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Attention: Mr. George M. Vroman 

Gentlemen: 

Re: Building 241- F 
New' High L.: vel Wa8te Stor;:!.ge Tanks 
Nos. 25 Through 28 and 44 Through 47 
Savannah River Plant 

During a meeting held in your office on August 8, 1974, you 
requested us to perform foundation investigations for eight new 
tanks to be construct8d in Area F of the Savannah River Plant. 
Our proposal letter for this portion of the investigation is dated 
September 18, 1974 and the work was authorized by a letter 
dated October I, 1974. The work has been perforn'led under 
Modifications Nos. 17 and 18 of Consulting Agreement AXC-
25567-1/2 for our services in connection w ith SRP projects. 
We report to you herein thE; results of our investigation and our 
recommendations for foundation supp<?rt of the above mentioned 
tanks. 

EXHIBITS 

The following exhibits have been prepared to illustrate the 
s·l.1bsurface conditions in the area of the proposed waste storage 
tanks and the results of the laboratory tests perionned on samples 

Associates 
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obtained from the borings. 
the text. 

Drawing No. GS-l 
Drawing No. GS-2 
Drawing No. GS-3 
Drawing No. I 
Drawing No. 2 
Drawing No.3 

Drawing No. 4 

Table No. I 

Table No. II 

Table No. III 
Plate No. 1 

Plate No. 2 

Plate No. 3 

Plate No. 4: 

Plate No. h 
-' 

. Plate No. 
, 
0 

Appendix A 

AppeI,kdix B 
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These exhibits are included following 

Locat~on Plan and Geologic Section A-A 

Geologic Section B-B 
Geologic Section C-C 
Location of Sinks in Area "FI' 
Existing Topography in Area I'F lr 

Elevations of Top and Bottom of 
Calcareous Zone 

Mud Losses, Rod Drops and 
Grouting in Borehole s 

Summary of Borings Made in 
1974 - ' Building 241F - Tanks 
Nos. 25 Through 28 and 44 
Through 47, Savannah Ri.ver Plant 

Summary of Borings Made Prior to 
1974 - Building 241F - Tanks 
Nos. I Through 8, 17 Through 20, 
33 and 34, ,Savan1l2.h River Plant 

Surrunary of Labora.tory Test Dat.~ 
Plasticity Chart, Borings 14F- 1 to 

14F-9 
Soil. Prope rtie s Pr ofile, Boring s 

Nos. 3 U, 5 U & 7 U 
Consolidation Test, Boring 14F- 5U, 

Sample 21U 
Consolidation Test, Boring 14F-5U, 

Santpie 24U 
Sumrnary of Settlement Analysis 
Proposed Grout Hole Locations 
Grouting Records in Boreholes, 

Sheets Nos. 1 Through 15 
MRW&J Letter Dated April 12, 1963 

& Attachments 

AVAlk\BLE INFORMA TION 

The follo''':ing reports and drawings were utilized during our 
wo l'k on this project: 

1. Report No.1, Volume 1 and VoluU1.e 2, entitled "Report of 
Pre lilnina ry Studie s-Founda tion Inve s tiga tions, Savannah 
River Plant, " dated March 1951, by Charleston District 
Corps of Engineers, U. S. Army. 
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2. Report, Volume 1 and Volume 2, entitled IIGeologic 
Engineering Investigc.tions, Savannah River Plant," 
dated Ma-rch 1952, by Charleston District Corps of 
Engineers, U. S. Army. 

3. Report entitled, llFoundation Grouting Operations, 
Savannah River Plant, " dated June 1952, by Charleston 
District Corps of Engineers, U. S. Army. 

4. Drawing No. W449600 showing the layout of the pro­
posed waste storage tanks, revised August 22, 1974 

5. Drawings Nos. MAP330~, Sheets 853 and 854 showing 
general layout of structures in Area F. 

6. Drawing No. MAP3406. Sheet 854, showing locations 
of existing borings in Area 200F. 

7. Drawing No. W239379 showing logs of Borings IlF-l 
thrc.ugil llF-5 made at the site of Building 241-11F. 

8. Drawing No. W239396 showing logs of Borings IIF-6 
through llF-12 made at the site of B"ullding 241-1lF. 

9. Raymond International, Inc. logs of Borings IIF- 1 
through IlF-12tnade at the site of Building 241-1IF. 

10. Drawing No. W238698 showing logs of Borings F- 1 
through F·.6 tnade in Area 200F. 

11. Drawing No. W23.8699 showing logs of Borings F-7 
and F-8 made in Area lOOF. 

12. Corps of Engineers Dra.wing No. SRP-F-8 showing 
logs of Borings F-25 through F-27 and F-29 through 
F-32 made in Area F for .::Ilternate No.2. 

