WSRC-TR-2007-00283
Revision 0

KEY WORDS:
F-Area Tank Farm
Hydrogeologic Data
Vadose Zone
Saturated Zone

Hydrogeologic Data Summary
In Support of the F-Area Tank Farm (FTF)
Performance Assessment (PA)

Authors

Margaret R. Millings
Gregory P. Flach

July 2007

Washington Savannah River Company
Savannah River National Laboratory
Aiken, SC 29808

Savannah River National Laboratory
Washington Savannah River Company

Savannah River Site
Aiken, SC 29808

Prepared for the U.S. Department of Energy Under
Contract Number DE-AC09-96SR18500 S n N L




DISCLAIMER

This report was prepared for the United States Department of Energy
under Contract No. DE-AC09-96SR18500 and is an account of work
performed under that contract. Neither the United States Department of
Energy, nor WSRC, nor any of their employees makes any warranty,
expressed or implied, or assumes any legal liability or responsibility for
accuracy, completeness, or usefulness, of any information, apparatus, or
product or process disclosed herein or represents that its use will not
infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, name,
manufacturer or otherwise does not necessarily constitute or imply
endorsement, recommendation, or favoring of same by Washington
Savannah River Company or by the United States Government or any
agency thereof. The views and opinions of the authors expressed herein do
not necessarily state or reflect those of the United States Government or
any agency thereof.



WSRC-TR-2007-00283
Revision 0

KEY WORDS:
F-Area Tank Farm
Hydrogeologic Data
Vadose Zone
Saturated Zone

Hydrogeologic Data Summary
In Support of the F-Area Tank Farm (FTF)
Performance Assessment (PA)

Authors

Margaret R. Millings
Gregory P. Flach

July 2007

Washington Savannah River Company
Savannah River National Laboratory
Aiken, SC 29808

Savannah River National Laboratory

Washington Savannah River Company
Savannah River Site

Aiken, SC 29808

Prepared for the U.S. Department of Energy Under

Contract Number DE-AC09-96SR18500 S n N L




July 2007 WSRC-TR-2007-00283
: Page ii

REVIEWS AND APPROVALS

Authors:

MAAW . /(/{L%_ﬁo 7’/27‘/0—?-

M. R. Millings, SRNL Environmental Restoration Technologies Section Date
7.0 "7/,
27/o7
G. P. Flach, SRNL Environmental Restoration Technologies Section Date
Design Check:

W.E. Jzﬁes, SRNL Environmental Restoration Technologies Section “ “Date
Approvals:
Mf}hﬁfuw / 30/ 077
W. E. Stevens, Level 3, Waste Processing Technology Date
My T %/2/o1
M. H. Layton, $te Regulatory Integration Planning Date

=== 2 %/ /7

R. S. Aylward, Level 3f-§RNL Environmental Restoration Technology " Date




July 2007 WSRC-TR-2007-00283
Page iii

TABLE OF CONTENTS

1.0 PURPOSE ... oo 1

2.0 EARLY CHARACTERIZATION WORK (US ARMY CORPS OF
ENGINEERS AND MUESER, RUTLEDGE, WENTWORTH AND JOHNSTON

CONSULTING ENGINEERS)......ciciiiieiiee et 1
2.1 IDENTIFICATION AND GROUTING OF THE CALCAREOUS ZONE......cccceeeviivrieeeiinreeeenennns 1
2.2 EARLY CHARACTERIZATION OF THE VADOSE ZONE AND SATURATED ZONE.............. 3

3.0 OTHER CHARACTERIZATION STUDIES......cccoci et 8
3.1 CHARACTERIZATION FOR EARTHQUAKE ANALYSES (JOHN A. BLUME & ASSOCIATES,
N[ = =1 ISR 8
3.2 SRP BASELINE HYDROGEOLOGIC INVESTIGATION......ceeeiiieieeeeeeeeeeeeeeeeeeeeeeeeeeee e 9
3.3 SGS GEOTECHNICAL CHARACTERIZATION OF F-AREA......cccvvii it 10

3.3.1 Laboratory ANAIYSES: ........cciiiiiiieieieie et 11
3.3.2 Calcareous Zone Near the FTF .. ..ottt eaee s 11
3.3.3 Calcareous Zone EISEWhere in F-Ar€a: ......cccoceevvvveee e i 11
3.3.4 Tan Clay Confining Zone (TCCZ): ....ccvveiieiieie e, 12
3.3.5 UNdisturbed VadoSe ZONE: .......coocuviiiiiiiiiee ettt 15
3.3.6 STUCKTURAL Lz oottt r e s e e e e s srr e e e e e earees 16

4.0 FLOW IN THE VADOSE ZONE .....ooooiitiii et 16
4.1 HASKELL AND HAWKINS (1964) .....ccvveieiieiieeie ettt ete st 17
4.2 HORTON AND HAWKINS (L1965) .....viiviiiiiieiiieiesiie et 17
4.3 HAWKINS AND HORTON (L1967) ..evveivieieiieiie et se ettt 18

4.4 COMPARISON OF EARLY STUDIES WITH RESULTS FROM NUMERICAL SIMULATIONS 18
4.5 COMPARISON OF RECOMMENDED VADOSE ZONE PROPERTIES TO DATA FROM

GRUBER (1981) AND QUISENBERRY (1985) .....cuiiiiiiiiiiiie et 19
4.6 LOWER ZONE SOIL PROPERTY CURVES.......coiiiiiitiriisiisieiesiesie sttt sne e 21
5.0 FLOW IN THE SATURATED ZONE .....cccooiiiiiiiiiieeee e 21
5.1 HISTORICAL HYDRAULIC CONDUCTIVITY DATA .....oiiiiiiiieienie et 21
6.0 DISCUSSION AND SUMMARY ....ooiiiiiiiiie ettt 25

7.0 REFERENCES.........ooi ot 27



July 2007 WSRC-TR-2007-00283
Page iv

LIST OF TABLES
TABLE 1: SUMMARY OF C2 LAYER IDENTIFIED BY MUESER, RUTLEDGE, WENTWORTH &

JOHNSTON CONSULTING ENGINEERS AND TCCZ PICKS FROM NEARBY CPTS ............. 7
TABLE 2: FINE-GRAINED LAYERS CORRESPONDING TO TCCZ IN DH-4 AND DH-5

=041 L R 9
TABLE 3: SUMMARY OF LITHOLOGIC LOG FORP28TA .....ovviiiiitieee ettt 10
TABLE 4: FTF TAN CLAY COMPARISON...cciiiiiiiiiitttriiieie e s s s isisbrriee s e s e s s ssisbbrees s e s s s s s ssssssenssas 13

TABLE 5: SUMMARY OF TCCZ IDENTIFIED IN SGS GEOTECHNICAL BORINGS IN F-AREA 14

TABLE 6: COMPARISON BETWEEN RECOMMENDED SOIL PROPERTY VALUES FROM PHIFER
ET AL. (2006) AND VALUES PRESENTED BY INTERA (1986) ......cccvevvviveircierieeiene 20

TABLE 7: SUMMARY OF SATURATED HYDRAULIC CONDUCTIVITY (CM/S) .ccvvieiaiiniiennnnn, 23

LIST OF FIGURES
FIGURE 1: BIOMOLDIC LIMESTONE RECOVERED DURING FOUNDATION GROUTING
OPERATIONS PRIOR TO EXCAVATION FOR TANKS 25-28 AND 44-47 IN 1975 (MUESER,
RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING ENGINEERS, 1975B)............... 30
FIGURE 2: MAP MODIFIED FROM MUESER, RUTLEDGE, WENTWORTH & JOHNSTON
CONSULTING ENGINEERS (1975A) DRAWING SHOWING MAPPED SINKS AND DRAINAGE
FEATURES NEAR FTF ..o 31
FIGURE 3: EXPLORATORY BORINGS FOR TANKS 25-28 AND 44-47 (MODIFIED FROM
MUESER, RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING ENGINEERS 1975A);
RED CIRCLES INDICATE CRITICAL BORINGS WHERE THEY SAW SIGNIFICANT MUD
LOSSES, ROD/CASING DROPS, AND GROUT UPTAKES ....ccuviuiiieieiesiesiesiesiesiesseeseeeenens 32
FIGURE 4: GEOLOGIC CROSS-SECTION SHOWING CALCAREOUS ZONE (SHADED PINK)
BENEATH TANKS 46 AND 27 (MODIFIED FROM DRAWING NO. 1 IN MUESER, RUTLEDGE,
WENTWORTH & JOHNSTON CONSULTING ENGINEERS 1975B).....cccvviiiiieniinniinienens 33
FIGURE 5: SUMMARY OF FOUNDATION GROUTING ACTIVITIES FOR TANKS 25-28 AND 44-47
(FIGURE MODIFIED FROM PLATE NO.4 IN MUESER, RUTLEDGE, WENTWORTH &
JOHNSTON CONSULTING ENGINEERS 1975B; BOXES WITH CROSSES INDICATE GROUT
HOLE LOCATIONS AND NUMBERS SIGNIFY QUANTITY OF GROUT IN CUBIC FEET
ACCEPTED IN EACH HOLE ...tveivieieesiee ettt ne e nee e 35
FIGURE 6: GEOLOGIC CROSS-SECTION SHOWING CALCAREOUS ZONE (SHADED PINK)
BENEATH PROPOSED TANK 54 AND FUTURE TANKS 46 AND 27 (MODIFIED FROM
DRAWING NO. 2 IN MUESER, RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING
ENGINEERS 1977 .tieitieie ettt ettt et an e saa e e sne e snaenaesnaennaeneenneas 36
FIGURE 7: BORING LOCATION PLAN SHOWS LOCATION OF CROSS-SECTION RELATIVE TO
TANKS 25-28 AND 44-47 (MODIFIED FROM DRAWING GS-1 IN MUESER, RUTLEDGE,
WENTWORTH & JOHNSTON CONSULTING ENGINEERS 1975A)......cccoiiiiieiienieeieens 39
FIGURE 8: CROSS-SECTION A-A (SOUTHWEST-NORTHEAST) THROUGH TANKS 25-28 AND
44-47 (MODIFIED FROM DRAWING GS-1 IN MUESER, RUTLEDGE, WENTWORTH &
JOHNSTON CONSULTING ENGINEERS 1975A) ....cviiviiiiiiiiiieieie et 40



July 2007 WSRC-TR-2007-00283
Page v

FIGURE 9: CROSS-SECTION B-B THROUGH TANKS 25-28 (SOUTHEAST-NORTHWEST)
(MODIFIED FROM DRAWING GS-2 IN MUESER, RUTLEDGE, WENTWORTH & JOHNSTON
CONSULTING ENGINEERS 1975A) ....ooiiiiiiiiiiiieeie sttt 41

FIGURE 10: CROSS-SECTION C-C THROUGH TANKS 44-47 (SOUTHEAST-NORTHWEST)
(MODIFIED FROM DRAWING GS-3 IN MUESER, RUTLEDGE, WENTWORTH & JOHNSTON
CONSULTING ENGINEERS 1975A) ..ottt 42

FIGURE 11: BORING LOCATION PLAN SHOWS LOCATION OF GEOLOGIC CROSS-SECTION A-A
RELATIVE TO THE PROPOSED TANKS 52-55 (MODIFIED FROM DRAWING GS-1 IN
MUESER, RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING ENGINEERS 1977)... 43

FIGURE 12: CROSS-SECTION A-A THROUGH PROPOSED TANKS 52-55 (SOUTHEAST-
NORTHWEST) (MODIFIED FROM DRAWING GS-1 IN MUESER, RUTLEDGE, WENTWORTH

& JOHNSTON CONSULTING ENGINEERS 1977) ...viivieiieie ettt 44
FIGURE 13: TANK BOTTOM ELEVATIONS RELATIVE TO F-AREA VVADOSE ZONE AND
WATER TABLE (FIGURE 8 IN JONES ET AL. 2007) ....vvivveiieeieiiesieee e 45

FIGURE 14: CPT FTNKC3 SUBSURFACE DATA WITH BACKFILL, LOWER VADOSE ZONE,
WATER TABLE AND WATER TABLE AQUIFER (UPPER AQUIFER ZONE) AND TAN CLAY
CONFINING ZONE (FIGURE 9 IN JONES ET AL. 2007) ...coviiiiiieeiesiiesiieie e 46

FIGURE 15: CPT LOGS FOR FTNKC16 (MODIFIED FROM FIGURE 16 IN MILLINGS 2007) .. 47

FIGURE 16: LOCATION OF 1956 RAMP AND SUBSEQUENT BACKFILLED AREA AND LOCATION
OF BORING 8 IN RELATION TO TANK 25 (MODIFIED FROM DRAWING GS-1 IN MUESER,
RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING ENGINEERS 1975A)................ 48

FIGURE 17: LOCATION OF BORINGS DH-4 AND DH-5 USED IN SUBSURFACE INVESTIGATION
BY JOHN A. BLUME & ASSOCIATES, ENGINEERS (FIGURE MODIFIED FROM FIGURE 1 IN

JOHN H. BLUME & ASSOCIATES, ENGINEERS 1971) ...ccvviiiiiieiie e 49
FIGURE 18: LocATIONS WHERE CALCAREOUS ZONE WAS IDENTIFIED IN SANTEE DURING
SGS CHARACTERIZATION WORK ... .utttiiiiiieeiiiiiiiriieeee e e s s ssiitbaeeesseessssnassssseesesessssnnnsnns 50
FIGURE 19: CPT LoGS FOR FTNKC17 (MODIFIED FROM FIGURE 17 IN MILLINGS 2007) .. 51
FIGURE 20: TCCZ AT FTINKCT .ottt ettt sabbr e e e 52
FIGURE 21: LOCATION OF CPTS USED IN TCCZ COMPARISON ON TABLE 4.....cccccevvvinnnnne. 53
FIGURE 22: FTNKB3 GRAIN SIZE DATAAND CPT FTNKC3....oiiieiieeee e, 54
FIGURE 23: FSEPB6 GRAIN SIZE DATA AND CPT FTNKCB ..o, 55
FIGURE 24: FTNKB8 GRAIN SIZE DATA AND CPT FTNKCS......ovvveiiieeiiiiiieeee e, 56
FIGURE 25: FTNKB13 GRAIN SIZE DATAAND CPT FTNKCI13....oooiiiiiiiiiiriieieeei, 57
FIGURE 26: FTNKB16 GRAIN SizE DATAAND CPT FTNKCI16.....ccoccooiviiiiieieee e, 58
FIGURE 27: GRAIN Si1ZE DATA AND CPT LOGS FROM E-AREA ILLUSTRATING UPPER AND
LOWER VADOSE ZONE ... .uuuuuuuuuuuuusssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 59
FIGURE 28: DOWNWARD MOVEMENT OF TRACER PEAK VERSUS RAINFALL FOR PLOTS 1, 2,
AND 3 IN HASKELL AND HAWKINS FIELD STUDY (1964) ....ccoeiviiiiriiriiiininiieieeceee, 60
FIGURE 29: RELATIVE PERMEABILITY AND WATER RETENTION CURVES FOR NATURAL
SOILS AS PRESENTED BY INTERA (1986) .....cveveiiiiiiiiiiiieieeee e 61
FIGURE 30: COMPARISON OF RELATIVE PERMEABILITY AND WATER RETENTION CURVES
(PHIFER ET AL. 2006 VS INTERA 1986) ......ceiviiiriiriiriieiieiieieie e 62

FIGURE 31: SOIL PROPERTY CURVES FOR LOWER VADOSE ZONE .......cevvrvriiiieeerereerrnnnnens 63



July 2007 WSRC-TR-2007-00283
Page vi

LIST OF APPENDICES
APPENDIX A: SUMMARY OF BORINGS COMPLETED NEAR FTF THROUGH 1974 (FROM
MUESER, RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING ENGINEERS 1975A) 64
APPENDIX B: SUMMARY OF FOUNDATION GROUTING ACTIVITIES FOR TANKS 25-28 AND
44-47 (FROM MUESER, RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING
ENGINEERS LO75B) ...cutiiuiiiiieiteeiiesiee st e et e ettt sttt sseesbeeae s e sbeenaesneenbeeneenneas 69
APPENDIX C: SUMMARY OF FOUNDATION GROUTING ACTIVITIES FOR PROPOSED TANKS
52-55 (FROM MUESER, RUTLEDGE, WENTWORTH & JOHNSTON CONSULTING
ENGINEERS 1977 .veeitieie ettt te et e et an e sta e e s e staenaeanaennaaneenneas 73
APPENDIX D: SUMMARY OF GRAIN SIZE AND HYDRAULIC CONDUCTIVITY DATA FOR
SAMPLES COLLECTED BY ARMY CORPS OF ENGINEERS AND ANALYZED BY SOUTH

ATLANTIC DIVISION LABORATORY (BORINGS FU-1, FU-2, FU-3) ..o, 77
APPENDIX E: ANALYTICAL LABORATORY RESULTS FOR DH-4 AND DH-5 BORING

Y= I 82
APPENDIX F: DRILLING LOG FORBORING DH-4.......ovveiiiiiiie et 89
APPENDIX G: LOGS FOR PZ2BT A ..ottt saaes 96
APPENDIX H: SUMMARY OF LABORATORY RESULTS FROM SGS CHARACTERIZATION

BORINGS IN F-AREA ...uutttitiiiiiiiiiiiiiiiibb bbb bbb bbb abassaasasasasasasasssasasnsnnns 104

APPENDIX |: SUMMARY OF REVIEWED REPORTS.....coiiiiiieiiiieiiieesiieessiieessineesninee s 112



July 2007 WSRC-TR-2007-00283
Page 1 of 115

1.0 Purpose

The goal of this report is to provide a summary of available geotechnical and
hydrogeologic data for the vicinity of the F-Area Tank Farm (FTF) in support of the FTF
Performance Assessment (PA). In particular, this report focuses on sediment
descriptions, geotechnical data (e.g., grain size analyses) and interpretations for the
vadose zone. However, it also includes potentially significant findings regarding the
saturated zone. Results from this review are consistent with current assumptions made
for the vadose zone sediments for the F-Area Tank PA modeling.

2.0 Early Characterization Work (US Army Corps of Engineers and Mueser,
Rutledge, Wentworth and Johnston Consulting Engineers)

Much of the early characterization work conducted at F-Area was performed by the US
Army Corps of Engineers in the 1950’s and by Mueser, Rutledge, Wentworth and
Johnston Consulting Engineers in the 1970’s. Other smaller studies, such as the
subsurface exploration study conducted by John A. Blume & Associates, Engineers, are
also included in this summary. Much of this work focused on geotechnical
characterization for engineering purposes (e.g., slope stability, settlement issues) not for
hydrogeologic purposes.

2.1 Identification and Grouting of the Calcareous Zone

One of the major findings of the early US Army Corps of Engineers characterization
work was the presence of subsurface calcareous zones consisting of shelly, highly porous
material. In cases where the dissolution of calcareous materials was significant, sinks or
depressions in the ground surface were observed. An overlying, loose sand was often
noted in association with these calcareous voids. Figure 1 shows an example of a
biomoldic limestone sample obtained during the foundation grouting by Mueser,
Rutledge, Wentworth & Johnston Consulting Engineers in 1975.

These calcareous zones were found in the McBean Formation (Santee Formation)
generally at depths of 100 to 200 ft (approximate elevations of 180 to120 ft msl) near F-
Area (US Army Corps of Engineers 1952a; Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers 1975a) . One of the primary concerns was the ability of these areas
to support overlying sediments and structures without significant settlement. This
concern led to characterization and foundation grouting activities performed at F-Area in
addition to other areas at the SRS.

Mueser, Rutledge, Wentworth & Johnston Consulting Engineers provided maps based on
the US Army Corps of Engineers work, which show the locations of sinks and drainage
features relative to the existing and proposed tanks at the time (Figure 2). In particular,
Tanks 1-8 appear to have been located in an area of a former sink. In 1951 the US Army
Corps of Engineers conducted foundation grouting underneath two proposed construction
areas (buildings 221 and 241) in F-Area. They drilled a total of 24 holes that were
grouted, and they pumped 8,715 cubic ft of grout into the subsurface targeting the
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calcareous zone. The largest grout consumed by one hole totaled 2,085 cubic feet. No
grout connections were found between drill holes in F-Area (US Army Corps of
Engineers 1952a; US Army Corps of Engineers 1952b).

Exploratory drilling by Mueser, Rutledge, Wentworth & Johnston Consulting Engineers
in 1974 showed similar or perhaps more severe voids beneath the proposed tanks 25-28
and 44-47. In their 1975 document, they reported (Mueser, Rutledge, Wentworth &
Johnston Consulting Engineers 1975a):

We believe the data assembled concerning the 1974 borings and the borings made
at earlier dates within the F-Area show that conditions beneath proposed tanks
Nos. 44 through 47 along the southwesterly side of the project are more severe
than data encountered beneath areas of previous construction. Although the data
available for the old borings are meager as compared with that for the recent
program, we believe more detailed information would have been recorded if
problems similar to the recent ones occurred.

Significant mud losses, drops in rods and casings, and grout uptakes were observed in
several of the exploratory borings (Figure 3). Further detailed information including mud
losses and depths of the calcareous zone for these exploratory borings and older borings
drilled near the tanks are provided in Appendix A (Mueser, Rutledge, Wentworth &
Johnston Consulting Engineers 1975a).

