 

Prior to the initiation of intrusive sampling activities, the study area was investigated/evaluated for 

potential cultural resources (as required by Section 106 of the National Historic Preservation Act), as 
well as any natural resources such as wetlands and threatened or endangered species (as required by 

the National Environmental Policy Act). Results overall indicated minimal or no impact as data 

recovery would be performed on the three cultural resource sites as discussed below prior to the 

initiation of construction activities. Additionally, restoratiodmitigation activities would be completed 

to offset any natural resource impacts. Sections 1.1 and 1.2 provide details of the cultural resource 

investigations and natural resource evaluation, respectively. 

K. 1 CULTURAL RESOURCE INVESTIGATIONS 

Population and cultural growth of an area are determined by factors such as geologic setting, surface 

waters, soils, vegetation, and climate. The FEW site and surrounding area are located within a 4.8- 

kilometer (3-mile) wide subterranean valley formed as a result of Pleistocene glaciation. 

Additionally, the FEMP site and surrounding area are located near the Great Miami River, which 

provided a source of water for early residents. Historically, these combined factors made the FEMP 

site and surrounding area desirable as a settlement place. As a result of this desirability, the area is 

rich with diverse cultural/archaeological resources. 

a 

As part of the Part I cultural resource in&stigation, literature reviews were conducted to identify 

previously inventoried cultural resources located within one kilometer of the study area. This 

information was used to access the data from previous cultural resource investigations in the vicinity 

and to provide information on the potential types and locational parameters of cultural resource sites 

in the region. The literature search included a review of the National Register of Historic Places 

(NRHP), the Ohio Archaeological Inventory, and the Hamilton County archaeological files and maps 

at the Ohio Historic Preservation Oftice. 

Controlled surface collections were then conducted in the study area. The study area was 

systematically surveyed using 15-meter (49.2-foot) increment transects. Shovel tests (small 

excavations approximately 40 centimeters square) were excavated along each transect at 15-meter 

(49.2-foot) intervals. Each shovel test was profiled, and soil descriptions were documented. All 
shovel tests were backfilled following documentation. If prehistoric or historic items older than 50 

a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

P 

21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 

F E R \ C R U 2 \ P R E D E S I G M . ~ ~ 2 6 ,  1995 1258pm K-1 
0 0 0 So8 



FEMP-OU02-4 DRAFT 
July 31, 1995 

years were recovered from a shovel test, then additional shovel tests were excavated as needed in 

order to define cultural resource site boundaries. Additional tests were conducted at 5-meter (16-foot) 

intervals in the four cardinal directions from all original positive tests. Field maps were drawn to 

illustrate the locations of the positive tests and notes were kept for each test describing the location, 

soils, surface vegetation and limits of excavations. 

All materials recovered from the Part I cultural resource investigations were transported to the 

designated cultural resource contractor’s (Gray & Pape, Inc.) laboratory for processing, analysis, and 

temporary curation. Artifactual materials recovered were assigned field specimen numbers, based on 

recovery provenance and temporarily stored at Gray & Pape, Inc. 

Detailed analysis of the artifacts was completed using a binocular microscope under low 

magnification, consulting the literature, and comparing attributes of the recovered artifacts with those 

provided in the literature. Standard topological methods were then applied as a prelude to 

chronological reconstruction. Artifacts were assigned dates through comparison of the identified 

artifacts with others having documented use-popularity patterns and datable advancements in 

manufacturing technologies. Artifacts from the study area were also examined on the basis of 
function in an attempt to establish use patterns and the nature of the site. 

A Part I Management Report was prepared in accordance with NHPA implementing guidelines 

(36 CFR Part 800), to provide the State Historic Preservation Offce (SHPO) with 1) the inventory, 2) 

statement of cultural resource significance, 3) data sufficient to evaluate the processes by which 1 

and 2 were determined, and 4) recommendations for the management of cultural resources. 

The Part I cultural resource investigations in the study area identified 20 prehistoric and 3 potential 

historic sites. The prehistoric sites are lithic scatters or isolated finds. The three historic sites include 

two with surface and/or subsurface features. These two sites seemed to be homestead remnants; the 

third site seemed to represent secondary trash deposition away from the homelot area. 

As recommended by SHPO following review and approval of the Part I Management Report, Part 11 

cultural resource investigations were conducted in April and May 1995 on six of the twenty-six sites 

as depicted in Figure K-1. These investigations were conducted to assess the eligibility of the sites 

for the NRHP. Part II cultural resource fieldwork consisted of shovel tests and unit excavations. The 
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a shovel tests measured 40 by 60 centimeters. The units typically measured one by one or one by two 1 

meters. The objective of the unit excavations was to determine the presence and nature of intact, sub- 

plowzone deposits and/or features. Features were'encountered and further work has been 

recommended on three of the six sites (i.e., sites 2, 3, and 5 as identified in Figure 1-1). All original 

notes, forms, negatives, and maps were retained by Gray & Pape, Inc. for future curation with the 

2 

3 

4 

5 

artifact collections. Curation of project data will be done in accordance with 36 CFR Part 79, 

"Curation of Federally-Owned and Administered Archaeological Collections. " 

A Part II Management Report was drafted for SHPO approval. The report includes a discussion of 

the research methods, resource descriptions, site dimensions, a literature review, tabulation and 

quantification of site data, and a concise summary regarding any further work (Le., Part 111 - Data 

RecoveryIMitigation). As introduced above, the Part II cultural resource investigations identified the 

need for data recovery on three of the six sites. Consultation with the SHPO will occur to determine 

if this work (Le., Part III data recovery) is necessary. At this time, Part 111 cultural resource 

fieldwork on three of the six sites is anticipated; a determination regarding any further work will be 

made by the SHPO following the issuance of the Part II Management Report. The Part II 
Management Report was delivered during a visit to the SHPO on May 23, 1995. The SHPO will 

make a determination within 30 days. It is expected that the SHPO will concur with performing data 

recovery on the three sites. Any data recovery activities will be completed prior to the construction 

of the disposal facility; hence, no impact on cultural resources would occur. 

K.2 NATURAL RESOURCE EVALUATION 

As part of the Operable Unit 2 FS, an evaluation of potentially affected natural resources (Figure K-2) 

was conducted. The study area lies within an area of the F E W  site that possesses minimal habitat. 

The introduced grassland/leased pasture and,old field habitat that would be impacted (Le., lost) as a 

result of construction and operation of a disposal facility are generally inhabitated by small mammals 

and several species of birds. Restoration of this approximately 80-acre area would be uncomplicated 

as compared to most habitats (e.g., forested wetlands, early/mid-successional and riparian woodlands) 

on the FEMP site and completed by regrading and revegetating with grass species. 

The Wetlands/Floodplain Assessment that was conducted for the Operable Unit 2 Remedial Action 

identified less than an acre of drainage ditchkwale wetlands that would be impacted (Figure K-3). 
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Appropriate documentation was prepared for these potential wetland impacts. Mitigation of wetland 1 

impacts will completed in accordance with 404(b)(l) guidelines of the Clean Water Act following 

completion of remedial activities. 3 
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