13. Drawing.No. W234538 showing legs of Borings 1 
through 13 made at the sitz of Building 241-F. 

14. Drawing No. W238163 showing the general arrange­
ment and construction details of proposed waste 
storage tanks. 
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DESCRIPTION OF THE FACILITIES 

You have provided us with prints of your Drawing No. W449600 
showing the plot plan and grading plan for the tanks. There will be 
8 tanks in two ro\vs spaced approximately 120 feet on centers in a 
north-south direction and 185 feet on centers in an east-west direction. 
Each tank will have a concrete encasement 95 feet in outside diameter 

with a height of about 41 r _4" from bottom of base slab to top of roof 
slab. Each tank will have a central concrete core column 6 r _4" in 
di.ameter. The bottom of the base slab except for the central dropped 
slab will bear at Elev. 245.63 for tanks Nos. 26, 27, 45 and 46 and -at Elev. 244. 28 for tanks Nos. 25, 28, 44 and 47. These elevations 
are appr~ely 42 feet below present ground. The tops of the 
roofs for these two groups of tanks will be at Elev. 287. 00 and Elev. 
285. 65, ~espectively. A 4-inch lean cOl~crete mat is to be placed 
under these bearing levels. 

We have used your Drawing No. W238163, previously submitted 
to us in connection with a subsurface investigation in 200H Area 
for computing the weight of the tank contents as s1..uning a final speci­
Hc gravity of 1. 8. These calculations indicate that each tank fil:-::l 
to a depth of 31.0 feet will have an average bearing pressure of 4.7 
ksf. The top of tbe surrounding ground will be one foot below the 
top of the CG::.:::~::;tc reo: dab 0: th~ tanks. Using an estimat~ d::tmp 
unit weight for the soil of 125 pcf, we compute that the total exca­
vated soil load removed to the base of the tanks is equal to 5.3 ksf. 
Therefore, the total net load at subgrade level. after the tanks aloe 
in place and filled with liquid will be an unloading of the Llnderlying 
soil of 0.6 ks!. 

RESULTS OF BORING OPERATIONS 

Nine b;nings, Nos. 241-14F-I through 241-14F-9, "vere made 
to investigate the subsulTrace conditions at the locations of the pro­
posed ta.nks. The locations of the borings, rela.tive to the planned 
locations of the tanks, are shown on plan on Drawing No. GS-1. 
The borings were made by Soil and Materials Engineers during the 
period of October 9 through November 23, 1974, under contract 
negotiated by the DuPont Construction Division. The field wo.rk was 
inspected by A.narew Schechter a.nd Richa::-d Conolly of our office. 
Copies of field records prepared during the work have been sub.· 
mitted to you. 

Six of the borings were exploratory Ifd::-y sample If type bodngs 
extending to depths ranging from 163. 7 feet to 180.0 feet. Three 
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borings for recovery of undisturbed sample~ ' "#ere carried to 
depths between 140 f~et to 174.5 feet. The r~sults of the borings 
are shown in the form of geological sections on Drawings Nos. 
GS-I through GS-3. All borings were grouted at the completlon 
of work and records of the grout acceptance are included as 
Appendix A. 

Thirteen split-spoon samples and fishtail borings were made 
in 1963 as part of an investigation of a portion of this site. Two 
wellpoint piezometers were installed during that investigation. 
The locations .of these explora.tions are indicated on Drawing No. 
GS-I and the ·results are discussed in attached Appendix B • 

• 
GENERAL SUBSURFACE CONDITIONS 

General subsurface conditions are shown in the form of three 
geological sections on Drawings Nos , GS-I through GS-3. The 
locations of these sections are shown on the Boring Location Plan, 
Drawing No. GS-I. The boring logs on the geologic sections in­
clude individual sample descriptions. Out.liJ.J ! s for the base of the 
foundations for the tanks are shown by dash lines on these draw­
ings. The subsoils encountered at the site have been divided into 
seve!} principal strat~_ , as shown on the ser.tions and described in 
sequence with depth as follows: 

. Stratum F - Fill. Fill encountered at the site is 
classified as medium, to compact brown and red fine to medium 
sand, trace to son~e clay, cinders and rock fragln'~nts. Thi3 stra­
tum was encountered in all the borings and is fill from excavations 
of other areas within the plant. The nort.hern portion of Section 
B-B shows the greatest thickness of fill which was placed at the 
location of the ramp built in 1956 in connection with the construc­
tion of the group of tanks north of Building 241-14F. The Boring 
Location Plan shows the outline of this ramp. The average thick­
ne' ss of fill outside the limits of the ramp is 5 feet. 