Foundation grouting for tanks 25-28 and 44-47 commenced in 1975 and consisted of
drilling 72 holes and testing samples for presence of calcium carbonate (based on their
reaction to hydrochloric acid) (Mueser, Rutledge, Wentworth & Johnston Consulting
Engineers 1975b). Mueser, Rutledge, Wentworth & Johnston Consulting Engineers
prepared a cross-section beneath tanks 46 and 27 based on data collected from the
exploratory borings and foundation grouting (Figure 4). During the grouting activities,
soft zones, in which blow counts were significantly less than surrounding sediments,
were encountered in some holes. These soft zones were generally underlain by
calcareous zones. Hard, shell-rich samples (e.g., Figure 1) were also observed,
particularly beneath tanks 44-47.

A summary of the grout quantities used for the foundation grouting of tanks 25-28 and
44-47 is provided in Figure 5 and in Appendix B. For tanks 25-28, most holes accepted
20 to 55 cubic ft of grout. However, in the northern half of tank 25, five holes took in
100-300 cubic ft of grout and one hole received over 2,000 cubic ft of grout. In the
southern part of tank 28, three holes accepted 900 to 3,100 cubic ft of grout. A total of
10,263 cubic feet of grout were used in the grout drill holes for tanks 25-28.

Grouting activities for tanks 44-47 were different than tanks 25-28 in that the holes either
took relatively little (24-60 cubic ft) or they accepted very large quantities of grout (up to
4,016 cubic ft). The highest quantities of grout used occurred at the center of tank 44, to
the southeast of tank 45, and to the southeast of tank 47 (over 3,000 cubic ft in each
hole). The holes with large grout uptakes accepted the grout as fast as it could be
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pumped (maximum 15 cubic ft per minute). A total of 34,476 cubic ft of grout were used
in the grout drill holes for tanks 44-47. After mapping all of the holes with the large
uptakes, intermediate holes were drilled to determine if there was a systematic
distribution of locations requiring large amounts of grout (Figure 5). However, no
correlation could be identified.

In 1976, Mueser, Rutledge, Wentworth & Johnston Consulting Engineers oversaw further
exploratory borings, sampling and grouting activities for proposed tanks 52-55, which
were to be located west of tanks 44-47. Results of this foundation investigation showed
that “the range in thickness of the calcareous deposit and the intensity of voids
encountered in this layer and immediately above it, are similar to the conditions
encountered beneath adjacent Tanks Nos. 25 through 28 and 44 through 47” (Mueser,
Rutledge, Wentworth, & Johnston 1977). A cross-section through the proposed tank 54,
and future tanks 46 and 27 illustrate the presence and continuity of the calcareous zone in
this region (Figure 6). A total of 31,472 cubic ft of grout were injected into 39 holes for
the entire grouting operation for tanks 52-55, yielding an average grout uptake of 807
cubic ft per hole. More detailed information regarding the boring locations, sampling and
grout uptakes are provided in Appendix C.

2.2 Early Characterization of the Vadose Zone and Saturated Zone

As part of the US Army Corps of Engineers foundation investigations, split-spoon
samples and undisturbed soil samples (using piston-type samplers) were collected in
various areas across the SRS. For samples collected from borings (FU-1, FU-2, and FU-
3) in F-Area, South Atlantic Division Laboratory performed classification tests
(Atterberg limits and grain size analyses) (US Army Corps of Engineers 1951) in
addition to consolidation and shear strength tests. A few samples were also analyzed for
vertical hydraulic conductivity (Kv). Results of the grain size and hydraulic conductivity
analyses are provided in Appendix D. These borings are located northwest of the present
day tanks (see Figure 2; FU-1 and FU-2 are located along line labeled B-B’; FU-3 is
located along line labeled A-A’).

Mueser, Rutledge, Wentworth & Johnston Consulting Engineers also provided early
characterization data of the subsurface including cross-sections, soil descriptions and
classifications in addition to strength and consolidation test data. Of particular
importance is that these data are based on borings and samples collected beneath the
current tanks 25-28 and 44-47 and provide one of the most extensive characterizations
beneath the F-Area tanks. Because the characterization activities were primarily for
foundation design, no saturated or unsaturated hydraulic conductivity data are available.
However, soil classifications and cross-sections provide guidance as to whether current
assumptions regarding soil types are reasonable.
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According to Mueser, Rutledge, Wentworth & Johnston Consulting Engineers, the
subsurface beneath tanks 25-28 and 44-47 could be divided into 7 general categories
(Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975a):

1. Fill (F) — it was observed in all of their borings and attributed to excavations and
previous work conducted in the area; average thickness was approximately 5 ft.

2. Silty Clay (C1) — stiff mottled red brown and purple silty clay to fine sandy clay
with trace gravel; varied in thickness between 5 and 22 ft.

3. Sand with some clay layers (S1) — brown, white and purple fine to medium sand
and clayey fine to medium sand with some clay lenses; varied in thickness
between 8-32 ft.

4. Sand (S2) - thick deposit of medium to very compacted red and brown and
orange fine to medium sand with trace silt and clay; varied in thickness between
24-72 ft with the greatest thickness on western side (particularly under tanks 45-
47).

5. Clay (C2) — stiff to hard brown and green clay with trace fine to medium sand
lenses; thickness varied up to 11 ft.

6. Clayey Sand (S3) — brown, grey, and yellow clayey sand to fine to medium sand,
trace clay, gravel, and organic material

7. Calcareous Clayey Sand (S4) - light grey, white and brown calcareous clayey fine
to coarse sand, some shell fragments; varied in thickness between 5-30 ft; some
borings indicated extensive solution of calcareous material.

Boring logs and soil classifications were used to construct three cross-sections through
tanks 25-28 and 44-47 (Mueser, Rutledge, Wentworth & Johnston Consulting Engineers
1975a). The location of each cross-section relative to the tanks is shown on the boring
location plan in Figure 7. Figure 8 shows cross-section A-A’ from southwest to northeast
crossing from tanks 45 and 46 through to tanks 26 and 27. Figure 9 shows cross-section
B-B’ from southeast to northwest through tanks 25-28. Figure 10 shows cross-section C-
C’ from southeast to northwest through tanks 44-47.

Mueser, Rutledge, Wentworth & Johnston Consulting Engineers also provided a cross-
section through the proposed tanks 52-55 (Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers 1977). Although these tanks were never constructed, the cross-
section shows the geology to the west of the tanks 44-47 based on their interpretations of
borings and soil classifications. The location of the cross-section relative to the tanks
(both future and proposed tanks) is shown on the boring location plan in Figure 11.
Figure 12 shows cross-section A-A’ from southeast to northwest through the proposed
tanks 52-55. The soils characterized along this transect were similar to those observed at
tanks 25-28 and 44-47 (see numbered sediment types described above, #1-7).
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Results of the characterization conducted by Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers are consistent with current interpretations of the subsurface at the
FTF. Material property recommendations for the undisturbed vadose zone soils at the
FTF were provided in SRNL-ESB-2007-00008 (Jones et al. 2007). These estimates were
derived from the E-Area LLWF material property values presented in WSRC-STI-2006-
00198 (Phifer et al. 2006). E-Area soil properties were recommended for the following
reasons:

e the lack of available soil property data for F-Area

e the wealth of data available for the E-Area LLWF (to include grain size data,
water retention data, geophysical logs, CPT logs, and foot-by-foot core
descriptions)

e the similarity in geology/physiography between E-Area and F-Area

e the close proximity of E-Area and F-Area

As discussed in the E-Area material property report, grain size data, visual foot-by-foot
core descriptions, geophysical logs and CPT logs indicated that the vadose zone at the E-
Area LLWF could be divided into two zones —

e an upper, finer-grained, more heterogeneous zone
e and a lower, coarser-grained zones with less heterogeneity.

For the FTF, it was recommended that the lower zone material properties be used to
represent the undisturbed vadose zone soil beneath the tanks based on excavation depths
for the tanks and available CPT logs, geophysical logs, and visual core descriptions. At
the time, only CPT logs were available and used for interpreting sediment types directly
beneath the FTF. CPT log FTNKC3 was used to illustrate the basis for the
recommendation (Figure 13 and Figure 14).

The upper zone is consistent with the strata identified as C1 and S1 by Mueser, Rutledge,
Wentworth & Johnston Consulting Engineers. C1 consisted of stiff mottled red brown
and purple silty clay to fine sandy clay with trace gravel and S1 consisted of brown,
white and purple fine to medium sand and clayey fine to medium sand with some clay
lenses. Both C1 and S1 were found associated with the other (either C1 on top of S1 as
in Figure 8 and Figure 9 or with C1 in between two S1 layers as in Figure 10 and Figure
12).

As indicated on the cross-sections for tanks 25-28 and 44-47, most of C1 and S1 would
have been excavated during construction of the tanks. The remaining undisturbed vadose
zone would consist of some S1 material (except for tanks 46 and 47) together with S2
material. S2 was characterized as medium to very compacted red and brown and orange
fine to medium sand with trace silt and clay. For tanks 25-28 and 44-47, Mueser,
Rutledge, Wentworth & Johnston Consulting Engineers concluded “The results of the
borings have shown that the soil profile beneath the tanks is largely sand except for
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occasional thin clay layers” (1975a). This is consistent with the recommendation of
using lower vadose zone material properties to represent the undisturbed vadose zone
beneath the tanks.

The strata identified as C2, a stiff to hard brown and green clay with trace fine to medium
sand lenses with a thickness up to 11 ft, is consistent with the Tan Clay Confining Zone
(TCCZ) based on sediment description, thickness and elevation. The TCCZ is referred to
as a “zone” (rather than a competent “unit”) because it is not comprised of a single clay
bed. Instead, it can consist of multiple clay-rich layers that are laterally discontinuous.
Locally, the TCCZ can be significant in retarding the movement of groundwater,
however it is still considered a semi-confining zone (Aadland et al. 1995; Denham 1999).

Mueser, Rutledge, Wentworth & Johnston Consulting Engineers primarily found a
consistent, single, competent clay layer underneath tanks 25-28 and the proposed tanks
52-55 (Figure 9 and Figure 12). Underneath tanks 44-47, the C2 layer was split into two
layers and absent at one location. Table 1 summarizes the C2 layers identified in the
cross-sections and compares them to TCCZ interpretations based on CPT logs at the FTF
and nearby foot-by-foot descriptions/geophysical logs. The C2 layers are consistent in
elevation and thickness with the picks for the TCCZ at the FTF. Of particular note, is the
fact that the C2 (or TCCZ) was not identified in the boring 14F-7U (also known as 241-
14F-7U), which was located under the existing tank 46. Also in boring 14F-6 (241-14F-
6) underneath the present day tank 47 and in boring 14F-9 (241-14F-9) underneath the
present day tank 44, the C2 clay was shown in two layers separated by 4 to 10 ft of the
sandy S2 sediment. The TCCZ appears to be present in the nearby CPT, FTNKC16
(Figure 15). It is unclear based on the CPT logs whether the TCCZ is one layer (as
originally picked) or whether it could perhaps also have smaller clay layers associated
with it. This example demonstrates the limits of CPT logs versus core samples.
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Table 1: Summary of C2 Layer identified by Mueser, Rutledge, Wentworth &
Johnston Consulting Engineers and TCCZ picks from nearby CPTs

Approximate
TCCZ thickness
or range in
thickness (ft)

TCCZ range of
Source occurrence
(elevation, ft msl)*

Cross-section A-A (GS-1 in Mueser,
Rutledge, Wentworth & Johnston ~195 to 210 ft msl 5to 10 ft
Consulting Engineers 1975a)

Cross-section B-B (GS-2 in Mueser,
Rutledge, Wentworth & Johnston ~197 to 208 ft msl 4t010ft
Consulting Engineers 1975a)

Cross-section C-C (GS-3 in Mueser,
Rutledge, Wentworth & Johnston ~190 to 210 ft msl
Consulting Engineers 1975a)

Oto 8 ft
see note?

Cross-section A-A (GS-1 in Mueser,
Rutledge, Wentworth & Johnston ~194 to 214 ft msl 4-8 ft
Consulting Engineers 1977)

CPT FTNKC3 located near tank 26

(Millings 2007) 198.5 to 204.5 ft msl 6 ft

CPT FTNKC10 located near tank 27 just
outside of excavation/concrete workslab 199.9 to 206.9 ft msl 7 ft
footprint (Millings 2007)

CPT FTNKC16 located between tanks 46
and 47 on edge of excavation/concrete 199.4 to 208.4 ft msl 9ft
workslab footprint (Millings 2007)

Ten “FTNKC” CPTs at the FTF in which

TCCZ picks were made (Millings 2007) 190.3t0 217.5 ft ms| 41091t

Notes: ft msl = feet from mean sea level

L“range of occurrence” for cross-sections and the ten “FTNKC#” CPTs means that the TCCZ was found in
this range of elevations; for the individual CPTs, the range represents the top and bottom of the TCCZ pick
based on the CPT logs.

2C2 layer was not found at 14F-7U; at 14F-6 and 14F-9 was identified as two small layers of clay, each 2-4
ft thick

One other item of note documented in the cross-sections and write-up by Mueser,
Rutledge, Wentworth & Johnston Consulting Engineers (1975a) was the existence of a
ramp that was built in 1956 to support construction of the tanks north of tanks 25-28.

The area where the ramp existed was later backfilled and subsequently included in the
1974 characterization activities. In particular, Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers noted that this area included tanks 25 and 26 and backfill may exist
below part of the bottom of tank 25 (NW portion of tank 25). They recommended that
the fill should be examined to determine whether it had been suitability compacted (to
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support the tank) or whether it should be removed and replaced with compacted fill
before tank base construction (1975a). It is unclear whether the backfill was removed
based on current available documents. Using the cross-section and characterization data
(Figure 9 and Figure 16), the backfill is approximately 10 ft thick in the northwest
quadrant of tank 25 (where boring 8 is located).

3.0 Other Characterization Studies

3.1 Characterization for Earthquake Analyses (John A. Blume & Associates, Engineers)
In 1971, John A. Blume & Associates, Engineers performed a subsurface exploration
study at F-Area and H-Area tanks to determine geotechnical properties necessary for
earthquake analyses of the storage tanks (John A. Blume & Associates, Engineers 1971).
This study involved drilling two borings in F-Area, one boring (DH-4) to the southeast of
tank 8 and the other boring (DH-5) to the west of tanks 17 and 19 (Figure 17). Samples
were collected for grain size analyses, bulk property testing (e.g., soil moisture, dry
weight density), Atterberg limits, and classification. Laboratory analyses were performed
by the Pittsburgh Testing Laboratory and Law Engineering Testing Company. Results of
these analyses are provided in Appendix E. Both borings were logged by geologists,
however only one log (DH-4) provides a clear and detailed description of sediments. The
log for DH-4 is included in Appendix F.

Of particular note, at the first boring location for DH-5, difficulty was encountered at a
depth of approximately 104 ft. At this depth, the drill rods dropped to 111 ft and
circulation of the drilling fluid was lost. After circulation was restored, the drilling
continued to approximately 165 ft, at which point the drill rig could no longer advance
the casings. After attempting to continue with a larger drill rig, the hole was abandoned.
A total of 400 cubic ft of grout was required to grout the hole. A new boring was located
25 ft north of the abandoned boring location. No cavities were encountered and the hole
was successfully completed. The encounter of the void and loss of drilling fluid at the
initial DH-5 location is consistent with the calcareous zone characterized by the US
Army Corps of Engineers and Mueser, Rutledge, Wentworth & Johnston Consulting
Engineers. Calcareous sediments were also identified in both drill logs. In DH-4,
sediments with calcium carbonate were located at a depth of 115 ft bls (elevation of 159
ft msl) and at a depth of 155 ft bls (119 ft msl). In DH-5, sediments with calcium
carbonate were identified at a depth of 120 ft bls (147 ft msl). Again, these findings are
consistent with the calcareous zone reported by US Army Corps of Engineers and
Mueser, Rutledge, Wentworth & Johnston Consulting Engineers.

Another significant finding reported in the drilling logs and the laboratory analyses was
the presence of fine-grained, silt and clay-rich layers at an elevation that corresponds to
the TCCZ. As shown on Table 2 the fine-grained, silt and clay rich layers were found at
elevations between 194 and 215 ft msl. These layers are consistent with the elevation of
the C2 layer identified by Mueser, Rutledge, Wentworth & Johnston Consulting
Engineers and the TCCZ identified in recent CPTs at the FTF (refer to Table 1).
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Table 2: Fine-Grained Layers Corresponding to TCCZ in DH-4 and DH-5 Borings

Depth Elevation

Location | g1y | (ft msl)

Drill Log/Lab Result

Pittsburgh Testing Lab classified 58.5 ft sample as

DH-4 58.5 215.7 MH; 98% was finer than #200 sieve size (<0.074
mm; silt+clay)
DH-4 65 209.2 Geologist recorded presence of a light red clay

Geologist recorded presence of a light grey clay;
Pittsburgh Testing Lab classified 78.5 ft sample as
CH; 51% was finer than #200 sieve size (<0.074
mm; silt+clay)

DH-4 78-80 | 196.2-194.2

LAW Engineering Testing Company classified 64
ft sample as CH; 95% was finer than #200 sieve
DH-5 64 203.7 size (<0.074 mm; silt+clay); >75% was finer than
0.001 mm Geologist recorded presence of a silty
clay

Notes: ft bls = feet below land surface; ft msl = feet from mean sea level; surface elevation for DH-4 =
274.2 ft msl; surface elevation for DH-5 = 267.7 ft msl; for the Unified Soil Classification abbreviations,
MH = inorganic silts, micaceous or diatomaceous fine sandy or silty soils, elastic silts; CH = inorganic
clays of high plasticity, fat clays

3.2 SRP Baseline Hydrogeologic Investigation

As part of the SRP Baseline Hydrogeologic Investigation, a series of wells, which were
screened at the water table and within each major water bearing unit down through the
McQueen Branch Aquifer, were installed in background areas of the SRS. These wells
were installed for the purpose of improving the knowledge of the hydrogeology at the
SRS. During the Phase 111 work in the late 1980’s, the P-28 cluster was installed to the
north of the F-Area perimeter fence. This cluster was also located near an existing well
cluster (FC-2), which was installed during a previous study in the 1970’s (Bledsoe 1988).

The deepest boring (P-28TA) was continuously cored. Sediment recovered was
described both during the drilling and later in the lab (as foot-by-foot core description per
the methodology described in Millings and Flach 2007). The well was also logged using
standard geophysical techniques. According to Bledsoe (1988), the vadose zone can be
characterized as predominately “tan, red, faintly laminated, silty, clayey, very fine to
medium sands” (figure 18 in Bledsoe 1988). More specifically, the lithologic log shows
that the upper part of the core (depths of 11-30 ft bls) consists of clayey sands, clay and
silty clay (Table 3). Below this zone (depths of 30-70 ft bls) are predominantly fine to
coarse sands and silty sands with less clay. Beneath these sands, a clay-rich layer was
identified (depths 71-78 ft bls).
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Table 3: Summary of Lithologic Log for P28TA

(I?te Eltsh) E(Ifivr?]tslgn Description Based on Bledsoe (1988)
0 284.8 land surface
0-8 284.4-276.8 | Fine sands, well sorted
8-11 276.8-273.8 | No recovery

11-16 273.8-268.8 | Fine, clayey sand

16-26 268.8-258.8 | Clay

26-30 258.8-254.8 | Fine, clayey sand

30-70 254.8-214.4 | Fine sands, fine silty/clayey sands, coarse sands

70-71 214.8-213.8 | Fine, clayey sand

71-78 213.8-206.8 | Clay, sandy clay

78-107 206.8-177.8 | Medium to coarse sands to silty sands

*Note: summary table constructed based on lithologic logs provided in Bledsoe (1988); ft bls = feet below
land surface; ft msl = feet from mean sea level

Foot-by-foot core descriptions performed on P28TA core by Science Applications
International Corporation (SAIC) in 1992 also identified an upper zone with fine-grained,
clay-rich layers followed by a lower, sandier zone with less clay. In particular, clayey
sands to sandy clays were identified between 17 and 21 ft bls (267.8-263.8 t msl). Below
27 ft bls (257.8 ft msl), sediments were predominantly sands (>80%). From 72 to 76 ft
(212.8-208.8 ft msl), sediments were characterized as a sandy clay with 50-60% mud (silt
and clay).

The core descriptions for P28TA by Bledsoe (1988) and SAIC are consistent with other
characterizations of the vadose zone and upper water table aquifer (see 2.2 Early
Characterization of the Vadose Zone and Saturated Zone), which have identified an
upper, finer-grained zone underlain a sandier zone. In addition, the clay identified
between 71 to 78 ft bls (213.8-206.8 ft msl) by Bledsoe (1988) and subsequently noted by
SAIC between 72 to 76 ft bls (212.8-208.8 ft ms) is consistent with the elevation of the
TCCZ. This clayey zone can also be seen in the gamma log between 70 and 80 ft bls.
Lithologic logs from Bledsoe (1988), foot-by foot-core descriptions by SAIC, and the
gamma log are provided for the first 100 ft of core in Appendix G.

3.3 SGS Geotechnical Characterization of F-Area

A 1996 Site Geotechnical Services Department (SGS) study entailed reviewing previous
geotechnical and geologic data and reports, performing field and laboratory tests, and
conducting engineering analyses for the purpose of characterizing foundation material in
F-Area. In particular, SGS focused their investigation on 1) establishing site specific
geological conditions; 2) determining the engineering properties of subsurface and fill
materials under structural loads; and 3) evaluating the lateral and vertical extent of soft
zones, slope stability, liquefaction potential, and potential settlements of subsurface
materials (SGS 1996).
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3.3.1 Laboratory Analyses:

Laboratory analyses included soil classification, dry bulk density, and grain size
distribution in addition to analyses to determine plasticity, static strength, consolidation
properties, and compaction characteristics. Analyses were performed by LAW
Engineering, Atlanta, GA. Table E-2 Summary of Laboratory Test Results in the SGS
characterization report provides soil property data collected during this study and from
previous studies (SGS 1996). Much of the data on this table is related to engineering
properties. Appendix H provides data from locations near the FTF. Included are grain
size analyses, dry bulk density, and classification (USCS) for the following locations:
FSEPB6, FTNKB3, FTNKB8, FTNKB13, FTNKB16, and FTNKB20. The data in this
appendix include analytical results for native materials and structural fill. Data
associated with other locations in F-Area (primarily on the north side) are provided in the
report by SGS (SGS 1996).

3.3.2 Calcareous Zone Near the FTF:

Out of borings and SCPTUs (seismic piezocone penetration tests) performed as part of
this study, only one boring and seven SCPTUs near or within the FTF penetrated the
Santee, in which the primary calcareous zones (or soft zones) were identified by the US
Army Corps of Engineers and Mueser, Rutledge, Wentworth & Johnston Consulting
Engineers. During the boring of FSEPBS6, located near Tank 33, drillers encountered low
blow counts (SPT N-values), rod drops and loss of circulation between 164.5 and 158.5 ft
msl (Figure 18). Even though carbonates were not noted in this boring, drilling
observations were characteristic of the calcareous zone. SCPTUs, FTNKC16 near Tank
47 and FTNKC17 north of Tank 2, also showed indications of this calcareous zone based
on low tip resistance, low sleeve friction and near hydrostatic pore pressures responses
near the bottom of holes (Figure 15 and Figure 19) (SGS 1996). The elevation of the
calcareous zone (or soft zone) identified in FSEPB6, FTNKC16, and FTNKC17 is
consistent with the elevations of the calcareous zone near the FTF (150-180 ft msl) noted
by Mueser, Rutledge, Wentworth & Johnston Consulting Engineers and the the US Army
Corps of Engineers.

3.3.3 Calcareous Zone Elsewnhere in F-Area:

Closer to the F-Canyon, evidence of the calcareous zone in the Santee at elevations ~155
to 146 ft msl was observed both in borings (e.g., FB1) and SCPTUs (e.g., FSEPCS6,
FSEPC10, FSEPC13, F235C2, and F235C6). Again, rod drops, low blow counts were
observed in the borings whereas low tip resistance, low sleeve friction and high pore
pressure responses were observed in the SCPTUs. According to the core logs, sediments
from the Santee were described as “tan, very fine to silty and clayey sand with traces of
shell fragments” (SGS 1996).

One soil boring and one SCPTU also indicated some calcareous sediment in the Dry
Branch Formation at elevation of 187 to 179 ft msl. A SCPTU near the FTF (FTNKC3)
also showed indications of calcareous sediments within the Dry Branch. According to
the early characterization work of Mueser, Rutledge, Wentworth & Johnston Consulting
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Engineers and the the US Army Corps of Engineers in addition to the work by SGS, the
calcareous sediments in the Dry Branch Formation do not appear to be as extensive nor to
have the voids associated with them like the Santee. In addition, the calcareous
sediments in the Dry Branch do not appear to have been the focus of the early grouting
activities.

3.3.4 Tan Clay Confining Zone (TCCZ):

According to the SGS 1996 report, the TCCZ was designated as “DB4/DB5”. The
investigators noted that this layer typically showed up as moderate to low tip resistances
and moderate friction ratios on the SCPTU logs. The top of the TCCZ ranged from 200
to 210 ft msl on the northern side of F-Area and dipped to about 195 ft msl on the
southern end of F-Area (see the text on page 2-9 in the 1996 SGS report). The thickness
of the TCCZ ranged from approximately 6 ft on the southeastern side of the F-Area to
about 15 ft on the northwestern corner of F-Area (page 2-9 in the text). They concluded
that “the DB4/DBS5 layer is a fairly consistent marker bed that is locally continuous in the
F-Area” (SGS 1996).

However, there are discrepancies between the text and information provided in the cross-
sections and the table at the bottom of page 2-9, which describes the layer attributes for
DB1/DB3 and DB4/DBS5 layers. As cited on this table, the DB4/DBS5 layer has an
average thickness as 6.8 ft, an average top elevation of 175.3 ft msl, and an average
bottom elevation of 166.7 ft msl. Several of the cross-sections (e.g., Plates 27, 28, and
29) that are provided in this report also show the DB4/DB5 layer at lower elevations than
indicated by the text and other studies. These cross-sections show the DB4/DBS5 layer at
elevations between 175 ft msl and 160 ft msl, not from 210 ft msl to 195 ft msl as cited in
the text. It appears that the cross-sections and table on 2-9 describe a DB4/DBS5 layer
that is likely more correlative to the S4 layer identified by Mueser, Rutledge, Wentworth
& Johnston Consulting Engineers (calcareous clayey sand) based on elevation. The layer
described as TR3/4 seems to be similar in elevation to the C2 layer identified by Mueser,
Rutledge, Wentworth & Johnston Consulting Engineers and the TCCZ identified in other
studies (e.g., Smits et al. 1997; Millings 2007) (Figure 20).

As illustrated in the evaluation “Aquitard Thickness at the F-Area Tank Farm”, there
have been various hydrostratigraphic picks for the TCCZ. A pick refers to the boundaries
(top and bottom elevations) of a lithostratigraphic or hydrostratigraphic layer. The
different picks reflect differences in interpretations and professional judgment (SGCP
2006). Differences in TCCZ picks may also result from differences in the definition of
this particular zone. For example, SAIC and Savannah River National Laboratory
(SRNL) (Smits et al. 1997) defined the TCCZ by the muddiest or most-clay rich zone.
This zone was typically easily recognizable in core and geophysical logs, however can be
more difficult to pick based on CPT logs (Millings 2007). Table 1 in the Soil and
Groundwater Closure Projects (SGCP) report summarizes previous TCCZ picks captured
in the Landmark database for the SCPTU completed at the FTF as part of the SGS
geotechnical investigation (SGCP 2006). According to this table, the TCCZ has various
pick surface names including “TR3/4”, “TCCZ”, and “DB1/DB3”. Table 3 in the SGCP
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(SGCP 2006) report provides a summary table of TCCZ picks based on these data. Table
4 in this report shows a comparison between the TCCZ summary picks in the SGCP
report (SGCP 2006), the picks provided in Millings (2007), and model generated picks
from the 1995 hydrogeologic database for the General Separations Area (GSA). Figure
21 provides a map with these CPT locations and other CPTs in the vicinity of the FTF.
Not all CPTs near the FTF were evaluated for TCCZ picks either because the CPTs did
not completely penetrate the TCCZ or because the CPTs did not generate good quality

logs.
Table 4: FTF Tan Clay Comparison
T%%Z Tccz | Tccz | Tecz | Tecz | Tccz
CP'I_' Elev Top I_Elev Top Elev | Thickness Thl_ck_ness Thickness
Location (SGCP (Millings (model (SGCP (Millings (model
2006) 2007) generated) 2006) 2007) generated)
FTNKC10 207 206.9 201.3 10 7 7.3
FTNKC11 210 208.3 195.4 15 5 8.5
FTNKC12 220 217.5 210.2 11 5 8.4
FTNKC13 208 206.7 208.3 5 4 6.8
FTNKC16 210 208.4 201.8 11 9 6.4
FTNKC17 215 214.0 210.9 10 9 5.9
FTNKC3 206 204.5 203.2 8 6 6.0
FTNKC6 202 199.3 199.8 12 9 8.2
FTNKC8 215 213.6 205.9 7 6 5.4
FTNKC9 213 212.1 196.1 8 8 8.6

Notes: TCCZ Top Elev = Tan Clay Confining Zone Top Elevation (feet from mean sea level); thickness is
provided in feet

It should be noted that the TCCZ picks from Millings (2007) and the model generated
picks (based on the 1995 hydrogeologic database for the GSA) use the same “definition”
of the TCCZ. In other words, for these picks (either made by Millings in 2007 or those
made for the 1995 database), the intent was to pick the boundaries for the most clay-rich
or muddiest (where mud reflects silt and clay sized fractions) facies.

Differences between SGCP (2006) picks and picks in Millings (2007)

Overall, the SGCP (2006) TCCZ top picks are similar (within 1 to 2 feet) to those picks
in Millings (2007). However, thicknesses of the TCCZ identified by SGCP (2006) and
Millings (2007) can be quite different and most likely reflect a difference in how the
TCCZ is defined. The thickness of the TCCZ provided in Millings (2007) is the same or
smaller than the thickness provided by SGCP (2006). Also, without continuous core, it is
difficult from the CPT logs to precisely define the most clay-rich or muddiest facies.




July 2007 WSRC-TR-2007-00283
Page 14 of 115

Differences between model generated picks and picks in Millings (2007) and SGCP
(2006)
Most of the model generated TCCZ top picks appear to be lower than the top picks
identified in Millings (2007) and SGCP (2006). A few locations have similar elevations
(e.g., FTNKC3, FTNKC6 and FTNKC13). However, the thicknesses of the TCCZ
generated by the model are similar to the thicknesses provided in Millings (2007). As
noted in Millings (2007), the differences in elevations and thicknesses can be attributed
to:
e small scale natural variations in the TCCZ, which reflect changes in depositional
environments or other geologic processes and are not captured at the model scale
e ambiguity in the CPT logs leading to the inability to pick the muddiest (most clay-
rich) zone (e.g., based on the pore pressure, tip resistance and friction ratio,
FTNKC10, FTNKCL11, and FTNKC12 could actually have lower TCCZ picks,
which would more closely match the model generated elevations)

Comparison of these TCCZ picks with geotechnical logs from SGS borings (SGS 1996):
Geotechnical logs from F-Area characterization borings were also included in this SGS
investigation. One of the closest borings to FTF is FSEPB6, which is located
approximately 115 ft (35 m) southeast of Tank 33 (Figure 18). According to the log
describing the sediments recovered, a “tan FAT CLAY (CH)” was identified from
approximately 80 ft bls (204.2 ft msl) to 88 ft bls (196.0 ft msl). Other borings completed
as part of this investigation in F-Area showed a clay at similar elevations. Table 5
provides a summary of these locations along with elevations and thicknesses of the clay.
The thickness and elevations of this clay are consistent with the TCCZ identified in CPTs
near the FTF (Table 4) and in borings from other studies (Tables 1-3).

Table 5: Summary of TCCZ Identified in SGS Geotechnical Borings in F-Area

) Elevation of ]
Location | e | utmn | General | o2 | Thickness Description
ID Location (ft)
(ft msl)
SE of tan FAT CLAY
FSEPBG | 4370514 | 36825326 | - aq | 204.2-196.0 8.2 CH)
North of light to medium
FSEPBS | 436897.9 | 3682992.5 219-217.5 15 brown FAT CLAY
FTF
(CH)
North 198.3-195.5 2.8
FSEPB13.1 | 436876.2 | 36833355 | side of and and sandy ECAJ)CLAY
F-Area | 192.0-190.0 2.0
North | 205.1-203.9 12 Jellow brown
FB1 437056.6 | 3683504.9 | side of and and
F-Area | 203.4-202.6 | 0.8 CLAY (CH)

Notes: summary table based on geotechnical logs in F-Area Geotechnical Characterization Report (U), Volume 4,
WSRC-TR-96-0069 (SGS 1996)
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Comparison of these TCCZ picks with other locations and studies:

The TCCZ picks presented in Table 4 and Table 5 are consistent in elevation and
thickness with other studies that have identified the presence of this clay-rich zone. The
C2 layer described by Mueser, Rutledge, Wentworth & Johnston Consulting Engineers
(1975a; 1977) ranged in elevation from 214 to 190 ft msl and varied in thickness from 4
to 10 ft (where the TCCZ was present). Table 1 provides a comparison among the C2
layers and nearby CPTs at the FTF. Characterization performed by John A. Blume &
Associates, Engineers (1971) also showed a clay-rich layer at elevations between 215 and
194 ft msl (Table 2). In addition, core logs from P28TA identified a clay to sandy clay
layer between 213.8 and 206.8 ft msl (Table 3) (Bledsoe 1988).

3.3.5 Undisturbed Vadose Zone:

Several characterization borings were performed at the FTF as part of the SGS
investigation. Sediment samples were collected for classification and laboratory
analyses. Results from the SGS investigation provide an opportunity to compare these
sample results, geotechnical descriptions and nearby CPT logs with the lower zone
properties, which were recommended in Jones et al. (2007) as initial inputs into the PA
modeling. As discussed in Section 2.2 Early Characterization of the VVadose Zone and
Saturated Zone, Mueser, Rutledge, Wentworth & Johnston Consulting Engineers (1975a)
characterized the undisturbed soil beneath the tanks as primarily sandy with occasional
clay layers (layer S2 with some S1 layers still remaining after the excavation in some
locations).

In Table E-2 in the SGS characterization report, samples collected from the geotechnical
borings are designated as fill or as native material. Figure 22 through

Figure 26 show results of grain size analyses from these characterization borings in
relation to depth and nearby CPT logs. Only samples that were designated as native
material in the SGS report are shown on these figures. Most of the samples consisted of
between 80% and 90% sand; only two samples from FTNKB8 (7.5-9.5 ft bls and 17.5-19
ft bls) and one sample from FTNKB13 (31-32.5 ft bls) had mud fractions (silt and clay)
greater than 20%. It is unclear using the nearby CPT log whether the sample from
FTNKB13 truly represents undisturbed native material or whether it may be part of the
backfill material. FTNKBS is the only location that did not penetrate backfill material
(i.e., the logs and samples are all from native, undisturbed sediments) according to the
2006 SGS investigation. As illustrated in Figure 27 the percentages of sand and mud in
samples measured in the SGS investigation are consistent with the percentages observed
in the lower zone in E-Area. Most of the native vadose zone samples evaluated during
the SGS investigation were classified as silty sands (SM) or poorly graded sands, some
with silt (SP and SP-SM); four of the twenty-one samples were classified as clayey sands
(SC) (Appendix H).
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3.3.6 Structural Fill:

Investigations regarding structural fill in F-Area were also included in the 1996 SGS
study. Facilities such as the F Canyon and FTF were constructed on native material with
structural fill used to backfill excavations. Foundations for structures typically required
the use of “test controlled compaction” (TCC) fill. The standard DuPont spec for
structural fill was defined in SC-5E, “Fill, Test-Controlled Compaction” (DuPont 1988).
According to the SGS investigation, no original records for the field control compaction
testing related to the construction of the tanks are available.

However, the SGS study describes a 1986 report, “F-Area Containment Building for
Pump Pits and Diversion Boxes” by Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers that documents examples of compaction tests performed during the
construction operations for the FTF. Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers compiled all of the available compaction test data, which had been
performed by Pittsburgh Testing Laboratories, in order to investigate whether new
structures could be adequately supported by the existing structural fill. As part of their
conclusions, they noted that the test data demonstrated that the structural fill had been
placed in accordance with specification requirements (SGS 1996).

The SGS study also provides historical information related to a steam line break near
Tank 28 in December 1993. Excavation and analysis of fill material during this incident
indicated that this fill was poorly compacted (results between 80 and 85% of ASTM
D1557). The SGS investigation concluded that “It is likely that because of piping,
electrical and other utilities were embedded within the fill as it was placed, compaction
around these areas was difficult to achieve” (SGS 1996).

Structural fill samples collected near the FTF as part of the SGS investigation show that
most of the sediments are SC (Clayey Sand) or SM (Silty Sand) material according to the
USCS (Appendix H). These findings are consistent with the findings in Phifer et al.
(2006) and the recommendations made for the vadose zone material properties at the FTF
in Jones et al. (2006).

4.0 Flow in the VVadose Zone

Several field and laboratory tests conducted at the SRS in the 1960’s focused on the flow
of water through the unsaturated zone (Haskell and Hawkins 1964; Horton and Hawkins
1965; and Hawkins and Horton 1967). Results from these tests were later quoted in
reports such as Fenimore’s (1968) “Tracing Soil Moisture and Groundwater Flow at the
Savannah River Plant” and Horton’s (1975) “Soil Moisture Flow as Related to the Burial
of Solid Radioactive Waste”. Fenimore (1968) assumed a downward tracer movement of
0.95 inches per inch of rainfall based on the work of Haskell and Hawkins (1964) and
Hawkins and Horton (1967). Horton (1975) identified a pore velocity of 7ft per year,
which appears to reflect the higher flow rate of 1.99 inches per inch of rainfall observed
by Haskell and Hawkins (1964). The early field and laboratory tests conducted in 1960°s
are summarized below.
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4.1 Haskell and Hawkins (1964)

In 1963, Haskell and Hawkins conducted a field experiment in which they used a Na**
gamma source and a slow neutron detector to measure the vertical movement of
deuterium (D,0) within the vadose zone at the SRS (Haskell and Hawkins 1964). The
test was conducted on three plots, under natural rainfall and evaporation conditions, and
in a recently devegetated area with sandy loam to sandy clay sediment. On each plot, an
access tube and four monitoring tubes were emplaced. From February 19 through August
7, weekly measurements were made with the Na?* probe. The results of their test are
shown in Figure 28, which depicts downward movement of the tracer peak versus
rainfall. Results showed that the total downward movement of the tracer at plot 3 was
approximately twice the amount observed at plots 1 and 2. In addition, they observed
that the movement of the tracer in plots 1 and 2 was approximately 20 inches in the 169-
day trial and an average of 0.94 inches per inch of rainfall. For plot 3, the tracer moved
approximately 41 inches in the 169-day trial and averaged 1.99 inches per inch of
rainfall. Haskell and Hawkins hypothesized that the increased rate observed at plot 3 was
probably due to the fact that the plot was located on the edge of a former ditch that had
been backfilled 2 years earlier. Although soil properties were not measured, they
surmised that the variation in structure and density between the disturbed and undisturbed
soils might easily explain the different rates of tracer movement (Haskell and Hawkins
1964).

Horton assumed an average precipitation of 47 inches per year (Horton 1975), which
would yield the following rates of movement for the various plots in the Haskell and
Hawkins study:

For plots 1 and 2:
0.94 inches per inch of rainfall * 47 inches rainfall/year = 44.18 inches per year or 3.68
feet per year

For plot 3:
1.99 inches per inch of rainfall * 47 inches rainfall/year = 93.53 inches per year or 7.79

feet per year

4.2 Horton and Hawkins (1965)
After a series of laboratory experiments on the same sandy clay sediments studied by
Haskell and Hawkins (1964), Horton and Hawkins (1965) reported:

Our studies show that the percolation of rainwater through the soil to the water
table is accomplished throughout most of the flow path by downward
displacement of water previously retained by the soil at field capacity. This
conclusion is contrary to the widely accepted belief that rainwater percolates to
the water table primarily through the pores, which are not filled with water at field
capacity.
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The first series of experiments consisted of a series of columns with various length of a
sandy inner core surrounded by the sandy clay sediment. Water was added to the tops of
the columns at various rates and volumes to simulate different types of rainfall events.
Effluent from the inner sand core and outer sandy clay sediment was collected separately
and measured for the trial runs. Results showed that the water, in amounts that would
normally infiltrate the soil, flowed from the sand into the sandy clay sediment before
penetrating the sand to a great extent. In other words, water flowed readily from the large
pores of the sand into the smaller pores of the sandy clay (Horton and Hawkins 1965).

The second series of experiments consisted of measuring the flow of a tritium tracer
through a sandy clay soil column. The tritium tracer was added with an initial volume of
water (to simulate a 1-inch rainfall event) followed by the daily addition of the same
amount of water without tritium. Effluent was measured daily for tritium. Results from
these experiments indicated that the flow though the sandy clay sediment occurred
mainly through the downward displacement of water remaining in the soil after drainage.
According to Horton and Hawkins (1965), if the pores containing air after drainage were
the preferential flow path, then the tritium would have been detected in the effluent
shortly after its addition. However, they calculated that 87% of the water present in the
sediment at the time of the tritium addition was displaced before the peak tritium
concentration appeared in the effluent.

4.3 Hawkins and Horton (1967)

As part of a field study to investigate the infiltration potential of a bentonite clay
structure, Hawkins and Horton again employed a Na** gamma source and a slow neutron
detector to measure the vertical movement of deuterium (D,0) in the subsurface near the
Burial Grounds. The sediments were characterized as a loamy sand grading to a sandy
clay-loam below 3 inches and to sandy clay below 5 feet. Two measurement ports were
located within 100 feet of the bentonite structure and measurements were made twice a
month for 12 months. After 12 months and 48 in of rainfall, the tracer moved 52 inches
at one location and 40 inches at the other location for an average of 46 inches. This
amount of movement equates to 0.96 inches per inch of rainfall, which is similar to the
movement reported in their earlier studies of 0.94 inches per inch of rainfall (for plots 1
and 2) (Haskell and Hawkins 1964).