Stratum C 1 - Silty Clay. Beneath the fill was found 
astra tmn of stiff mottled red brown and purple silty clay to fine 
sandy clay, tl'ace gravel which varies betw.een 5 and 22 feet in 
thickness with its base eleva tion not below Elev. +255. Penetra­
tion resistances vary between 7 and 56 blows pe'r foot. Water 
contents range between 13 and 30 per cent of dry weight. 

0' 
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-Stratum Sl - Sand with some clay layers. A stratum 
of'medium compact to compact broV'.rn, white ·and purple fine to 
medium sand and clayey fine to n~edium sand with some clay lenses ® 
was encountered in all borings. Penetration resistances in this 
layer vary between 14 and 90 blows per foot. This stratum varies 
in thickness between 8 ~nd 32 feet and extends to as low as Elev. 
230 in Boring No. 14F-2. 

Stratum S2 - Sand._ A thick deposit of medium com-
pact to very compact red and brown and orange fine to mediUlTI sand, ® 
trace silt and clay exists beneath the entire site with the greatest 
thickness on the western side. It varies in thickness between 24 feet . . 

at Boring No. 24l-14F-2 and 72 feet at B.oring No. 24l-l4F-7U. The 
standard penetration resistance of the stratum ranges between 11 and , 
80 blows per foot. 

-----
Stratum C2 - Clay!.. Stratum C2 consists of 'layers · .... f (C 't-"\ 

stiff to hard brown and green clay, trace fine to mediUlu sand lenses ~ 
that occur ·.vithin Stratum S2. Stratum C2 clays vary up to 11 feet 
in thickness. Natural water contents are behveen 35 and 85 per cpnt 
of dry weight. 

Stratum S3 - Clayey Sand. Clayey sands classified as 6 
d d · . 5 3 loose to very compact brown, gray an yellow clayey san to fine C/ 

to medium sand, trace to some clay, trace gravel and organic ma-
terial were found above and below the calcareous zone at this site. 
All of the borings \>;Tere terminated below the calcareous zone in-this 
stratum. Water contents vary between 20 and 68 per cent of dry weight. 
Standard penetration resistances vary between 6 to over 157 blows per ft. 

Stratum S4 - Calcareous Clayey Sand. Medium conl­
pact to very compact light gray, white and brown calcareous clayey 
fine to coarse sand, trace to some shell fragments was encountered 
in all borings with stratum t..h.ickness varying behveen 5 and 30 feet. 
As this stratum is calcareous, it is susceptible to solution by ground 
wat~r. Its occurrence was confirmed by reaction of samples to dilute 
hydrochloric acid. Six of the 1974 borings encountered zones of ap­
parent cavities varying in Bize between 1. 5 feet· to 9.5 feet. Standard 
penetratj.on resistance ranges between a low of 12 blows per foot and 
a high of 100 blows per inch. Stratum S4 generally occurs with its 
base above EIE:·v. +140. 
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GROUND WATER OBSERVATIONS 

Ground water levels were obs erved in Piezometer No.1. 
This piezometer was installed in 1963 and has its tip approximately 
at Elev. 215. Several readings were taken in this piezometer be­
tween October 10 and November 23, 1974. All of these observations 
indicate that the ground water 1evells at Elev. 226.7 which is at the 
same level recorded on March 11, 1963 or a,bout 18 feet below the 
proposed foundation bearing 1eve.1. Piezometer No.2, also installed 
in 1963, with tip at E1ev. 242 was found to be dry. Water levels ob­
served in the recent borings are shown on the geologic sections but 
may not be indicative of the stab.ilized ground water table due to the 
presence of drilling mud in the hole from the boring operations. 

GEOLOGIC CONDITIONS 

General. As the results of the borings indicated zones of 
extremely loose or soft material withIn t:':-e calcareous zone located 
approximately 115 feet below the ground surface and approximately 
75 feet below the base ~f the proposed tanks, we reviewed available 
geologic iniornlatioll and results of previous borings in F A rea in 
order to determine whether conditions beneath adjacent structures 
are similar. Numerous investigations have been conducted at the 
site of the Savannah River Plant.. The initial foundation investigation 
program at the plant was conducted by the Corps of Engineers in . 
1951. In March 1952, the Corps of Engineers published in two volumes 
the results of their geologic and engineering investigations. 