4.4 Comparison of Early Studies with Results from Numerical Simulations

Numerical simulations using PORFLOW and the upper zone and lower zone properties
provided in Table 5-18 in Phifer et al. (2006) yielded suction head and saturation values
of 83 cm and 91% in the upper vadose zone and 170 cm and 72% in the lower vadose
zone (Phifer et al. 2006). These values were reported as being consistent with field
measurements from the Vadose Zone Monitoring System (VZMS) in E-Area (Phifer et
al. 2006). Using these saturation values, porosity measurements (Table 5-18 in Phifer et
al. 2006), and the estimated infiltration over the local area (30 cm/yr or 12 in/yr, from
Phifer et al. 2006), one can estimate pore water velocity by:
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Pore water velocity = infiltration/(porosity)*(saturation)

where infiltration is the flux of water into the vadose zone and the term
“porosity*saturation” represents the amount of water-filled space through which
movement of soil moisture in the subsurface can occur. As discussed in Section 4.2
Horton and Hawkins (1965), water moves through the subsurface by displacing
previously retained water, which typically exists as films along grain boundaries.

Calculations for the upper zone and lower zone yield the following estimates of pore
water velocity:

e estimate pore water velocity upper zone = (12 in/yr)/(0.39)*(0.91) = ~34 in/yr
(~2.8 ftlyr)

e estimate pore water velocity lower zone = (12 in/yr)/(0.39)*(0.72) = ~43 in/yr
(~3.6 ft/yr)

These estimates are consistent with field measurements observed in Haskell and Hawkins
(1964) (plots 1 and 2) and in Hawkins and Horton (1967) for a sandy loam to sandy clay
sediment near the Burial Grounds. Haskell and Hawkins (1964) reported downward
movement of water of 0.94 inches per inch of rainfall and Hawkins and Horton (1967)
reported a downward movement of 0.96 inches per inch of rainfall. Assuming an average
rainfall of 48 in/yr, this would yield a pore velocity around 45.5 in/yr, which is similar to
the estimates for the upper and lower zone using infiltration, saturation, and porosity
values.

4.5 Comparison of Recommended Vadose Zone Properties to Data from Gruber (1981)
and Quisenberry (1985)

Previous modeling efforts in the vicinity of Z-Area incorporated hydraulic properties and
soil property curves developed using data from Gruber (1981) and Quisenberry (1985).
In their report “Validation of Unsaturated Flow Models Using Tank 24 Lysimeter Data”
(1986), INTERA, a subcontracted environmental consultant, provided values for
hydraulic conductivity and porosity in addition to relative permeability and capillary
pressure (water retention) curves. Table 6 provides a comparison of recommended
values from Phifer et al. (2006) (also referenced in Jones et al. 2007) and the values
provided by INTERA (1986). The original reports and data from Gruber (1981) and
Quisenberry (1985) were not available; therefore their data as reported by INTERA
(1986) was used for comparison in this report.
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Table 6: Comparison between Recommended Soil Property Values from Phifer et
al. (2006) and Values Presented by INTERA (1986)

Recommended in Phifer et Saturated Hydraulic
al. (2006) and Jones et al. Conductivity in INTERA
(2007) model (cm/s)
Material Saturated Saturated
Hydraulic Porosity Hydraulic Porosity
Conductivity (%) Conductivity (%)
(cm/s) (cm/s)
- 7.6E-5 (Kh); 0 ) 0
Backfill 4.1E-5 (KV) 35% 1E-4 42%
Upper Zone:
6.2E-5 (Kh);
Undisturbed, 8.7E-6 (Kv) 0 i 0
Native Soil Lower Zone: 39% 2.58-5 36%
3.3E-4 (Kh)
9.1E-5 (Kv)

1Backfill and undisturbed native soil values provided by INTERA (1986) were reported as being consistent
with values used in their previous modeling (INTERA 1985) and values measured by Quisenberry (1985)
for disturbed and undisturbed Z-Area soils. Quisenberry reported a saturated hydraulic conductivity value
of 1.6E-4 cm/s for disturbed Z-Area soil samples (INTERA 1986).

Hydraulic conductivity and porosity values recommended by Phifer et al. (2006) and
Jones et al. (2007) were similar to those values used by INTERA (1986) and measured by
Quisenberry (1986). It should be noted that Phifer et al. (2006) based their backfill
values on measurements of controlled compacted backfill consisting of SC (clayey sands
or sand-clay mixtures) or SM (silty sands or sand-silt mixtures) material. No description
of the backfill was given by INTERA (1986) except that the samples measured by
Quisenberry (1986) represented “disturbed” Z-Area soil samples.

INTERA (1986) also provided unsaturated soil property curves based on data from
Gruber (1981) and Quisenberry (1986). Figure 29 shows these curves as presented by
INTERA (1986). Figure 30 shows an overlay of the upper and lower vadose zone curves
recommended by Phifer et al. (2006) with the curves presented by INTERA (1986). The
soil property curves for the upper and lower vadose zone are consistent with the curves
presented by INTERA (1986). The water retention curve for the lower vadose zone is
outside of the bounds identified based on the data by Gruber (1981), however only at
higher suction head values (greater than 200 cm). The difference between the bounding
curve based on the Gruber data and the lower vadose zone curve is small (on the order of
5% or less) and may reflect the types of sediments sampled (e.g., the data from Gruber
may only reflect shallow vadose zone sediments).
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4.6 Lower Zone Soil Property Curves

As described in Phifer et al. (2006), the lower zone soil property curves were generated
using CPT data, visual core descriptions, and grain size data in addition to laboratory
water retention data (Section 5.2.3 in Phifer et al. 2006). Soil property curves were
assigned to textural categories (“clay”, “clay-sand” and *“sand” sediments) based on
laboratory water retention data and grain size data. CPT logs from a representative
location in E-Area were then used to determine thicknesses of each textural category
within the upper vadose zone and the lower vadose zone. This methodology (i.e., using a
representative location, textural soil property curves, and layer thicknesses determined by
the CPT logs) appeared to provide soil property curves that were representative of
“average” conditions for the upper and lower zones and less influenced by outlier
samples compared to a methodology of averaging data and not accounting for thickness
of the various soil types. Data points delineating the water retention and relative
permeability curves were provided electronically for modeling purposes and in Phifer et
al. (2006).

This methodology of generating soil property curves does not entail using or producing
van Genuchten parameters. To address interest concerning van Genuchten parameters for
the lower zone, an attempt was made to generate soil property curves (using van
Genuchten parameters) that mimicked the recommended lower vadose zone curves from
Phifer et al. (2006). Figure 31 shows the soil property curves that best matched the lower
zone curves for suction levels in the range of observed field measurements
(approximately 50 to 200 cm). For the area of concern (yellow shaded box in Figure 31),
the water retention curve slightly over predicts the saturation at lower suction levels (<30
cm) and under predicts at higher suction levels (~200 cm). The relative permeability (Kr)
curve slightly under predicts Kr at higher saturation (~0.65), but overall appears to match
the recommended curve. The water retention curve produced using the van Genuchten
parameters do not closely mimic the recommended lower vadose zone curve at higher
suction levels (>300 cm) nor does the relative permeability curve at higher saturation
(between 0.7 and 0.9). Van Genuchten parameters for the generated curve are provided
in Figure 31.

5.0 Flow in the Saturated Zone

5.1 Historical Hydraulic Conductivity Data

Jaegge et al. (1987) and Dennehy et al. (1989) summarized hydraulic conductivity data
from earlier laboratory and field studies conducted during the 1970°s and 1980’s. Jaegge
et al. (1987) provided their summary as part of background technical documentation to
support closure options for the Radioactive Waste Burial Ground. Dennehy et al. (1989)
were interested in evaluating the potential geochemical and hydrologic effects of a
concentrated salt-solution waste on sediments in the subsurface. Table 7 provides a
summary of the hydraulic conductivity data they presented. Aadland et al. (1995) and
Denham (1999) offer similar summaries of hydrogeologic data.
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Historical hydraulic conductivity data are sometimes difficult to evaluate because
documentation is not always available describing exactly how samples were collected
and analyzed. It is noted in the Dennehy et al. (1989) study that hydraulic conductivities
were measured using both constant and falling head permeameter tests. However, tests
were conducted on disturbed, compacted samples. More specifically, samples were
collected from an excavation, then oven-dried and sieved before being compacted into a
PVC cylinder. One would expect that hydraulic conductivity measurements from this
study would likely be different than measurements made on undisturbed Shelby tube
samples or from field tests. Variations in the method of measuring hydraulic
conductivity can add to the complexity and range in hydraulic conductivities in addition
to the variation that would be expected from the natural heterogeneity of coastal plain
sediments. Consequently, hydraulic conductivities on Table 7 show a wide range of
values. However, it is noteworthy that the hydraulic conductivities from the transport
simulations using the 1995 database and PORFLOW are within the range of values
measured in laboratory and field tests.



July 2007 WSRC-TR-2007-00283
Page 23 of 115
Table 7: Summary of Saturated Hydraulic Conductivity (cm/s)
Approximate
Regional Small-scale Model Hydraulic
9 Laboratory Slug Test Determined Laboratory Model Conductivity
. . Data ; Pump Test . ;
Geologic Hydrogeologic ; Data Data (Parizek from Field Data Determined Transport
. X (Christensen , . Data : :
Unit Unit and Gordon (D’Appolonia and Root (Parizek and Data (Dennehy et | (Jaegge et al. Simulations
1983) 1981) 1986) Root 1986) (INTERA al. 1989) 1987) (using 1995
1985) GSA database
& PORFLOW)
Upland Unit Unsaturated -- -- -- -- 1.2E-3 cm/s -- --
Zone
12saoms | Tl o
Barnwell Upper Aquifer 3.E-5t0 (sand) 3.9E-5 0 8.1E-5 to _ 1.2E-4 cm/s 2.3E-4 to 35E-3 em/s
Group Zone 3.E-3cm/s 8.2E-7 cm/s / / 1.3E-3 cm/s
(clay) 5.1E-3 cm/s 8.4E-4 cm/s
(range; n=17) | (range; n=8)
. Tan Clay
Tan Clay (in Confining -- 1.4E-6 cm/s -- -- 2.5E-710 2.1E-6 cm/s
Barnwell) 7 6.0E-7 cm/s
one
3.4E-4 cm/s 2.4E-4 cm/s
McBean (median) (median)
Formation Lower Aquifer 3.E-5t0 _ 33E-4 10 1 6E-5 to 3.E-6to _ 1.4E-3 cm/s 4 6E-3 cm/s
(Santee Zone 3.E-3cm/s 5 6E-3 cm/ 2 0E-3 cm/ 3.E-2cmls
Formation) OE-o CIM/S Eno CIm/s
(range; n=23) | (range; n=17)
Green Clay
: Gordon 3.E-8t0 3.0E-810
(Warley Hill 1 fining Unit - - - 3.E-6 cms - 78E8cmjs | SOE9Cmis

Formation)
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Table 7 (continued): Summary of Saturated Hydraulic Conductivity (cm/s)
Approximate
Regional Small-scale Model Hydraulic
9 Laboratory Slug Test Determined Laboratory Model Conductivity
. . Data ; Pump Test . ;
Geologic Hydrogeologic (Christensen Data Data (Parizek Data from Field Data Determined Transport
Unit Unit and Gordon (D’Appolonia and Root (Parizek and Data (Dennehy et | (Jaegge et al. Simulations
1983) 1981) 1986) Root 1986) (INTERA al. 1989) 1987) (using 1995
1985) GSA database
& PORFLOW)
5.2E-4 cm/s 4.3E-4 cm/s
(median) (median) i
ISoOrrrE;trlgi ioa?fe”r 2.E-3 cmls - 3.4E-7 10 4.3E-4 10 33;é-E25<; o - - 1.3E-2 cm/s
g 44E-3cmis | 9.1E-4 cmis :
(range; n=17) | (range; n=3)
Christensen . . .
. D’Appolonia Parizek and Parizek and INTERA Dennehy etal. | Jaegge et al.
Original source of data a”dlgggdon 1981 Root 1986 Root 1986 1985 1989 1987
Source of Values Presented on Dennehy et | Dennehy etal. | Jaegge etal. Jaegge etal. | Dennehy etal. | Dennehy etal. | Jaegge et al.
this Table al. 1989 1989 1987 1987 1989 1989 1987
Value for Upland (Dennehy et al. 1989) comes from the geometric mean of 5 laboratory measurements using samples collected from unsaturated zone; value for Barnwell

(Dennehy et al. 1989) comes from the geometric mean of 8 laboratory measurements; tests from Dennehy et al. (1989) were performed on disturbed, compacted samples
which had a total porosity of 42% and bulk density of 93.6 Ibs/ft*; values from Jaegge et al. (1987) come from their Table 9 and represent steady state model calibration values
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6.0 Discussion and Summary

This study entailed the review, evaluation and documentation of historical and recent
geotechnical data and reports as they relate to the PA work for the FTF. These reports
provided sediment descriptions, geotechnical data (e.g., grain size analyses) and
interpretations for the vadose zone; no new hydraulic conductivity or water retention data
were discovered. Potentially significant findings regarding the saturated zone that were
discovered during this review were also included in this report. Appendix I provides a
summary of the reports that were primarily reviewed during this evaluation.

Results from this review are consistent with current assumptions made for the vadose
zone sediments for the F-Area Tank PA modeling. Specific findings are noted below:

e Early characterization efforts by the US Army Corps of Engineers (1952a; 1952b)
and Mueser, Rutledge, Wentworth & Johnston Consulting Engineers (1975a;
1975b; 1977) identified a calcareous zone beneath the FTF. This calcareous zone
was predominantly found between 190 and 130 ft msl (approximately 100 to 200
ft bls) within the Santee Formation (also known as the McBean Formation). The
US Army Corps of Engineers (1952a; 1952b) and Mueser, Rutledge, Wentworth
& Johnston Consulting Engineers both implemented a grouting program to fill
voids within the calcareous zone.

e Further documentation was discovered during this review relating to the existence
of the TCCZ near the FTF. Characterization data regarding the TCCZ were
included in reports by Mueser, Rutledge, Wentworth & Johnston Consulting
Engineers (1975a; 1977), John A. Blume & Associates, Engineers (1971),
Bledsoe (1988), Site Geotechnical Services (1996), SGCP (2006) and Millings
(2007). All borings showed the existence of the TCCZ except for one boring
location (14F-7U under existing tank 46), which was completed by Mueser,
Rutledge, Wentworth & Johnston Consulting Engineers.

e Mueser, Rutledge, Wentworth & Johnston Consulting Engineers (1975a; 1977),
Bledsoe (1988), Site Geotechnical Services (1996) provide core descriptions,
cross-sections and grain size data, which indicate that the lower vadose zone near
the FTF predominantly consists of fine to coarse sands to silty sands. These
findings are consistent with the findings in Phifer et al. (2006) and the
recommendations made for the vadose zone material properties at the FTF in
Jones et al. (2006).

e Mueser, Rutledge, Wentworth & Johnston Consulting Engineers (1975a)
identified the existence of a ramp built in 1956 on the north side of tanks 25-28.
This area was backfilled prior to the construction of tanks 25-28 and therefore
backfill (rather than vadose zone sediments) may be the primary materials below
part of the bottom of tank 25 (NW portion of tank 25).

e Structural fill samples collected and analyzed during the Site Geotechnical
Services (1996) investigation of F-Area were predominantly classified as SC
(clayey sands) with some SM (silty sand) material according to the USCS. These
findings are consistent with the findings in Phifer et al. (2006) and the
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recommendations made for the vadose zone material properties at the FTF in
Jones et al. (2006).

e Early work conducted in the vicinity of the Burial Grounds by Haskell and
Hawkins (1964), Horton and Hawkins (1965), and Hawkins and Horton (1967)
indicated that water travels through the vadose zone on the order of 3.7 ft/yr
(~0.95 inches per inch of rainfall). Near a disturbed (backfilled) area, they
observed much faster movement (~7.8 ft/yr). Estimates of infiltration, porosity
and saturation values for the lower vadose zone generated a pore water velocity
(~3.6 ft/yr) similar to the rates observed in undisturbed sediments of these earlier
studies.

e Hydraulic conductivities and porosities recommended in Phifer et al. (2006) and
Jones et al. (2007) are consistent with values presented by INTERA (1986) based
on data from Gruber (1981) and Quisenberry (1985). In addition, water retention
and relative permeability curves recommended for the vadose zone in Phifer et al.
(2006) and Jones et al. (2007) are similar to curves presented by INTERA (1986)
based on data from Gruber (1981) and Quisenberry (1985).

e Hydraulic conductivities for the hydrogeologic units were estimated from the
transport simulations using the 1995 database and PORFLOW and are within the
range of laboratory and field measurements documented in historical reports.
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] BORING NO.25
Depth 115 to 125 ft.

Figure 1: Biomoldic limestone recovered during foundation grouting operations
prior to excavation for tanks 25-28 and 44-47 in 1975 (Mueser, Rutledge,
Wentworth & Johnston Consulting Engineers, 1975b)
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Figure 4: Geologic cross-section showing calcareous zone (shaded pink) beneath tanks 46 and 27 (modified from drawing no.
1 in Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975b)
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Figure 4 Continued: Geologic cross-section showing calcareous zone (shaded pink) beneath tanks 46 and 27 (modified from
drawing no. 1 in Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975b)
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Figure 6: Geologic cross-section showing calcareous zone (shaded pink) beneath proposed tank 34 and future tanks 46 and 27
(modified from drawing no. 2 in Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1977)
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Figure 6 Continued: Geologic cross-section showing calcareous zone (shaded pink) beneath proposed tank 54 and future
tanks 46 and 27 (modified from drawing no. 2 in Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1977)

(boring legend and general notes for geologic cross-section)

GROUT HOLE AND BORING LEGEND

A = Numoer and locatiar of grout hole or boring
@— Boring made in 1974,

& T (as) - srouf hole mode in 1975, GENERAL NOTES:
W . L. All grouf holes for Storage Tanks Nos 52 th Fr
= Srout hole with undisturbed sampling I5TF 'rer" 79 T&nhfs WErg ri'qmdc E sliﬂr.r’i-n ﬁcorf;g‘?!m
" mode in 1976, between Hb;'.l 3, 1976 and Eﬂ.‘a;, 976 under thecontin-
e @' Grout hole mode in 1975, ﬁi;ﬁ;ﬂ“ ton of Mutser, R j‘d?e' Menfaorih &
+ El. = Elevation of ground surface ai boring. 2, Locations and surface elevations of all 1976
B —  Number and fyoe of sample. %‘ou:‘ holes were defermined by E. I DuFont de Nemours
G D - Drysampie taken with 2*0.0. split spodn. Eanw"ﬁ"ﬁ:
U = Thin wall tube sampie using ball check sampling 3 Elevations refer fo plan dafum used by E I.Du Pont
head (shelby) ar fixed pisforn sampler. de Nemours & Company, Inc.
MR -
R =Ko recovery ] 4 All of the 1976 grout holes were advanced using
I = Locahon and leng:h of sample. If locadicn is driliing mud tosfabilize the borehole.
mat shown penefrafion resistance is iadicoted ; Sample descriplions shown an Section A-A were
ol samole depth by Mueser, Rutledge, Wenfworih 8 Johnston and ma
N = MNumber of blows from 140 16, hammgr free fail- : not agree with the drillers’ classifications.
ing 30" reguired to drive 2'0.0 split spoon 6. Strafifications shown are necessary interpolations
slampfar one foof unless a specific penefra- befween bon'g?.': and may not rrpr'c’?lmf actua! sub-
tiom is indicated. surface condifions.
P — undisturbed sampler pressed inta hole. Z Muf' b!:r:? Mmrh i ?_ ¢ ﬁ.""'?.,?aﬂ“"”“”" on Section A-A ma
WR = ; ng indicative of the siable ground water leval. DA
] i::"ﬂ"‘:_"ﬂ*‘_‘" “r“* "":‘?”* of rods. mug tengs :'ncegir fhefa;;du of the borenole hereby org-
= ural waier conte ; venfing *he m evel fro ]
cent of dry Wiﬁrhtﬂ ol wafer level “ ! ™ egualizing wi ground
F — (Unifed Soils Classification 8. The locations of caed Fr'rg Tanks Nos.S2-55
G — : : were taken from E. L DuPont de Nemours & Co., Inc.
Lacation of voids Drawing No. W703i35 dated Feb. 1, 1977,

¥ - Sample reacfed fo 0% hydrochioric acid solution.
¥ —Lost refurn of drilling fluid.
X — Mud ievel observed in boring

{Zee Section A-a)



July 2007 WSRC-TR-2007-00283
Page 38 of 115

Figure 6 Continued: Geologic cross-section showing calcareous zone (shaded pink) beneath proposed tank 54 and future
tanks 46 and 27 (modified from drawing no. 2 in Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1977)

(grout hole location plan)
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Rutledge, Wentworth & Johnston Consulting Engineers 1977)

Cross-section A-A through proposed tanks 52-55 (southeast-northwest) (modified from drawing GS-1 in Mueser,
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Figure 13: Tank Bottom Elevations Relative to F-Area Vadose Zone and Water Table (figure 8 in Jones et al. 2007)
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CPT FTNKC3 Subsurface Data with Backfill, Lower Vadose Zone, Water Table and Water Table Aquifer (Upper
Aquifer Zone) and Tan Clay Confining Zone (figure 9 in Jones et al. 2007)
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Figure 15: CPT Logs for FTNKC16 (modified from figure 16 in Millings 2007)
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Boring 8

BORING LOCATION PLAN
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Figure 16: Location of 1956 ramp and subsequent backfilled area and location of
boring 8 in relation to tank 25 (modified from drawing GS-1 in Mueser, Rutledge,
Wentworth & Johnston Consulting Engineers 1975a)
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Figure 17: Location of borings DH-4 and DH-5 used in subsurface investigation by John A. Blume & Associates, Engineers
(figure modified from figure 1 in John H. Blume & Associates, Engineers 1971)



July 2007 WSRC-TR-2007-00283
Page 50 of 115

Figure 18: Locations Where Calcareous Zone Was ldentified in Santee during SGS
Characterization Work
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Figure 19: CPT Logs for FTNKC17 (modified from figure 17 in Millings 2007)
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Figure 21: Location of CPTs used in TCCZ Comparison on Table 4
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Figure 22: FTNKB3 Grain Size Data and CPT FTNKC3
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Figure 23: FSEPB6 Grain Size Data and CPT FTNKC6
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Figure 24: FTNKB8 Grain Size Data and CPT FTNKC8
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NOTES: msl = mean sea level; bls = below land surface; m = meters; ft = feet; TCCZ
= Tan Clay Confining Zone; sleeve = sleeve resistance (tsf); tip = tip resistance (tsf);
ratio = friction ratio (reflects sleeve/tip); pore = pore pressure (psi); mud = silt + clay
size fraction; boring locations designated with “B” before #; CPTs desginated with “C”
before #; blue dashed line = approximate long-term water table average (WSRC-TR-

2003-00250)
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Figure 25: FTNKB13 Grain Size Data and CPT FTNKC13
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Figure 26: FTNKB16 Grain Size Data and CPT FTNKC16
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Figure 27: Grain Size Data and CPT Logs from E-Area Illustrating Upper and Lower
Vadose Zone
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Figure modified from WSRC-5TI-2006-00198
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Figure 28: Downward movement of tracer peak versus rainfall for Plots 1, 2, and 3 in
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Figure modified from figure 6 in Haskell and Hawkins (1964)
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Figure 29: Relative Permeability and Water Retention Curves for Natural Soils as
Presented by INTERA (1986)
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Figure 30: Comparison of Relative Permeability and Water Retention Curves (Phifer
et al. 2006 vs INTERA 1986)
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Figure 31: Soil Property Curves for Lower Vadose Zone

1.E+05 / 1.E+00

1.E-01
1.E+04 |

1.E-02
1.E+03 -

1.E-03
1.E+02 |

1.E-04
1.E+01 |

1.E-05
1.E+00 ‘ ‘ ‘ ‘ ‘ ‘ 1.E-06

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Saturation

e | ower Zone Water Retention (Phifer et al 2006)

Water Retention van Genuchten

=== Lower Zone Kr (Phifer et al 2006)

=== == Krvan Genuchten

van Genuchten parameters:
thetar =0.42
theta s =0.98
alpha =0.018
n=1.63

~



July 2007 WSRC-TR-2007-00283
Page 64 of 115

Appendix A: Summary of Borings Completed Near FTF Through 1974 (from
Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975a)
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Summary of Borings Prior to 1974 (includes the US Army Corps of Engineers borings) (from Mueser, Rutledge, Wentworth &
Johnston Consulting Engineers 1975a)

SUMMARY OF BORINGS MADE PRIOR TO 1974 - BUILDING 241F - TANKS NOS. | THROUGH 8, 17 THROUGH 20, 33 AND 34, SAVANNAH RIVER PLANT FILE NO, 4387
Rod, Casing Grout Required
Boring Type of Surface Dapth of Bottom Elev, Ground Water Droppings or Drilling Mud Losses Calcareous Material To Fill Hole :
No, Boring Elsv, Boring Qf Boring _Level-Depth ~ Settling-Depths Depths Depths Cubic Feet Remarks
241-11F-1 split spoon +281.6 160.0 Ft. 123.6 60.0 Ft. 112.5 to 115.5 Ft. 112.5 to 115.5 Ft, 111.0 to 147.5 Ft. not reported Casing lowered to 120' depth to maintain
hole open.
241-11F-2 do +281.4 149.5 131.9 56,6 none aone 107.0 to 142.0 do
241-11F-3 do +285. 5 150,90 135.5 60,0 pone none 119.0 to 131.0 do
241-11F-4 do +284.6 155.0 129.6 not given none none = eeceeeea- do
241-11F-5 do +284.6 5.0 209.6 59.0 none none 56.0to 69.0 do Only caleareous lensas noted batween
58' to 69' depth,
241-11F-6 do 4282, 1 150.0 132.1 55.0 none none 117.0 to 131.5 do
241-11F-7 do +283.9 1550 128.9 6L0 " nome 45.5 to 153,5 121.5 to 126.6 do
(elight loss)
241-11F-8 do +284. 1 150,90 134, 1 58.5 none ——— 117, 0 to 131, 5 do
241-11F-10 fishtail +2B3.6 118,58 165. 1 59,0 none 98.0 to . 98.5 112.5 to 118.5 do
. (complete mud loss)
241-11F4s 11 do +283.7 118.5 165.2 64.0 none 40.Dlho 118.5 112.0 to 118.5 do
(slight loss)
241-11F-12 do 4285, 4 85.0 200, 4 59,0 none none = o=emeceee= deo Piezometer installed in this hole. Shallow
. bering, did not reach calearecus zons,
Fa24 split spoon 4286, 4 8L.0 205, 4 not given none none  seesssess do Shallow boring, did not reach calcareocus
! zone.
g F-25 - do 4+285.9 163.9 122.0 do none none = ===——=--- do No sampling below 80' depth,
¥ r
3 | Fezb do +282.6 81.0 2016 do —~ e do Shallew boring, did not reach calcarecus
L. zone,
L.:.fdj
RS | F-27 4 do +287.3 168.9 118. 4 do ST none 121.0 to 135,0 do Caved between 164, 0 to 168, 9 ft,
g -
J CF-29 S do +281, 1 149. 6 131.5 do none none 118.0 to 134.0 do No sampling below 82' depth,
[ 30 do +281,5  153.5 128, 0 do none nons 107.7 to 147,0 do No sampling below B1' depth.

| F-31v do +283,3 154, 0 129.3 do none none 125.5 to 137.0 do No sampling below 81' depth.
|

TF=32 v do +282.8 155.0 127.8 do not given not given 105.0 to 108.0 do
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Continuation of Summary of Borings Prior to 1974 (includes the US Army Corps of Engineers borings) (from Mueser, Rutledge,
Wentworth & Johnston Consulting Engineers 1975a)

SUMMARY OF BORINGS MADE PRIOR TQ 1974 - BUILDING 241F - TANKS NOS, | THROUGH 8, 17 THROUGH 20, 33 AND 3%, SAVANNAH RIVER PLANT FILE NO, 4387
Rod, Casing Grout Required
Boring Type of Surface Depth of Bottom Elevw, Ground Watar Droppings or Drilling Mud Losses Calcareous Material To Fill Hole :
No, Boring Elsv, Boring Qf Boring _Level-Depth  Settling-Depths Depths Depths Cubic Feet Remarks
I it +292.2 125. 9 166.3 do none 1z2' 124. 9 to 125.9 do Boring apparently discontinued because

t4l-F-1 split s poon {lost 1,200 gallons of lack of drilling mud circulation,

of drilling .

mud)
241-F-2 do +289.6 141, 5 148. 1 do nons nons 125.6 to 141.6 do
24]1-F-3 do #292.0 140, 1 151.9 do none none 125, 0 to 140,0 de
241-F-4 do +291. 8 140, % 150.9 do none none 124.8 to 140, 8 do
241-F-5 de 4289.7 141,5 148,2 do none none none do
241-F-6 do +293,2 51.5 241.7 do none none none do Shallow boring, did not reach calcareous
zone,

241-F-T do +291. 4 125.8 165, 6 do none none none do
241-F-8 de +291.0 126, 5 164,5 do none none none do

FF-4 do 4291.7 179.0 112.7 do not given not given 125.0 to 176.0 do TABLE NO, I
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Summary of Exploratory Borings Completed in 1974 (from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975a)

SUMMARY OF BORINGS MADE IN 1974 - BUILDING 241F - TANKS NOS. 25 THROUGH 28 AND 44 THROUGH 47, SAVANNAH RIVER PLANT

Rod, Casing
3oring Type of Surface De‘pth of Bottom Elev, Ground Water Droppings or
No. Boring Elev, Boring Of Boring Level-Depth Settling-Depths
41-14F-1/ split spoon +283.7 169, 0 Ft. 114.7 20.0 Ft, 118.5 to 120.0 Ft.
41-14F-2 v do +286.2 169.9 116.3 31,5 128.5 to 130,0
f1-I4F-30 undisturbed +287.9 160, 0 127.9 61,0 none
‘1-14F-4Y split spoon +289,8 163.7 126, 1 70.0 123.5 to 124.5
148.5 to 150.0
153,5 to 155,0
L1-14F-5U v undisturbed +286.7 140, 0 146, 7 57.5 none
l1-14F-6 _ split spoon +286. 4 180, 0 106, 4 75.0 114,5 to 124, 0
11-14F-7U v undisturbed +285,2 174.5 110, 7 53,0 132.0 to 137.0

(casing dropped)

‘ Grout Required
Drilling Mud Losses Calcareous Material To Fill Hole

Depths Depths Cubic Feet
None 119, 0 to 132,0 Ft. 14,5
HCI1 reaction
131,0 to 133, 0Ft, No HCI reaction 112.9
(1004 gal,)
147
126,0 to 132,0  123,0 to 134,0 120, 8
(275 gal,) HCl reaction
132.0 to 138.5
(150 gal.)

80.0 to 145.0
(Lost 450 gal. during
redrilling)

84.5 (50 gal.) 124.5 to 143.5 151.5
111, 0' to 115'(complete HCI reaction
drilling mud loss)
121 to 130.
123,0 to 125,0

[
nome No HCI reaction %

0 to 75.0 113.5 to 133.5 94,5
HCI reaction

130.0 (220 gal.) 113.5 to 137.0 71.1
HC1 reaction

Note: Boring labels in the original copy were obscured in report binding; all boring identification labels have the following form: 241-14F-# except for the
piezometers, which are labeled No. #; from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975a
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Continuation of Summary of Exploratory Borings Completed in 1974 (from Mueser, Rutledge, Wentworth & Johnston Consulting
Engineers 1975a)

SUMMARY OF BORINGS MADE IN 1974 - BUILDING 241F - TANKS NOS. 25 THROUGH 28 AND 44 THROUGH 47, SAVANNAH RIVER PLANT

Rod, Casing Grout Requ{rod
3oring Type of Surface  Depth of Bottom Elev,  Ground Water Droppings or Drilling Mud Losses Calcareous Material To Fill Hole
No. Boring Elev, Boring Of Boring Level-Depth Settling-Depths Depths ~ Depths Cubic Feet
'1-14F-8 v split spoon 4287.0 170.0 117, 0 61,0 none none 126, 0 to 138,0 14,3
) HCl reaction
'1-14F-9 | split spoon +288.5 170.0 118.5 26.0 93.5 to 120,0 123,.0 to 154,0 170, 9
120, 0 to 121.5 (700 gal,) HCI reaction
123, 0 (50 gal, )
No. 1 piezometer +287.2 75.0 212.2 60.6 none none none
No. 2 piezometer +290, 1 51.0 239.1 no water none none
encountéred

Boring labels in the original copy were slightly obscured by holes of report binding; all boring identification labels have the following form: 241-14F-# except
for the piezometers, which are labeled No. #; from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975a
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Appendix B: Summary of Foundation Grouting Activities for Tanks 25-28 and 44-
47 (from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975b)
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“Hole Numbers” correspond to drill locations at tanks 25-28; maximum grout injected occurred in hole 22 (3, 108 cubic ft); table
continued on next page for tanks 44-47 (from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975b )

TABLE NO. I

SUMMARY DF PAY CUANTITIES
NEW HIGH LEVEL WASTE TANKS

DRILLINE AND GROUTING OPERATIONS - AREA F

PROJECT 95 1493 FY'75 - TANKS NDS.25 THROUGH 20
SAYANNAH RIVER PLANT

PROJECT FY'T1 - TANKS NOS.44 THROUGH 47

ITEH MUMDER 2 3 [} 5 6 7 ] 9
ORILLING FOR SPLIT SPCOM BENTONITE SAND FOR GROUTING OF STANDBY TIME ;
WOLE SCIL SAMPLING | sAwPLING IN | (CENENT FOR | pop Mixing NIXING ShouTine 25 | oRiLL wotes OeecTe ' | PER skouring SROUTED KOLEH
WUMSER | AND GROUTING | DRILL WoLes | SROUTING Mix GROUT GROUT WITH Ca/Ciy MACH INE :
Lin.Ft, Lin.Ft. 94 1b. bage 100 Th. bage Cu.Ft. Cu.Ft. Cu.Ft. Cu.Ft. Hours Hours
| 161.50 56.50 . 6.56 1.09 3.1 53 . 5 . .
2 163.00 58.00 15,12 2.52 80.5 112 = 122 - .
3 166.50 61.50 .10 5.51 176.5 v . 267 . -
M 161,50 51.50 2.48 0.4 13.2 20 . 20 E .
5 170.00 0.00 255.50 33.40 1,419.2 959 1,186 2,148 - (R
6 161,16 51.16 34,50 8.75 184.0 79 . 219 " .
7 151.50 41,50 \.70 0.78 25.0 D) - ) - )
' 170.00 0.00 \.28 0.71 22.8 35 - 8 = s
9 151.50 46.50 23.70 3.95 126.0 186 = 186 - .
10 161.50 §1.50 v.00 0.68 21.9 2 - 82 - s
" 170.00 0.00 23.90 3.90 126.0 193 - 193 - .
12 161.50 51.50 3.00 0.50 16.0 15 - 15 - -
13 170.00 0.00 23.84 3.98 126.2 188 - 188 - .
" 170. 00 0.00 2.25 0.38 12.0 33 - 2 - -
15 147.00 42,00 2,60 0.60 19.2 30 . 30 E .
6 151,50 46.50 "N 0.69 22.0 n - 13 - =
17 70.00 0.00 \.4 0.74 21.4 7 - a7 - -
18 147.00 ¥2.00 10.30 171 4.8 ) . 1) - -
19 146.50 §1.50 3.72 0.62 19.6 ] - ] - -
20 170.00 0.c0 3.56 0.60 19.0 33 - 3 - -
21 151,00 16,50 1,58 1.92 61.5 7 = a7 = =
17 146.30 46.£0 370.95 54.02 1,978.0 3,108 - 3,108 . 9.66
23 170.00 6.00 2.76 0.4 4.7 1) - 2 - .
24 145,30 65.00 v.85 0.81 26.0 35 - 35 - -
25 157.86 57.66 152.50 25,45 813.5 1,282 . 1,282 - .78
26 146.50 46,50 105,66 I7.60 £87.0 98 - 918 - .50
27 161.00 81.00 6.35 1.0 33.8 53 - ) - -
£5 170.00 0.60 1.96 0.25 10.§ 1) - 1) - -
56 170.90 0.00 56.90 8.37 §56.8 20 (e 538 - 1.00
57 172.60 0.00 3.56 0.81 8.9 23 - 79 . -
58 160.00 0.00 324 0.41 17.3 = Y 27 . -
si 170.00 0.00 24,50 %.07 130.5 197 - 187 - .
56A 130.00 0.00 B.24 1.03 €3.9 - &7 67 - .
Plezomater K 0.90 0.00 1.00 0.12 5.8 - ) 1 - -
Lo 5,270.32 93%.82 1,219.22 184,50 6.638.9 8,861 1,802 10,263 - 2%.66
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Continuation of Table No.1 (from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1975b ) Summary of Pay
Quantities; “Hole Numbers” correspond to drill locations at tanks 44-47; maximum grout injected occurred in hole 53 (4,016 cubic ft)

ITEM NUMDER 2 3 ¥ 5 ¢ 7 ' 9
DRILLING FOR SPLIT SPCOW BENTOMITE SAND FOR GROUTING OF STANDBY TIMG
WoLe | SCIL sAwpuiNg | sawpLing in | CENENTFOR | rog wixing NIXING SaouTins or | omiie woues | TORL SENT | pex grouring oo o 14
WUMSER AND GROUTING | DRILL HOLES . GROUT GROUT WITH CafCiy MACH I NE 3
Lin.Ft, Lin.Ft. 94 1b. bags 100 1b. bags Cu.Ft. Cu.Ft. - Cu.Ft. Cu.Ft. Nours Nours
28 170.00 5.00 171.%0 21.39 912.0 . 1,871 1,371 - 3.3
Fel 170.00 5.30 209.50 24.70 1150 - i, 687 1,697 - 1.75
0 186.50 56.50 .13 0.39 16.7 44 - 27 - -
31 170,00 43,00 5.63 0.71 30.0 - 13 LT3 . -
32 170.00 0.00 AT 52.09 2,224.2 m 2,666 1,387 - .25
3 181.50 71.50 2.78 0.35 1n.8 24 - 24 - -
N 170.00 6.00 5.60 0.70 30.0 - " % - e
35 170.00 0.00 .77 0.60 25.4 - 39 19 - -8
36 171.00 66.00 190,60 23.31 1,061.1 1,568 %0 1,598 - .50
3 155.00 24.50 338.47 ul.83 1,786.5 - 1,717 2717 - -
38 170.00 0.00 3.43 0.43 8.3 - L n - E
33 (51.50 ¥6.50 5.01 0.60 7.2 w0 - e - 2%
%0 170.00 0.00 232.65 29.04 1,488.0 - 1863 X - 0
4! 170.00 0.00 2.00 0.26 10.9 G 5,198 3,888 - 750
52 165.25 ¥5.25 ¥75.20 59,36 2,535.9 695 ol 88 - g1
“ 160.00 31.50 9e. N8 1.81 el - 30 30 - -
w 170.00 0.00 3.80 ~0.48 .2 - X = : e
¥ 146.50 46.50 : : . - :
“ 170.00 0.00 - 129.20 16.15 690.0 - iy 11y - e+
7 170.00 0.00 66.73 8.31 $58.5 1 905 1,905 - 2.00
a8 145,00 30.00 237.00 29.58 1,265.0 : 11 %5 - .
uy 151.50 36.50 £.90 0.86 36.7 E ] » - 5,00
170.00 0.00 §91.05% 11.39 486.C 2.806 - 5.50
3 %2.77 1,829.0 {11 2,091 ' !
51 146,50 36.50 350.60 - . b ) -
5 o ey o4 o1 65 2,579.0 7o 1,m2 “.0i6 - 1.0
161.50 56.50 . . g = 1,834 - .
S 151.50 51.50 169. 18 28.20 L L a2 2% - 5.5
59 170,00 0,00 106.20 132 867.9 - - . - ,
50 170.00 0.00 3.60 0.45 0 N0 - 1,547 1,547 - 2.00
sl 170.00 0.00 150.22 23.76 l.lsl ' - " 4 . .
62 170.00 0.00 2.92 0.37 5.6 - = 3 - -
€3 170.00 0.00 .37 0.5% o - 131 13 . -
64 179,00 [+ 2560 T b - 7i8 m " 2.06
170. 0.00 85. ~ - 710 . .
o 170.00 0.00 92.56 1.57 ¥93.6 - 70 ” . .
67 170.00 0.00 €.25 0.78 e - o 27 - .
68 170.09 0.00 3.28 0.40 7.1 - = - = -
69 170.00 0.00 5.20 0.65 it - n 2% = -
LT 170.00 0.00 .77 0.35 . I - i "
TOTAL 6,450.75 710.08 %,225.85 535.1% 22,799.% 6,020 : '
FY*77
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Locations and ground surface elevations for grout holes associated with the foundation
grouting of tanks 25-28 and 44-47; FY’75 holes = holes associated with tanks 25-28;
FY’77 holes associated with tanks 44-47 (from drawing no.1, Mueser, Rutledge,
Wentworth & Johnston Consulting Engineers 1975b)

TABLE MO. |
——————

AL Bl [TRL
W&LE CO0sD 'MATES GRCUND SURFACE . HDLE ' _J:I:I:IIQIIITH GROUMND SHRFECL
WUBE NOETH EAST ELEVAT VM NUMBER | momTa |  EAST ELEVAT | D4
N F] TTize. | saTes. H8 28 T TTi2e. | u25es, 744 8
| TTI20. [ BITES. 289 L s | TTIRG. | RI%E, 189, %
3| TTI0. | SImOL. 2090 3 TG | E26M. | 9.0
i | 77070, giTaL, JAN BB b || TrOMh. i BAgE, 8T .9
§ TTOTE, | 5I7ES. 789 B0~ -3 TIOT. | B2SES. | 788,55
i TTOFD. | EIAIE. 290, 54.. 48 TTOT0. | G2EAE, 148,38
&i 77870 | SZR%E. 290 54 T TI005. | EIEAS, 7.0
7 T7O08, | SI735. 187.77 = o L TTO0S. L o 7.5
8 TTODS. | sTTES. 19003 38 Trob. | G3e4E, 7. %
] | TTODE, | SImas. 28080 . T TESD. | 5ITEAG. 86,58
g | Teswd. | 8275, 287 .21 b TORD, | ETERS, 87,08
il | TEWES. | EITHS. I87.88 [ TEemD,  SIENE. 86,91
P2 Tisde. | SIAAE. 785,60 [T TEATT. | EIEAE. 7.3
o1y - | mearT. | 53TES. 704 . BO %l TEATT. | GIENE, 6T .68
T Tea77. | sa7es. 207 .08 1 ?TE:?I;. | 52985 itﬂ:
i TEETT. . INT.61 + 2 - i . .
|= I TERIS. Eg: p].C 1] Wi TEAS. EILES. ! Fi T
T TEERO. | BITHE. 28621 LT TeBiS. | 52595, 86,25
.08 TEAIS. | 52835 8L, 70 &5 | 7emps. | s3err. 5,27
189 | Temel. | saTAT. | 83.70 Wb THEESS. | SISH5, 78%. 31
F 2] 76755, | S2TES. - 28N . 3T N7 TETES. | SIERE, ki k1
1l TETES, | SIMAS. | 285 M) L1 TETES. | GIEME. 783.28
-3 76687, | saTee. | 2m3.7% ] TESSS. | SIEAS.. n7.37
11 TeEps. | sames. | 7m3.%e %0 TEERS. | 52695, | 85,92
P TEESS, | 2828 | 193,12 5l TEERS. | SIGAN, 184, 58
| TeEms. | s37as. 1,33 52 TEENS: | STEN5.- 788.01-
% | TEsW. | szrer. | 2ma.sé 3 TRENL. | EIUNE mE.73
1 Tews. | S2036. | 1207 G { | TEENE. | GIEN5- 760.84 -
-q.i TTOST. | SB08. 18%.78 - TS, | BIETL. 7.7
5 TEETI. | sITED. 82,95 50 TTORS. | S2818. 9.2
GEA TATI. | SITEL. 383,95 -1 TTORE. | 52630, 4.0
<57 TEETE. | LpaDN. 8%, 21 63 TEsDN, | SISEH. INS. 90
&8 TETIA. 4] SITSA.* 24t - &3 TEMNR. | SISO G50
s K1 TETHE. | SITEE. 64, 70
65 TETTS. | E3EiNa 98360
66 . | TETE. | 52567. 158,50
—~&7 - | reraw. | s2e20. 1.8~
&8 THETD. | SE20. T85.1=
| - &8 TEETI. | S2BET. 6.9
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Appendix C: Summary of Foundation Grouting Activities for Proposed Tanks 52-
55 (from Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1977)
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July 2007

Modified from Table No. 1 Summary of Pay Quantities, Drilling and Grouting Operations (Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers 1977); columns 5 through 14 of the original table are not included below (these columns provide details for
amount of cement, bentonite, and sand used in each grout hole in addition to hours of standby and redrilling required for each hole);

all grout holes have the prefix 241-55F before the hole number (e.g., 241-55F-1U); table continued on next page.