The Savannah River Plant is located near the east boundary 
of the Atlantic Coastal Plain which extends from New Jersey to 
Florida. The Corps of Engineers listed the principal sediments e~­
countered at the plant site in order of depth as follows: 

Formation Period 

Hawthorne Miocene 

Barnwell Eocene 

Thickness 

0-80 

50-80 

Description 

Red to purple sands with ex­
tensive lenses of gray clay 
and gravel lens es. 

Red and brown sand with 
layer of red, white and 
purple clay and sandy clay. 
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Formation Period Tpickness Description 

McBean Eocene 100-200 Tan to brown and green sands 
with beds of ma rl, laminated 
clays and lenses of silicified 
lime stone. 

Tuscaloosa Upper 600-700 Light gray, white or buff 
Cretaceous coarse sands with inter-

fingering lenses of clay • 

• 
The engineering and geologic studies of 1951 and 1952 disclosed 

that the plant site is covered with numerous sinks. The sinks re­
sulted from solution of calcareous materials in the McBean Forma­
tion at depths of about 100 to 200 feet. The studies disclosed that 
these sinks developed during geological time and only one of the 
sinks within the general plant area can possibly have occurred in 
recent history. Area studies of sink occurrence seem to indicate 
that they a 're oval-shaped areas generally aligned perpendicular tc 
the strikes of the underlying bedrock and soil formations which bear 
N 73 0 E. Often, sinks are found at the head of drainage depressions 
or streams suggesting that the streams are working their way upland 
as the sinks form as a result of underground drainage beneath the 
stream and sink areas. 

As part of the studies by the Corps, borings were made in the 
center and edges of representativ:e sinks which confirmed that the 
sinks had resulted from removal of material from the calcareous 
zone since the surface of the formation showed a depression in ele­
vation across the sink corresponding to the depres sion in the ground 
surface. The results of the borings also showed that the calcareous 
zone was denser in the center of the sink than at its edges as the ma­
terial had densified during the settlement process following the leach­
ing of calcareous material. Often, the zone of apparent voids was 
overlain by sand of less compactness which is believed to result from 
loss of material into the void zone. It was concluded that the apparent 
voids in the calcareous zone are not open caverns, but a mass· of 
spongy material supported by a skeleton of more resistant material. 
This is reasonable as the calcareous material is not rock but a dense 
soil of a granular nature that cannot support large roof spans. As 
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ground water flow through the clayey soils is relatively slow, it 
is reasonable to conclude that the development of surface sinks 
is a very gradual process and this conclusion is confirmed by the 
lack of evidence of recent surface settlement. 

Area F. Attached Drawing No. I reproduced from 
the Corps studies shows the mapped sinks and drainage depres.­
sions in the vicinity of the project. We have added to this draw­
ing the locations of structures now existing and waste tanks for 
this project. This comparison indicates that the site of the pro­
posed tanks was formerly crossed by a drainage depression 
leading from a mapped sink app:r;oximately 200 feet west 0'£ the 
site. The drawing also shows that tanks. Nos. I through 8 were 
constructed within an area partially covered by a former sink. 

The general location of the proposed tanks in refer­
ence to the entire Area F complex is shown on Drawing No.2. 
This drawing was made up by utilizing your Drawings Nos. 
MAP3302, Sheet 853 and MAP3302, Sheet 854. Original ground 
contours shown on this drawing show the sink west of the pro­
posed site and the regrading which relocated the former drain­
age depression into a ditch crossing the south corner of the site. 

Zone of Apparent Voids. Drawings Nos. 3 and 4, 
and Tables Nos. I and II summarize information obtained during 
the drilling work relative to the limits of the calcareous zone and the 
extent of apparent voids or cavities encountered during drilling. 
~cluded are data from the recent borings and the borings made 
prior to 1974. All borings were grouted at the completion of work 
in order to eliminate the possibility of surface water flow directly 
into the calcareous zone. As approximately IS cubic feet of grout 
is the computed minimum quantity required to fill up the hole made 
by the bo~ing operations, ' a grout acceptance quantity many times 
larger indicates that voids or zones of semi-liquid material exist 
that are being 'filled or displaced by the grout. 