B = -
ITEM NUMBER 2 24 3 A ¥
OLE DRILLING FOR SPLIT SPOON °  SPLIT SPOON RECOVERY OF
RUMBER - so1L ShueLing | ORTLLING MITH | il i i | smueLing wiTw | uwpisTersep | TOTAL GROUT
AND GROUTING DRILL WOLES CASING | SAMPLES INJECTED IN
e ] - L _ | DRILL WOLE |
Lin.Ft. Lin.FL. LinFt. o LinFt " Samples Cu.Ft.
— s = — - e
w - 175.7 - - 175.7 1 5 1219
? 171 - ~ 171.8 - - 92
3 176.5 - — 176.5 129.0 - 1140
W 175.3 - 1753 - L] T8
5 156.0 - 36.0 - - 3%
6 151.5 - s - - 1657
7 : 151.5 - 3.5 . = 3l
(] g 151.5 99.0 ¥i.S . - “or2
9 : 156.5 - 56.5 - - 788
10 ] 151.5 - 51.5 - - 2193
i‘ |
i i 150.9 130.0 5.9 - - 1436
12 151.5 - 51.5 - - 1106
F} 151.5 - 46.5 - - 3212
L] 151.5 - 51.5 - 1626
15 151.5 51.5 - - 9
16 151.6 - 4.5 - ! - 911 “
1”7 146.5 - u6.5 - - 26
I8 I 155.0 - - . - n
19 : 150.0 - - . - 29
{4 l 155.0 - - - - 911
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Modified from Table No. 1 Summary of Pay Quantities, Drilling and Grouting Operations (Mueser, Rutledge, Wentworth & Johnston
Consulting Engineers 1977); columns 5 through 14 of the original table are not included below (these columns provide details for
amount of cement, bentonite, and sand used in each grout hole in addition to hours of standby and redrilling required for each hole);
all grout holes have the prefix 241-55F before the hole number (e.g., 241-55F-1U).

B -
ITEM NUMBER ; FJ 24 k| k1 L]
WOLE DRILLING FOR SPLIT SPOON ©  SPLIT SPOON RECOVERY OF
s so1L shueLing | ORILLINE MITH 1 Siipi g i | swieLing wiTh | oNpisTumsep | TOTAL GROuT
AND GROUT NG DRILL WOLES CASING | SAMPLES TNJECTED IN
e i : N _ | DRILL WOLE |
Lin.Ft. Lin.FL. LinFt. -, LinFt, ;I " Samples Cu-Ft.
2 155.0 : - - = = 29N
22 185.0 - - - S 29
23 156.0 - - - .’ %0
24 155.0 . - - - 45
5 155.0 - . - - %3
2% 155.0 - - - : - 299
7 booiss.0 - | - - - A
MOTE: WOLES MOS. 28. 29 & 30 WERE OMITTED :
3l f 1%5.0 - = - i - 27
32 ; 155.0 - - _ - ' - EE
33 i 155.0 - - - - 2193
38 \ 155.0 - - - - T
» Y 155.0 - - - - 18
Ee x
3 | 155.0 - = 5 - 1442
37 155.0 - - - - 3
k" I 155.0 - - - - L]
39 i 155.0 - = - : e
%0 r 155.0 - - - - 121
Ul ! 155.0 - . - - - 852
Wz I 155.0 - - - - 25
TOTALS I 6077.4 229.0 1287.% 1219.0 ] 31472
-
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Locations and ground surface elevations for grout holes associated with the foundation grouting of tanks 52-55 (from drawing no.2,

Mueser, Rutledge, Wentworth & Johnston Consulting Engineers 1977)

Fy' 79 WASTE STORAGE TAMKS 52 TO 54
HOLE COORDINATES GROUND SURFACE| HoLe | COORDINATES | GROUND SURFACE
NUMBER NORTH EAST ELEVATION HUMBER | HORTH EAST ELEVATION

U ??am 52333 2917 23 | *76877 52383 2903
2 655 52333 2919 2a | frg755 52283 291.2
- &E940 52333 2901 25 6755 52383 2913
U 6815 52333 291 26 6645 52283 2912
s rjwfﬂ 52333 291.7 27 | freeas 52383 2915
& }:am 52283 2926 28 | Omitted

7 z‘O?ﬂ 52383 FaLE £9 Omitied

8 /oos 52333 2919 LT / Omitted

9 '{wm 52283 2908 | 725 52358 2925
1o 40 523283 2897 32 %ws 52308 2318
1y 877 52333 2903 33 “76785 52358 291.5
12 815 52283 2918 34 {;s 846 52308 2908
13 6815 £2383 290.3 a5 ; Y7684 52358 2896
" ;ﬁ 755 52333 2915 % | 76909 52308 29035
15 6695 52283 2917 37 | '7és09 52358 2896
18 6695 52383 2914 iz | /)59?2 52308 290.6
17 6645 52333 2917 39 6372 52358 2906
18 7120 52283 281 S0 - PRIOA8 52338 Faat= T
19 77120 52383 2917 41 {7 7038 52358 2904
20 7008 52283 2907 42 77095 52308 2918
21 77005 52383 290.2 43 2mitted

22 i?ﬁ;:r:r 52283 2907 | |
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Appendix D: Summary of Grain Size and Hydraulic Conductivity Data for Samples
Collected by Army Corps of Engineers and Analyzed by South Atlantic Division
Laboratory (Borings FU-1, FU-2, FU-3)
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Summary of Laboratory Data from South Atlantic Division Laboratory for Samples from
Borings in F-Area

Boring Top Bottom Elevation e % % A specific hydrau_li_c
ID Depth | Depth £t ml Classification | <0.42 | <0.074 | <0.005 gravity conductivity
(ftbls) | (ftbls) mm mm mm (cm/sec)
FUl 4 5 303.5 sandy clay (CL) 78 40 35 2.63
FU1 51 6.1 302.4 | clayeysand (SC) | 74 36 23 n/a
FU1l 7 8 300.5 | clayeysand (SC) | 70 34 25 n/a
FU1 8.1 9.3 299.3 | clayey sand (SC) | 82 26 24 n/a
FU1l 10 11 297.5 clayey sand (SC) | 93 31 25 26.9 5.60E-05
FU1 11.1 12.2 296.4 | clayey sand (SC) | 92 33 28 n/a
FU1 13 14 294.5 | clayey sand (SC) | 98 33 27 n/a 4.50E-06
FUl 141 15.3 293.3 silty sand (SM) 93 33 23 n/a
FU1 16 17 291.5 sandy clay (CL) 91 45 38 n/a
FU1l 17.1 18.1 290.4 sandy silt (ML) 92 39 24 n/a
FUl 19 20 288.5 clayey sand (SC) | 95 32 23 n/a
FUl 20.1 20.9 287.5 | clayeysand (SC) | 98 32 28 2.57
FUl 22 23 285.5 clayey sand (SC) | 96 31 26 n/a
FU1 23.1 24.3 284.3 | clayeysand (SC) | 98 29 24 n/a
FU1 25 26 282.5 sandy clay (CL) 98 40 22 n/a
FU1 26.1 27.3 281.3 | clayey sand (SC) | 98 33 18 n/a
FU1 29 30.3 278.4 | clayey sand (SC) | 77 26 15 n/a
FUL | 31 32 276.5 C'a@ga”d 94 | 28 14 n/a
FUL | 3219 | 333 | 2753 C'a{?ga”d 9 | 24 16 n/a
FUL | 34 35 | 2735 C'a%esgand o7 | 20 | 14 | 259
FUL | 351 | 364 | 2724 C'a%esgand 75| 16 | 12 | na
FUL | 37 38 | 2705 C'a%esgand 79 | 31 | 12 | na
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Boring Top Bottom Elevation e o % A & specific hydrau_lig
ID Depth | Depth ft ml Classification | <0.42 | <0.074 | <0.005 gravity conductivity
(ft bls) | (ftbls) mm mm mm (cm/sec)
FUL | 381 | 393 | 2603 C'a{?ga”d 83 | 23 16 | 263
FUL | 41 | 423 | 2664 C'a%esgand 84 | 32 | 23 | 266
FUL | 41 423 | 2664 | SiltySand(SM) | 94 | 20 17 2.68
FUL | 43 44 264.5 C'a%esgand 69 | 23 12 n/a
FUL | 441 | 453 263.3 C'a{?’c)sand 57 | 22 12 n/a
FUL | 46 47 2615 | SiltySand (SM) | 73 | 18 8 2.71
FUL | 49 30 258.5 C'a{?’c)sand 88 | 23 12 2.7
FUL | 52 52.6 255.4 C'a@é)sa”d 80 | 38 19 2.62
FU1 52.6 53.2 254.8 | Sandy Clay (CL) | 93 43 17 n/a
FUL | 533 | 542 254.2 C'a@é)sa”d 100 | 30 14 2.68
FUL | 533 | 542 | 2542 |SandyClay(CL)| 98 | 43 17 n/a
FUL | 55 56 252.5 C'a{?ga”d 85 | 31 16 n/a
FUL | 561 | 571 251.4 C'a@gand 9 | 20 10 n/a
FUL | 58 59 249.5 C'a{?ga”d 88 | 31 14 n/a
FUL | 591 | 604 | 2463 C'a%esgand 88 | 21 12 n/a
FUL | 65 | 661 | 2425 C'a%esgand 76 | 14 11 n/a
FUL | 70 | 712 | 2374 C'a%esgand 80 | 23 17 n/a
FUL | 75 76 2325 | SiltySand (SM) | 95 | 16 11 2.71
FUL | 75 76 232.5 C'a{?’c)sand o1 | 18 10 n/a
FUL | 761 | 771 | 2314 | SiltySand (ML) | 32 7 3 n/a
FUL | 851 | 86.3 222.3 C'a@é)sa”d 56 | 18 15 n/a
FUL | 90 01 2175 | SiltySand (SM) | 54 | 11 4 n/a
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Boring Top Bottom Elevation e o % A & specific hydrau_lig
ID Depth | Depth ft ml Classification | <0.42 | <0.074 | <0.005 gravity conductivity
(ft bls) | (ftbls) mm mm mm (cm/sec)
FUL | 93 04.1 214.5 C'a@ga”d 54 | 13 7 n/a
FUL | 942 | 95 213.4 C'a%esgand 43 | 6 4 n/a
FUL | 9 97 2115 C'a%esgand 77 | 26 14 n/a
FUL | 97 975 | 210.8 sand (SP) 72 2 0 2.83
FUL | 97 975 | 2108 sand (SP) 81 4 2 n/a
FUL | 99 | 1001 | 2085 C'a{?’c)sand 83 | 14 12 n/a
FUL | 103 | 1037 | 2047 C'a{?’c)sand 69 | 17 6 n/a
FUL | 1038 | 1045 | 203.6 C'a@é)sa”d 100 | 98 63 n/a
FUl | 1045 | 1052 | 2029 | FatClay(CH) | 93 | 66 53 n/a
FUL | 106 | 1071 | 2015 | FatClay(CH) | 100 | 98 66 2.62
FUL | 106 | 107.1 | 2015 | FatClay(CH) | 100 | 97 77 n/a
FUL | 1072 | 1084 | 2002 | FatClay(CH) | 83 | 29 22 n/a
FUL | 109 | 1101 | 1985 |SandyClay (CH)| 92 | 67 53 n/a
FUL | 1102 | 1114 | 1972 |SandyClay (CH)| 79 | 41 40 2.65
FUL | 1102 | 1114 | 1972 |SandyClay (CH)| 81 | 42 29 n/a
FUL | 112 | 1138 | 1951 |SandyClay (CH)| 97 | 56 37 n/a
FUL | 118 | 119.1 | 1895 | SandySilt(MH) | 97 | 43 36 n/a
FUL | 1192 | 1204 | 1882 | SandySilt(MH) | 98 | 47 30 n/a
FUL | 130 | 1309 | 1775 C'a{?’c)sand 28 4 25 | 27
FUL | 130 | 1309 | 1775 C'a@é)sa”d 35 8 2 n/a
FUL | 140 | 1409 | 1676 C'a@é)sa”d 85 | 22 8 n/a
FUL | 1409 | 142 166.5 | SiltySand (SM) | 90 | 12 7 n/a
FUL | 150 | 1515 | 157.3 | SiltySand(SM) | 88 | 19 10 2.6
FUL | 150 | 1515 | 157.3 | SiltySand(SM) | 96 | 24 8 n/a
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Boring Top Bottom Elevation e o % A & specific hydrau_lig
ID Depth | Depth ft ml Classification | <0.42 | <0.074 | <0.005 gravity conductivity

(ft bls) | (ftbls) mm mm mm (cm/sec)
FUL | 1604 | 1609 | 147.4 C'?S’%’) _Sgnd 97 | 37 20 n/a
FUl 160.9 162.2 146.4 | Sandy Clay (CH) | 97 40 28 2.61
FUL | 1609 | 1622 | 146.4 C""g%’) Sad | gg | a2 | 21 | wa
FUl | 170 | 1711 1375 | Silty Clay (SM) | 98 23 11 n/a
FUL | 1712 | 1724 | 136.2 C'a(‘ég_sl_‘"’md 87 | 35 18 n/a

FU2 | 93 10.4 300.1 | clayey sand (SC) | 83 38 32 2.67 | 5.10E-05
FU2 17 18.2 292.6 | clayeysand (SC) | 77 23 20 2.66
FU2 35 36.1 2746 | clayey sand (SC) | 81 13 10 2.74
FU2 50 51.1 259.6 | siltysand (SM) | 80 18 15 2.67
FU2 70 71 239.6 | Silty Sand (SM) | 100 | 38 15 2.7
FU2 | 1201 | 1302 | 1805 C'a{?ga”d 58 | 20 8 2.65
FU3 7 8.2 310.6 | sandy clay (CH) | 95 68 39 2.72
FU3 | 8.3 9.2 309.7 | sandyclay (CH) | 98 73 46 2.79
FU3 33.1 34.3 284.7 | clayeysand (SC) | 91 36 22 n/a
FU3 | 49.2 50.2 268.7 | clayey sand (SC) | 67 13 11 2.67
FU3 96.2 99.4 219.6 Silty Sand (SM) 85 12 7 2.65
FU3 | 109 | 110.2 208.8 FatClay (CH) | 99 92 69 2.69
FU3 118 119.2 199.8 Silty Sand (SM) 79 18 16 2.74

Notes: table reproduced from original datasheet provided by South Atlantic Division Laboratory on July

16, 1951; notes some samples had duplicates analyzed and therefore have the same depth and elevation
information; original datasheet al.so included data regarding Atterberg Limits, shear strength, and
consolidation.
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Appendix E: Analytical Laboratory Results for DH-4 and DH-5 Boring Samples
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Results of laboratory tests by Pittsburgh Testing Laboratory; extracted from John A.
Blume & Associates, Engineers (1971); sample no. reflects the boring ID and depth (i.e.,
4-53.5 = boring DH-4 and depth 53.5 ft)

FITTSEURGH TESTING LABORATORY
S3AVANNAH RIVER FROJECT
7 JUNE 1971 (page 1 of 2)

WORK REQUEST: 860147

SUBJECT : SOIL CLASSIFICATION

REQUESTED EY: R. B. HOWARD

REPORTED TO: A. B. CUNNINGHAM, JOHN A, BLUME & ASSOCIATES.

SIEVE ANALY3IS

o ﬁo%g: #0  #e0 * Ao 450 #200 Lo pr Rl crass .
2- 90,0 32,1 98 93 g5 63 14 WOM - PLASTIC 5M
2-130.0 26.9 a7 8o 8z 73 b3 27 18 9 5c
2-150.0 24.8 a7 56 83 83 15 NON - PLASTIC SM
3- 45,0 200 100 100 g7 81 by 41 24 17 sC
3- B5.0 23.0 100 100 Th 26 10 NON - PLASTIC SF-5M
3- 95.0 25.1 99 Bg 75 1 30 48 28 20 5M
3-130.0 25.2 99 S0 51 34 12 NON - PLASTIC SW-35M
- 53,5 14,8 59 By 34 18 7 NON - PLASTIC SW-5M
b- 58.5  35.8 100 100 100 100 58 Bs5 38 b7 MH
b- 78.5 39.2 100 55 76 58 51 &7 21 Le CH
4- gB.5  17.1 58 a7 38 18 8 NON - PLASTIC SW-5M
4-108.5 18.8 59 56 g2 8o 22 2 24 3 SM
4-200.2 45.8 100 100 100 100 o8 B4 s 39 MH

h-z20.0 23.0 100 100 100 g8 B2 47 35 12 ML

- e
i N
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Continuation laboratory test results by Pittsburgh Testing Laboratory; extracted from
John A. Blume & Associates, Engineers (1971); sample no. reflects the boring ID and
depth (i.e., 4-53.5 = boring DH-4 and depth 53.5 ft)

WORK REQUEST: 860147

DATE : T June

1571

-

SIEVE ANALYSIS

SAMPLE % NAT. % PASSING ATTERBERG LIMITS

NO. MOIST. #10 #20 #40 #60 #2200 L.L. F.L. PB.I, CLASS.
8- 35.0 15.0 100 492 Bl 48 17 28 23 5 5M
5- 94.0 24.0 100 G0 50 15 6 NON- BLASTIC SW-SM
5-112.0 28.0 93 99 58 95 11 NON-PLASTIC SP-8M
5-14l,0 21.0 g5 91 B2 36 20 NON- PLASTIC 5M

4 LU

B, ELLIS, Inspector

PITTSBUEGH TESTING LABORATORY

M-}jd*h’ Lot o

R.C. BRINEMAN, SUPERINTENLENT.
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Results of laboratory tests by LAW Engineering Testing Company; Table extracted from
John A. Blume & Associates, Engineers (1971)

A TABLE 3
SUMMARY OF LABORATORY TEST RESULTS

Bore Hole
Sample No. DH2-55' OH3-60' DH4-68.5' DH5-44,25'  DH5-54'
Unified Soil Classi-
fication Sysmol (cL) (CL) (CL) (ML) (CH)
Specific Gravity 2.78 2.72 2.75 2.73 2.68
Moisture Content (%) 24.0 16.0 22.6 19.6 48.5
Saturation (%) B9.6 82.0 78.3 82.9 89.3
Void Ratio (e) 0.745 0.531 0.793 0.645 1.454
Unit Dry Weight (pef) 99.5 110.9 95.8 103.6 68.2
Unconfined Comp. 30.2 23.9 17.0 10.0 14.5

Strength {psi)



July 2007

WSRC-TR-2007-00283

Page 86 of 115

Grain size distribution for DH-4, sample depth 68.5 ft; analysis performed by LAW Engineering Testing
(extracted from John A. Blume & Associates, Engineers 1971)

Us STANDARD JIEVE SITER

Trace Of Clay (CL)

Speeific Gravity = 2.75

£ 30" 4 40 100 RO
w00 I 51" : T W o i
} : N fl 1
» ~. : NI . i
i e \ -4 : = -{
ol H : NI .
I i K |
- : i .' :
1 H \ i
i H | al
E w0 - i . : =
(-] I 1 L
: ] H I
z : AELY il e
1 1
[ ] f 1 —_ -
= | i ]
- j | : ] :
% : ‘ ! i I i
] - — r
2 = il .
E" : ! AN ]
v | i h i
; i 1 -
o I H i
W ] Lo w ] oo
GRAN BITE IN MLLIMETERS
SRAVEL SAND FmEs
E CosaLES coARSE | Finek  [coamsE| wEDwuM I FINE SILT  3ITES [ cLar uzEs |
BORING WO [ELEY OR DEFTH MaT wo/LL [FL] P DESCRIFTION OR  CLASSIFICATION
GRAIN SIZE DISTRIBUTY
ok -4 =68, 5" £4.5 6 |55 | 25]30| Light Brown And Light Tan Medium Sand,

o mo.__ 5450

LAW EMGIMEERMG TESTING COMPA!
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Grain size distribution for DH-5, sample depth 44.25 ft; analysis performed by LAW Engineering Testing
(extracted from John A. Blume & Associates, Engineers 1971)

US ATAMDARD MEVE SIZES
am" 4 o 0 40 &0 108 B
oo T T —— # 4
I H \\ : |' [
1
i ¥ |
] T N T S : i
b T
1 l. i i
T 1 E
70 ' L :
1 i i F
.0 ! 1 1
i : ; B
-
o i i _‘s' ]
- | : [ :'\‘ il 1]
] i .
[ 3 i ] - (] I - =
¥ ] : ! HEAY A
= ] ] ﬁ
1 H L i
: g H I 1 - —
5 : -\ I 1
E® u ‘
1 "‘-u.
i : ! : '---____-_
: I i i - ——
o f f | '
C ] 14 o ! [
GAAN SIZF N MELIMETERE
Lol GRAVEL SANE s
Innﬂ CosELES cOARSE |  FimE coamsE |  WEDRM | FINE ST MZES [ cLar sizma
BORING MO |ELEY of DEPTH AT wel Ll PPy DESCRIFTION OR CLAASIFICATION
GRAIN SIZE DISTRIBUTK
Jon wo.__5-430
DH-44, 25 45,25 19,6 | &4 | 17{27 Light Brown Slightly Clayey Medium -
To Fine Sand. (ML) LAW ENG TS N
Spocific Grawvity = 2,73
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Grain size distribution for DH-5, sample depth 64 ft; analysis performed by LAW Engineering Testing
(extracted from John A. Blume & Associates, Engineers 1971)

N U3 STANDARD MEVE SIZES
o0 r© oy ] 0 40 &0 100 0D
i L —
i H 0ol Inn
a0 i ' A
o 1 : . T
"l s 8 ¥ i e
] ! i : ~H
T0 ! : I - - T -
I ; | s .
F e ' E =
: | l
| i |
= I i
T i
= i
¥y - | I 117" BN
4 ' L -
[ ] I :
3 1 [ !
- - L .
(] i I
ﬁ 0 T L -
A H s -
] i 1 !
: H 3 0
o f Il ]
[ 0 [ o a0 o
GAAN MITE N BLLINETERE
ARAVEL . BAND FES
COMBBLES
[u coamsz | FINE comsE| mEDwm | FsE BILT _ S4ZES [ coar mizes
oRinE WO |ELEV OR DEFTH MAT we|L L [PL|®) DESCAIPTION OR  CLASSIFICATION
GRAIN SIZE DISTRIBUTION
H=5-64" fila
BOT 48.5 133 | 38| 95| Tan €lay uith Fine Sand Partings o wo._ S5=850
{Blocky And Slickensides = heavily
Over Consolidatvad) (CH) LAW ENGINEERING TESTING COMPAN
Specific Gravity = 2,68 Y
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Appendix F: Drilling Log for Boring DH-4
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(extracted from John A. Blume & Associates, Engineers 1971)

r =

DRILL HOLE LOG Mo._DH =<t FEATURE & 4884 , TANAS &y Ty 3 : ﬂ =

LOCATION _ & T 7o £ S3i9o DATE STARTED <<=-2&-7/ 1 % §

. T LOGGED BY AS~EEL M. T TTrLE DATE FIMISHED ‘S = @- 7/ : EI 2

T | =

Ew | T | SURFACE ELEV. Z7<-2° DATUN AA.S.L. = =

wi | Lo SAMPLE | i

e~ 5 5| DESCRIPTION REMARKS HUMEER = =

11 H 1 | 1 =
It Silty fine to medium sand (80% 1 I E i
T sand 20% fines), quartiz sand w/ 1 I O
Ihiit seattered mica, red (2.5 ¥A 5.6}, I I as ml

g4 malst, medium dense, no cementa- - -5 -

T [+t tion, poorly graded, mottled color 1 1 ]

1 w/ purple and yellow brown pleces I T -

] to /2" - 1' clay layer at 4.5, T T H

T ! scattered gquartz gravel to 1/2", I | I ]

ot I i 1., &% .

e 1 ] A L -

i 1 brilling Wi auger - "AW' rod 1 =

1 I to 30'. I 1 ]

- Tl - X - u

T I I o

Igl9 1 1 13,5 I], o

Lol T TF s

I I I nlin

1 1 1 oo

- - L u b

- ul |y - - u b

+ T - =< a - : L

1N I I /8 i H

‘20--—“' b . + Lo g H

| T Aleernate clayey and silty sand 1 1 ulin

Tt layers wiclean quartz fine to p I = r

1i medium sand layer 1 1/2" thick at 1 1 H -

1 9.7 1 1 0B

1

15:: i I I - £3.5 Iy

13 Hottled from 3.5' 33.5" indicating T 1 H B

.,i A fill material. Colors are spots § + H H

1! 1 purple and yellow brown to 152" ] I = -

] J“r diam, T Diffleult to return cuttings wf I u u

Tk i 1. 285|000

50--1 | "'_—Ja v :

: Started drilling w/iwater and 5 E

L I mixing "mud", 3 7/8" tricone 1 u

[ 1 bit vsed - 25-30 gal, to Fill I -

i 1 hele, (barcid - "Quick Gel" 1 a5,5 H

L I mixed wiwater) iy -

I I Approximate depth of base of 1 H

1|4 T_| tanks. I -

T Tip of Shelby: sil i — 1 =

+ po elby: silty Fine to A . ; + A5 H

ol il medium sand (B5% sand 15% Fines) Hard drilling - 7 minutes Je0 O

1 i quartz sand yel lowish brown (10 YR Ec'“ bf‘-" sa:d and gravel at 1 =

| T4l 6/B) moist no cementation, poorly ase of tanks 1 L

| Ik graded fine to coarse sand w/fines 1 M

T {35% sand 5% fines) sand-subangular 1 sal/f i 1 ]

1 Lr to subrounded [SH) gal/foot loss In mud I =35 ]

Page [ of @&
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; # & i =
DRILL HOLE LOG No._ Ok mele FEATURE /S AREA . TANKS ¥/ THEU = & : E \g/l'
LOCATION & 770090 £ S3/9S DATE STARTED_. . oL - T&i="F/ 1 = E
o |L0GGED BY _SRES M. TUTTLE DATE FINISHED & = Lo =T/ : 2 2
zh | =
EwE o | SURFACE ELEV. 27,727 O0ATIM M .S.L., —p E E
[Ty Ty
&= |2 5[ pescriprion REMARKS NUMBER | = =
Il 1 I oAt
+t I orilling w/''mud" I H HE
It 1 I O RE
4 |® 1 4 =4 HE
+ i + -+ = F
I3 I I =85 il
=] - -+ =50 = b
ITal3 Tip Shelby: Clean Fine to medium 1 1 ull
+ i) sand yellow, (2.5 ¥ 7/8), dense, 1 + H
I ‘| guartz sand, moist, sand sub- 1 I i
I3t angular to subrounded (SM} - T T o
T I 1 555 .
g5 4|4 . -+ 55 =
Thils Very dense - same material with silt | T e
PN reddish yellow (7.5 ¥R 7/8) (sM) 3 i ulls
148 1 1 -
+ || b0 + + -
ALl T 1 -
1 1 1 53,5 -
=N + mEY -
/ Tip Shelby tuba: silt, light gray, T by m
/ (5 ¥ 7/2) 1 1 i |
35_'4 Grading light red 10 R 6/8 clay (CL) T .y @38 =
i i ; :
::% Sandy clay, mottled light red, white T I ]
::ﬁ‘/ and moderate reddish orange, 10% fine T I n
Fo B gand, moaist, stiff {sC) + + L
. A 1 40 s 5 u
4 1 4 u
17 I 1 slls
15 45 Tip of Shelby tube: fine to medium - + = u
I%s sand with clay - 95% sand, 5% clay, I I ‘H B
T yellow (10 YR 7/6) 1 T H
Al -+ -+ T
1 1 1 735 | [0 H
'?‘5--% -+ ~+T5 = -
174 Grading to clayey sand with lenses of T T s
) b -
1787, clay = light gray with orange specks F 1 sl
I5% (5C 1 I 40 H
£ .;1'.H r + - : u
Ires 2y I I 78,5 . ]
soL Light gray clay with streaks of fine I Tas ' : =
1 to medium sand {CH) 1 1 H H
/ : 1 ==
+ - + K
% Grading to sandy clay B5% clay, 158 | 1 H B
1 fine to medium sand |lght gray, very <+ + a3 8 .",'. B
35'_'/‘ densa hid Tas us
¥ 1 I OO
. 4 4 H E
£ A s L H
G Grading to clayey sand, B5% sand I I 0 P
:f‘,i 15% clay, moist, medium dense [SCh T as8.&| il O

Pace € of &
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1)
DRILL HOLE LOG No. O~ -<- FEATURE A~-AIREA, TANKS 2y ?'.“a".-fl'..-"#ﬁ I
LOCATION __ & 77000 £ S3/9o DATE STARTED ==+B&e-7/ i
. LOGGED BY ERED A TUTTLE DATE FINISHED S=& =7/ I
T | =
El T |GURFACE ELEV. 275, 27  DATUN AA. 5. L.
B¥lze SAMPLE
= = = | DESCRIPTION REMARES HUMBER
;P I I
95 Fa T T
Foiits 1 1
."1;!1 + <+
4 a.'ﬁ_".-. - o+
i _— - -
I]uﬂ_"_q N5 Fine to medium sand with silt, I T ioa R85
I & angular-subangular quartz, yellow, + 1
Toet {10 ¥R 7/6), wet, very dense (SW=-5M) I I
F.W5 I I
Ty - 4
1%k T 1
b I fast drilli 1
b + Continucus medium Fast dr ing +
o6 40T : os
1 I 1
Ipizn I I
-_': 1! S1lty sand, highly weathered feldspar I E_ =
a1 Iy with fine quartz samnd remaining, sand I .
:: : EDE. sile IDEP palt yz”w {5 ¥ ?.u”l], :: T
I4.37 very dense (SH) I T
IRLEE 4+ +
I0 WA Tip at 109.2": calcium carbonate in T ; e T
el t small Flakes te Form hard |ime I Contlnuous medium slow drilling Tus
I ;'_' material. I T
I I Possibly shells 1n cuttings 1
- "JI' — I = I
P11 1 Fine sand with silt, sand 30% silt 1 (small hard white pleces) I
5|3 10% pale yellow (2.5 ¥ 7/}, dense, - + s
s RARIL 11 dark yel k 4 X e
PROTRITTT thonsghans fan) o SPocks S6atEerd T weqium fast drilling wizones /%
::u-i.:, T (6") of slow drilling 1
Ti4/4 I T
::! 3 Grading fine to coarse sand, olive I I
1 yellow (5 ¥ /6] (SH) + 1
e " T -_;—uff;
T4 I I
£ 10l - -+
I3l I 1 285
30+ 1.*_ + Fr30
'Y - -
i 3 1
T I i
I+ I 1
14 ib:T T i

Page 3 of &
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. # # ! ]
DRILL HOLE LOG MNeo. &4 =< FEATURE <~ -AREA, TANKS ¥/ TREU ™ & 1 b g
LOCATION & 72000 & S3/90 DATE STARTED _£-2&-7/ i A
= LOGGED BY  A~RED MH. FTLTTLE OATE FINISHED & = Ge=/ 1I 2 2
=12 —
S| E  [surrace ELev. 274,27  DATUH AAS, L. = =
gr |38 - SAMPLE | B
WL 2 [
w =i | DESCRIFTION REMARKS HUMBER z =
+ 1L - s e
Il I I K
I 1 I o
1 I 1 H
13 Silty fine sand, B0% sand - 20% silt, ¥ 1 ,as.= ]
o L black {5 ¥ 3/1) (SM) I .".g.g.aaa u
ik I T »
Tifs T 1/4 bag of drilling mat'l. used T -
T T o this depth + M
5y T ptaad »
I 1 I -
T4 T I o
£ [4lF s - -
T 5ilty fine to medium sand 85% sand T 1 = ]
.-'5'.5-"-;" 1 162 silt, black {5 ¥ 3/1) wvery T I E;-r-a. s
St ’ E dense, moist-wet (5M) p T H
Y. ¥ 1 H
./a Calcaresus material in cuttings. I I -
:_:% I Struck hard drilling at 151.5° I .
= + wery strong reaction of cuttings T .o -
5L T to kel T 7
:}f; ) T Penetrated rock on 6-28-71 with T u
ﬁ,/% - fishtail bit. Returned on 1 -
T, £ 4=29-71 with % 5/8 tricone bit. + -
17= —Fr . di d with silt T 152.5 to 153.5' fast and slow I /s8.5 Z
-+ ne to medium Sand Wi 5 i s et t' '|I:e tin (LA il u
fﬁﬂ—__—:u.lh reddish yellow (7.5 YR 6/B), T ?::ar:? ton alternating 3 Tieo H
3o quart?, moist, very dense, (5M) T I u
I . I L -
oo T 2:00 pm. P " 1 u
i . I 2:00 pm. Put 3 5/8" tricone bit 1 o
1 1 ] 1 u
fad|  Glor: lighe arar (5 v /1), E o ectton ot aritt v to | |1 :
4 ' ' . + = hole £ i t 120 T s -
w530 chick, F reem hole for casing fo 3 T =
-+ a + + 1
Tone I T u
I N I I u
--Ej + + -
1 Fine to medium sand with silt I I teds H
Jra LT W I g ]
Ta, T 166" Secured from sampling T u
It I I u
I’ I 1 0
el I v =
1ot ¥ 1 .
1 58907 L I ]
Tet ! I .
[ I -
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DRILL HOLE LOG No. OM =<  FEATIRE S AREA , TANKS %/ THey #3
LocaTion A FrFooo & S3/99

DATE STARTED _=F.Zo =7/

INTERVAL CORED
+__

=
L
=
-
=
—_ LOGGED BY SEEL & TLUTTILE DATE FINISHED S -G =71 2
T
E SURFACE ELEV. T7aL, @/ DATUM A, . i, Z
il SAMPLE =
o DESCRIPTION REMARKS HUHBER =
1 1 1 H
I I 1 1
- e e .
+ 2 - -+ n
1 1 T =
+ i 4 L =
I I I
iAE1 . -+ -+ 85 H
1 Ty 1 1 H
La I ] H
I ™ 1 ] -
Io.n I Dropped 150" of drilling rods in ] H
I 1 hole when returning to bottom wf 1 o
I + bit at 4:45 pm. T /4= -
ot —rf— T T 9¢ | B
1 §|Ff:trh medium sand with sile, an- ] - H
I gqular to rounded, quartz, yellow I 5/3/71 - Hole s P 3 H
1 1 gqueezed in below I »
3 {10 ¥R 7/8), wet, very denze. (5W) T 907 over weekend. FRods were 1 -
T, " T drilled in below 110°, Reached I
" I 10: . 1
.i"."S""u.a 3 $ ottom at 10:00 am __:."fﬁ
I 1 1
3 ot 1 Drilled w/moderate penetration 1
b O 1 rate betwsen 190" and 200° us- I
::.- ) 1 Ing 3 5/8" tricone bit I
Iy + 1200
P00+ T 7
1 ! sile, dark gray (5 ¥ 4/1), molst, | T wee
1 |-EIIT|-II‘IE'LGd| {HH} with |a"lll=|‘5 of :_ f.h.angz tp05$|h1‘f gr""'E” 20k4- ::
1 fine to medium sand, clean, quartz, ¢ 204.5 slow drilling = no in- 1
1 gray (10 YR &/1), wet, very dense. I dication I'n cuttings other 1
1 1— _than medium guartz sand. 1
WE-- —-—— .-
1 1 Medium slow drilling I
1 1 -
Riox Fine to medium sand, clean, quartz, ¢ 1 2o
1 gray (7.5 YR 6/0), moist, very dense [ +
+ T Jar
ST T Hedium Fast drilling ..1 5
I Blue gray clay on tip aof bit I I
g e el Jage
1 1 I eeo
1. Sandy silt, micaceous llght gray 1 I
T (10 ¥R 7/1) meist, hard, 20% fine 1 ;
sand BO% silt (ML). T

Page S of @
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DRILL HOLE LOG No. oM =< FEATURE - AREA , TaNks ¥/ TRy ¥ 8

]
|
LOCAT IOH N TTooo & S£%/90 DATE STARTED <F-R&-~-71 :
— | = |LOGEED BY __SRED H TUTILE DATE FINISHED S - =7/ I
=+ | =
ELlE |surrace eev. 274.2' DATUN AA.B. L.,
ww = g SAMPLE
= | DESCRIPTION REMARKS HUHBER
I [ Relatively easy driliing
I Hedium hard drilling
2sol i (230 230
4 | Fine to medium sand with silt, mica L
[ and gquartz, gray (7.5 YR 6750},
maist, very dense
-2-35-: L23s
4 Slow DOrilling
I Very slow drilling
260} F—
1 I Cleaned tub, Broke water pump
I drive chain at 1105
w_s_:' -
1 Finish drilling hole 11:57 am. -
esel | 33— Laso

+ 250" bottom of hole. Sufficient in- 1 5-4-71

I formation obtained, Places Mx casing. 1 Started placing casing at 1:20 pm
1+ = 30" stopped falling freely -

1 30'-60' up-down w/no extra

b welght. 60'-B0" wse hydraulic

rams = driving below BO' w/3504

L drop hammer = 18" drop

e

R s e S

}pebrobd |
Fhdit

by

L T ——+ T T L B B B i B i i i o
TR L 1 P PR T
P e T T T T
L L L T T O T T O L T T T I T T I T T T I T T T T I T TIMTERVAL SAMPLED|
1 R ITTTTTT T TITTITITTTTT] T TTTTTTTT INTERWAL CORED

"
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Appendix G: Logs for P28TA
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From Bledsoe (1988); lithologic log for P28TA

LITHOLOGIC LOG, P28(TA)

Depth Thickness Description

(fr.) (fr.)

0-1 1 No recovery

1 =2 1 Sand, fine; well sorted; heavy minerals; brown;
F-B=-2

2=-8 6 Sands fine, silty; well sorted; heavy minerals, lignite;
brown to tam; F-Y-2(2 - 5)

8 - 11 3 No recovery

11 - 16 5 Sand, fine, clayey; poorly sorted; heavy minerals; dark
red to dark reddish yellow; F-B-1(l1)

16 - 19 3 Clay; well sorted; muscovite; red brownish yellow to
tan reddish brown

19 = 26 7 . Clay, silty; well sorted; heavy minerals; muecovite;
dark tan pinkish white to light brownish red

26 - 30 4 Sand, fine, clayey; poor to moderately sorted; musco-
vite; light brown reddish white

30 - 32 2 Sand, fine, silty, clayey; moderately sorted; mus-
covite; dark brown reddish white

32 - 38 6 Sand, fine, silty; moderate to well sorted; musco-
vite; light brownish white to light brownish yellow;
F=0-1(37)

38 - 40 2 Sand, fine, silty clayey; well sorted; heavy minerals;

muscovite; feldspar; light brown reddish yellow

40 = 46 6 Sand, fine to coarse, silty; moderately sorted; dark
yellowish brown to dark reddish browm

46 - 49 3 Sand, coarse; well sorted; dark reddish brown

49 - 50 1 Sand, coarse, silty, clayey; moderately sorted;
mottled; muscovite; dark red brownish tan

50 - 51 1 Sand, medium, clayey; moderately sorted; mottled;
muscovite; dark red brownish tan

51 - 52 1 Sand, fine; silty, clayey; poorly sorted; mottled;
muscovite; dark red brownish tan

52 - 53 1 Sand, fine, clayey; poorly sorted; heavy minerals;
brown tannish white

53 = 55 2 Sand, fine, silty; poorly sorted; brownish tan to tan-
nish orange
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LITHOLOGIC LOG, P28(TA)
Depth Thickness Description
(ft.) (ft.)
55 - 56 1 No recovery
56 - 62 6 Sand, fine, silty; very poorly sorted; heavy minerals;
light brownish tan; F-0-1(60 - 61)
62 - 66 4 Sand, fine, silty, clayey; well to moderately sorted;

heavy minerals; light brownish tan to light brown
orangish yellow

66 - 70 4 Sand, fine to medium; poorly sorted; heavy minerals,
muscovite; orangish yellow to brown orangish yellow;
F=0-1(67)

70 - 71 1 Sand, medium, clayey; moderately sorted; heavy miner-

als, muscovite, lignite; brown orangish tan

71 = 72 T Clay; moderately sérted; heavy minerals; muscovite;
lignite; light brownish tan

72 - 73 1 Clay, sandy; moderately sorted; lignite; light brown;
F-Y-1
73 - 75 2 Clay; well sorted; heavy minerals; muscovite; lignite;

light brownish tan

75 = 78 3 Clay, sandy; moderately sorted; interbedded clay;
mottled; lignite; light brown

78 = 80 2 Sand, medium, silty, clayey; well sorted; lignite;
light brown; F-0-1

80 - 94 14 Sand, medium; silty; well sorted; muscovite, lignite;
light brownish tan to light brownish orange; F-B-1(83),
F=0-1 (87)

94 - 96 2 Sand, medium, silty, clayey; well sorted; muscovite:

lignite; light brownish orange; F-0-1

96 - 98 2 Sand, medium, silty; well sorted; muscovite; lignite;
light brownish tan; F-B=1(97)

98 - 102 4 Sand, coarse; well sorted; muscovite; lignite; light
grayish tan; F-0-1(99, 103)

102 - 105 3 Sand, medium, silty; well sorted; lignite:; light gray-
ish tan; F-0-1(102 - 103)

105 - 107 2 Sand, medium, silty; clayey; well sorted; heavy min-
erals; muscovite; lignite; light grayish tan

107 - 108 1 Sand, medium, clayey; well sorted; heavy minerals;
muscovite; lignite; light brown
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Foot-by-foot core description performed by SAIC for P28TA core
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LOGGED BY: SPC..rec, 7ATc  DATE:IZ/M/12 SRS CORE LOG SHEET PAGE 2 OF 34
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Gamma log for P28TA
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Appendix H: Summary of Laboratory Results from SGS Characterization Borings
in F-Area
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Undisturbed VVadose Zone Samples
% %

. Ground Top Bottom Top Bottom % Sand MUd % Dry - -
Location S Sample | Sample | Sample | Sample | Gravel ~ | (Silt+ f Liquid Plasticity
urface (4.5 Clay USCS Density g

ID Elev Elev Elev Depth Depth (>4.5 0.074 Clay) size* (nch) Limit Index

(ftmsl) | (ftmsl) | (ftbls) | (ftbls) mm) ' (<0.07
mm)
4 mm)

Clayey

FESPB6 284 268.5 267 15.5 17 0 81 19 -- Sand -- 30 12
(SC)
Silty

FESPB6 284 230 228.5 54 55.5 0.2 85.7 14.1 8.8 Sand 1171 -- NP
(SM)
Silty

FTNKB3 2855 244 242.5 41.5 43 0 82.3 17.7 -- Sand -- -- NP
(SM)
Silty

FTNKB3 285.5 242.5 241 43 44.5 0 85.2 14.8 11.2 Sand -- -- NP
(SM)
Silty

FTNKB8 269.5 263.5 262 6 7.5 0.8 83.4 15.8 -- Sand -- -- NP
(SM)
Silty

FTNKB8 269.5 262 260 7.5 9.5 0 76.3 23.7 14.6 Sand 102.7 -- NP
(SM)
Silty

FTNKB8 269.5 258.5 257 11 12.5 0 81.4 18.6 -- Sand -- -- --
(SM)
Clayey

FTNKBS8 269.5 252 250.5 17.5 19 0 72.3 21.7 23.1 Sand -- 37 20
(SC)
Silty

FTNKBS8 269.5 2475 246 22 235 0 83.8 16.2 -- Sand -- -- NP
(SM)
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0
% %

Ground Top Bottom Top Bottom % Sand Mud % Dry
Location Surface Sample | Sample | Sample | Sample | Gravel (45— (gll;ty;r Clay USCS Density

ID Elev Elev Depth Depth (>4.5 ;
Blev | (ftmsh) | (femsl) | (febls) | (itbls) | mm) | 2974 | (<007 | Sz (pch)
mm) 4 mm)

Liquid Plasticity
Limit Index

Silty
FTNKB8 269.5 244.5 243 25 26.5 0 87.4 12.6 -- Sand -- -- NP
(SM)

Silty
FTNKB8 269.5 2415 240 28 29.5 0 84.5 155 121 Sand -- -- NP
(SM)

Silty
FTNKB8 269.5 237 237 32.5 325 0 85.8 14.2 -- Sand -- 32 8
(SM)

Poorly
Graded
FTNKB8 269.5 234 2325 35.5 37 0 90.9 9.1 6.5 Sand - -- NP
with Silt
(SP-SM)

Poorly
Graded
FTNKB8 269.5 231 229.5 38.5 40 0.2 93.9 5.9 -- Sand -- -- --
with Silt
(SP-SM)

Poorly
FTNKB8 | 2695 | 2265 225 43 445 0 95.7 43 21 Gsrgggd - - NP

(SP)

Clayey
FTNKB13 | 279.13 | 248.13 | 246.63 31 325 0 78.7 21.3 - Sand - 36 14
(SC)
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Location
ID

Ground
Surface
Elev

Top
Sample
Elev
(ft msl)

Bottom
Sample
Elev
(ft msl)

Top
Sample
Depth
(ft bls)

Bottom
Sample
Depth
(ft bls)

%
Gravel
(>4.5
mm)

%
Sand
(45-
0.074
mm)

%
Mud
(Silt +
Clay)
(<0.07
4 mm)

%
Clay
size*

USCS

Dry
Density
(pcf)

Liquid
Limit

Plasticity
Index

FTNKB13

279.13

24213

240.63

37

38.5

85.8

14.2

Silty
Sand
(SM)

29

FTNKB13

279.13

237.63

236.13

41.5

43

90.9

9.1

Poorly
Graded
Sand
with Silt
(SP-SM)

NP

FTNKB13

279.13

233.13

231.63

46

475

88.8

11.2

Poorly
Graded
Sand
with Silt
(SP-SM)

NP

FTNKB16

282.7

238.7

237.2

44

45.5

90.1

9.9

Poorly
Graded
Sand
with Silt
(SP-SM)

NP

FTNKB20

268.7

224.2

222.7

44.5

46

0

80.6

194

16.5

Clayey
Sand
(SC)

35

14

Notes: Elev = elevation; ft bls = feet below land surface; ft msl; feet from mean sea level; pcf = pounds per cubic foot; % mud includes silt and clay size fraction;
%clay size* = % silt and % clay were analyzed for selected samples and so % clay is specified in addition to % mud; USCS = Unified Soil Classification System;
NP = nonplastic; analyses conducted by LAW Engineering, Inc; for original laboratory results, refer to WSRC-TR-96-0069, volume 4 (Site Geotechnical Services
Department 1996)




July 2007 WSRC-TR-2007-00283
Page 108 of 115

Structural Fill Samples

%
G Top Bottom Top Bottom % % Sand Mud
. round ; % Dry - -
Location Surface Sample | Sample | Sample | Sample | Gravel (45- (Silt + Clay USCS Density ngu!d Plasticity
ID Elev Elev Elev Depth Depth (>4.5 0.074 Clay) sizex (nch) Limit Index
(ftmsl) | (ftmsl) | (ftbls) (ft bls) mm) mm) (<0.07
4 mm)
Clayey
FTNKB3 | 2855 278 276.5 75 9 0.9 63.7 354 | 284 Sand - 37 22
(SC)
Silty
FTNKB3 | 285.5 2735 272 12 13.5 0.2 77.9 21.9 - Sand - -- NP
(SM)
Clayey
FTNKB3 | 285.5 269 267.5 16.5 18 0 78.1 21.9 17 Sand - 26 7
(SC-SM)
Clayey
FTNKB3 | 285.5 263 261.5 22.5 24 0 84.1 15.9 - g:% - 23 6
(SC-SM)
Clayey
FTNKB3 | 285.5 258 256.5 27.5 29 0 85.2 14.8 - Sand 106.9 29 9
(SC)
Clayey
FTNKB3 | 2855 256 254.5 29.5 31 0 77 23 - Sand - 27 11
(SC)
Clayey
FTNKB3 | 2855 251.5 250 34 355 0 78 22 16.9 Sand - 27 13
(SC)
Silty
FTNKB3 | 285.5 248.5 248.5 37 37 0 79.3 20.7 - Sand - - NP
(SM)
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%

_ Ground Top Bottom Top Bottom % % Sand Mud

Location Surface Sample | Sample | Sample | Sample | Gravel (45- (Silt +

ID Elev Elev Elev Depth Depth (>4.5 0.074 Clay)
(ftmsl) | (ftmsl) | (ft bls) (ft bls) mm) mm) (<0.07

4 mm)

% Dry
Clay USCS Density
size* (pcf)

Liquid Plasticity
Limit Index

Clayey
Sand
FTNKB13 | 279.13 | 273.13 | 273.13 6 6 6.2 62.7 31.1 - with - 40 19
Gravel
(SC)
Clayey
Sand
FTNKB13 | 279.13 | 268.63 | 267.13 10.5 12 8.8 66.2 25 - with - 34 18
Gravel
(SC)
Clayey
FTNKB13 | 279.13 | 264.13 | 262.63 15 16.5 0.8 76.2 23 - Sand - 32 17
(SC)
Clayey
FTNKB13 | 279.13 | 257.63 | 256.13 215 23 1.1 84.5 14.4 - Sand - 30 10
(SC)
Silty
FTNKB13 | 279.13 | 254.63 | 253.13 24.5 26 0 87.7 12.3 - Sand - -- NP
(SM)
Silty
FTNKB13 | 279.13 | 251.63 | 249.63 275 29.5 0 79 21 15 Sand - -- NP
(SM)
Clayey
FTNKB16 | 282.7 276.2 275.2 6.5 75 0 60.9 39.1 - Sand - 42 24
(SC)
Clayey
FTNKB16 | 282.7 272.2 270.7 10.5 12 0 53.1 46.9 | 26.6 Sand - 41 24
(SC)
Clayey
FTNKB16 | 282.7 264.7 263.2 18 19.5 0 725 275 - Sand - 33 14
(SC)
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%
_ Ground Top Bottom Top Bottom % % Sand Mud % Dry o N
Location Surface Sample | Sample | Sample | Sample | Gravel (45- (Silt + Clay USCS Density Ll_qu!d Plasticity
ID Elev Elev Elev Depth Depth (>4.5 0.074 Clay) size® (nch) Limit Index
(ftmsl) | (ftmsl) | (ft bls) (ft bls) mm) mm) (<0.07
4 mm)
Clayey
FTNKB16 | 282.7 258.2 256.7 24.5 26 0.3 66.7 33 - Sand - 33 12
(SC)
Clayey
FTNKB16 | 282.7 253.7 252.2 29 30.5 0.2 67.3 325 - Sand - 35 19
(SC)
Clayey
FTNKB16 | 282.7 250.7 243.7 32 39 0 67.5 325 - Sand - 27 13
(SC)
Clayey
FTNKB16 | 282.7 247.2 245.7 35.5 37 0 63.9 36.1 - Sand - 34 17
(SC)
Clayey
FTNKB16 | 282.7 244.2 242.7 38.5 40 0.8 65.2 34 26.8 Sand - 33 17
(SC)
Silty
FTNKB20 | 268.7 261.2 259.7 7.5 9 0 79.6 204 | 16.1 Sand - - NP
(SM)
Clayey
FTNKB20 | 268.7 256.7 255.2 12 135 0 69.8 30.2 - Sand - 30 16
(SC)
Clayey
FTNKB20 | 268.7 252.2 250.7 16.5 18 1 69.9 29.1 | 232 Sand - 34 20
(SC)
Clayey
FTNKB20 | 268.7 247.7 245.7 21 23 0 83.6 16.4 | 131 Sand 105 27 8
(SC)
Silty
FTNKB20 | 268.7 245.7 244.2 23 24.5 0.3 80.6 19.1 - Sand - - NP
(SM)
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%
Top Bottom Top Bottom % % Sand Mud
. Ground ; % Dry - -
Location Surface Sample | Sample | Sample | Sample | Gravel (45- (Silt + Clay USCS Density Ll_qu!d Plasticity
ID Elev Elev Elev Depth Depth (>4.5 0.074 Clay) size® (nch) Limit Index
(ftmsl) | (ftmsl) | (ft bls) (ft bls) mm) mm) (<0.07
4 mm)
Silty
FTNKB20 | 268.7 237.7 236.2 31 325 0 80.3 19.7 -- Sand - - -
(SM)
Silty
FTNKB20 | 268.7 233.2 231.7 35.5 37 0 79.3 20.7 -- Sand - - NP
(SM)
Silty
FTNKB20 | 268.7 228.7 227.2 40 41.5 0 86.9 13.1 - Sand - -- -
(SM)

Notes: Elev = elevation; ft bls = feet below land surface; ft msl; feet from mean sea level; pcf = pounds per cubic foot; % mud includes silt and clay size
fraction; %clay size* = % silt and % clay were analyzed for selected samples and so % clay is specified in addition to % mud; USCS = Unified Soil
Classification System; NP = nonplastic; analyses conducted by LAW Engineering, Inc; for original laboratory results, refer to WSRC-TR-96-0069, volume 4
(Site Geotechnical Services Department 1996)
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Appendix I: Summary of Reviewed Reports
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Title Author(s) Docume_nt Publication Comments
Information Date
Report of Preliminary Studies US Army Corps of Presents the results of preliminary soil investigations
Foundation Investigations, Savannah Engineers N/A March 1951 related to the engineering/construction of structures
River Plant, Volume 1 (including F-Area) at the SRS.
. . . N Addresses general geology and engineering considerations
Geologlc-Eng!neerlng Investigations US Army Corps of N/A March 1952 related to geology for construction areas (including F-
Savannah River Plant, Volume 1 Engineers
Area) SRS.
. . . Describes the foundation and grouting operations
Foundation Grout_lng Operations us Army Corps of N/A June 1952 performed in areas of potential construction where
Savannah River Plant Engineers
subsurface calcareous zones were found.
Soil Science Describes field tests measuring the downward movement
Society of of deuterium tracer through the vadose zone (sandy clay
D,0-Na?* Method for Tracing Soil C. C. Haskell and America 1964 sediment); tracer movement for plots 1 & 2 was ~20 inches
Moisture Movement in the Field R. H. Hawkins Proceedings, for 169-day test and rate of 0.94 inches per inch of rainfall;
vol 28, p 725- tracer movement for plot 3 was ~41 inches for 169-day test
728 and rate of 1.99 inches per inch of rainfall.
Describes results of laboratory column experiments on
sandy clay sediment; results show that infiltrating water
Soil Science moved from the larger sandy pores to the smaller sandy
Flow Path of Rain form the Soil J. H. Horton and R. vol 100. no 6 December 1965 clay pores before water penetrated to a great depth in the
Surface to the Water Table H. Hawkins ' ' sand; results also indicated that flow through the sandy
p 377-383 . L
clay sediment occurred primarily through the downward
displacement of water that remained in the soil after
drainage.
Describes a field test conducted near the Burial Grounds in
which a bentonite structure was tested to determine
Health whether it sufficiently prevented the infiltration of
Bentonite as a Protective Cover for R. H. Hawkins and Phvsics. Vol July 1966 rainwater; also conducted D,0-**Na field test to trace soil
Buried Radioactive Waste J.H Horton 13 ysIcs, y moisture both under the bentonite structure and in the
, p 287-292 ; . S X .
native soil beside it; showed average movement in native
soil of 46 inches from the 48 inches of rainfall (0.96 inches
per inch of rainfall).
Summarizes tracer tests at the H-Area Tanks, the F and H
Tracing Soil Moisture and Groundwater 3. W. Eenimore DP-MS-68-23 March 1968 Area Seepage Basins and the Burial Ground; also

Flow at the Savannah River Plant

summarizes the soil moisture studies conducted in the
1960’s and identifies a movement of 0.95 inches per inch
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Title Author(s) Docume_nt Publication Comments
Information Date
of rain as representative unsaturated flow in the Burial
Ground vadose zone.
Sovanr River lat Avss 200K | Jomn A Blue & e R e
200F Radioactive Waste Storage Tanks Associates, N/A August 1971 ' ' prop ring
. o - located at FTF as part of study to collect geotechnical
Subsurface Geologic Investigations Engineers . .
properties needed to conduct earthquake analysis of tanks.
Summarizes field and laboratory experiments related to
Soil Moisture Flow as Related to the flow through unsaturated soil related to the Burial
Burial of Solid Radioactive Waste JH. Horton DPST-75-218 January 1975 Grounds; identifies a flow of 7ft/yr through unsaturated
sandy clay soil for the SRS.
Presents illustrations to describe subsurface conditions and
. L results of laboratory tests on borings; includes historical
EW.R 860438 Found_a_tlon Inv_estlgatlon Mueser, Rutledge, data from US Army Corps; provides data related to 9
Building 241F Additional High Level -
- Wentworth & borings (Nos. 241-14F-1 through 241-14F-9) completed to
Waste Storage Tanks Project 9S 1493 Joh C Iti N/A May 1975 . d b h d tanks: id
FY75 Tanks Nos. 25 though 28 Project ohnston Consulting investigate beneath proposed tanks; provides cross-
EY77 Tanks Nos 44 through 47 Engineers sections and notes regarding the types of soil borings,
‘ g number of blow counts, soil classification (USCS),
groundwater levels, and the presence of voids/carbonates.
. . . Mueser, Rutledge
Foundation Grouting New High Level ' ’ . A
Waste Storage Tanks Building 241-14F Wentworth &_ N/A October 1975 Documents grouting activities performed at Tanks 25-28
. Johnston Consulting and Tanks 44-47.
Savannah River Plant .
Engineers
Mueser, Rutledge, .
Building 241-F New High Level Waste Wentworth & Propo;ed tanks were to be located dlrectly west of Tanks
. N/A February 1977 | 42-47; report summarizes the subsurface investigation and
Storage Tanks Nos. 52 Through 55 Johnston Consulting . f d tank
Engineers grouting program for proposed tanks.
Provided saturated hydraulic conductivity for backfill and
host soil used in modeling; provides soil property curves
Validation of Unsaturated Flow Models INTERA N/A January 1986 for backfill and host soil used in modeling; soil property
Using Tank 24 Lysimeter Data Technologies, Inc y parameters based on work by Quisenberry (1985) and
Gruber (1981); report provides some data related to work
by Quisenberry (1985) and Gruber (1981)
Environmental Information Docurment W. J. Jaegge, N. L. Provides modeling parameters used in modeling the Burial
Kolb, B. B. Looney, | DPST-85-694 March 1987 Grounds; includes hydraulic conductivity values from lab

Radioactive Waste Burial Grounds

I. W. Marine, O. A.

tests, slug tests, tracer tests, small-scale and large-scale
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Title Author(s) Docume_nt Publication Comments
Information Date
Towler, and J. R. pumping tests & numerical simulations; includes a short
Cook summary of tracer tests in the unsaturated and saturated
zone beneath the burial grounds.
Provides data related to wells installed in background areas
SRP Baseline Hydrogeologic qa. of SRS to further knowledge and understanding of
Investigation — Phase 11 H. W. Bledsoe DPST-88-627 August 1988 hydrogeology; includes P28 cluster located just outside F-
area
F-Area Geotechnical Characterization Site Geotechnical | WSRC-TR-96- September Z:O\i/r:ggiinCPTrgaz,tiiI;dﬂl)arlt;ﬁ;at%rry g:;ao:‘eclzﬁ?rié?erizin
Report (U), Volumes 1-5 Department 0069 1996 gINeering propertie purp 9
foundation material in F-Area.
Provides summary table of hydraulic conductivity values
: : USGS Water- . L2 - -
Reconnaissance Hydrogeologic from previous reports/studies; provides hydraulic
L K. F. Dennehy, D. Resources . ”
Investigation of the Defense Waste L conductivity data for disturbed, compacted samples
. - S C. Prowell, and P. Investigations 1989 . : -
Processing Facility and Vicinity, B. McMahon Report 88- collected in GSA to evaluate potential geochemical and
Savannah River Plant, South Carolina ' 2221 hydrologic effects of concentrated salt-solution waste on
subsurface sediments
Soil & Groundwater . . .
Agquitard Thickness at the F-Area Tank Closure Projects ERD-EN- Provides compa.rlson among TCCZ and Green Cla_y picks
. . May 2006 from Landmark; also provides summary table of picks for
Farm Engineering and 2006-0066 locati
ocations
Technology
Determination of the Tan Clay Provides evaluation of TCCZ picks and thickness based on
Confining Zone (TCCZ) near the F- M. R. Millings SRNL-ESB- February 2007 CPTS and cor? I;])gs ne_aLthe FTFd; ?ISO provuéijes_ s based
Area Tank Farm (FTE) 2007-00006 comparison of these pic s to model generated picks base
on the 1995 hydrogeologic database for the GSA
W. Jones. M Provides initial material property recommendations for
F-Area Tank Farm Vadose Zone Miliin s ar’1 q M SRNL-ESB- February 2007 native (undisturbed) vadose zone sediments, backfill
Material Property Recommendations P%ifer ' 2007-00008 y material and concrete work slabs for input into the FTF PA

modeling