The examination of the above data indicates that the 
subsoils of Building 241-14F contain more apparent cavities than the rest 
of Area F. In terms of numbers of voids, Borings Nos. 241- 14F-2, 
241-14F-4, 241-14F-6, 241-14F-7U and 241-14F-9 proved to be 
the most critical. Following is a summary of the drilling mud 
losses, rods and casing drops in these borings. 
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In Boring No. 241-14F-2, a soft zone was encoun­
tered below a 128.5 foot depth. Approximately 100 gallons of 
drilling mud was lost between 131. 0 and 133.0 feet. It took a 
total of 112. 9 cubic feet of grout to fill the cpmpleted hole. No 
grout return was obtained until the hole was allowed to sit over­
night permitting the grout that had been pumped to solidify • 

. Apparent voids were encountered during sampling 
in Boring No. 241-14F-4 at depths between 123.5 to 124.5 feet, 
148.5 to 150.0 feet and 153.5 to 155.0 feet. The hole collapsed 
at 80 feet overnight. . Loss of mud return occurred between III 
feet and 115 feet and again between 121 feet and 13 0 feet. Com­
plete drilling mud loss took place·between 111.0 and 115.0 ft. 
depth. Casing was lowered to 130 ft. depth to minimize drilling 
mud loss and to be able to advance the hole to completion. Some 
drilling mud was lost during drilling below 140 feet for the re­
mainde!" of the hole. The hole collapsed at 117 ft. depth during 
grouting. It was then redrilled to 135 ft. depth and grouting con­
tinued. A total of 151.5 cubic feet of grout was pumped into the 
hole to i~ll it to !.he ground surface. Three days were spent grout­
ing this hole. 

During the drilling of Boring No. 24l-14F-6 an ap­
parent cavity was encountered between 114.5 to 124.0 ft. depth as the 
rods fell between these depths. Casing was lowered to 125 ft. depth 
to be able to advance the hole to completion. A total of 94.5 cubic 
feet of grout was pumped into the hole indicating that some inter­
connecting cavities exist at this location. Grouting during two days 
failed to obtain a return and the hole djd not stabilize until after 
the second overnight shutdown. 

The drilling operations of Boring No. 241- 14F-7U ex­
perienced difficulties at 120 ft. depth. As the driller was pulling 
up the rods from this depth, the hole kept caving on top of the rods. 
In order to advance the hole belpw 1?0 ft. depth, it was necessary 
to drive casing to 13 9 ft. depth. The casing dropped between 13 2 to 
137 ft. depth ;ndicating· the presence of a cavity. Upon redrilling to 
130 ft. depth, a total of 220 gallons of drilling Inud was lost. A 
total of 71. 1 cubic feet of grou.t was needed to fill this hole and it 
was grouted during one day's work. 

In Boring No. 241- 14F-9 an extremely soft zone was 
encountered between 106 and 123· ft. depth. During drilling between 
93.5 to 123.0 ft. depth, a total of 700 gallons of drilling mud was lost. 
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Some cement was mixed with the drilling mud in an attempt to 
stabilize the hole overnight. Casing was inserted to 13B.5 feet 
in order to advance the hole to completion. A total o! 170.9 
cubic feet of grout was pumped into the hole during a period of 
three days in order to fill it. . 

Extensive drilling difficulties were not experienced 
in Borings Nos. 241-14F-l, 241-14F-5U and 241-14F-B. There 
was no loss of drilling mud and the grout take was about the same 
magnitude as the v,olume of the holes. 

We believe the data assembled concerning the 1974 
borings and the borings made at earlier dates within th~ F Area 
show that conditions beneath proposed tanks Nos. 44 through 47 
along the southwesterly side of the project are more severe than 
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 ha.ve been recorded if problems similar to the recent ones 
occurred. 

RESULTS OF LABORATORY TESTS 

All the dry samples and undisturbed samples of Bor­
ings Nos. 241-14F-1 through 241-14F-9 were shipped to our lab­
oratory for'classification. These classifications ~re shown in 
geological sections A-A, B-B and C-C on Drawings Nos. GS-l 
through GS-3. A total of 14 undistUrbed samples were recovered 
from Borings Nos. 241-14F-3U, 241-14F-5U and 241-14F-7U. 
Results of all laboratory testing performed on the undisturbed 
samples are shown on Table No. III. 

The results of the borings have shown that the soil 
profile beneath the tanks is largely sand exceptfor occasional thin 
clay layers. Plasticity limits were obtained for sections of the 
undisturbed samples and for the clay layers from the split-spoon 
samples. The results are shown on Plate No. 1 and are within the 
range of values obtained from other areas within the plant, con­
firming that the clays are similar even though they occur less 
extensively at this location. The wide range of plasticity values 
is caused by the sand present within some of the samples. 

Plate No. 2 is a Soil Properties Profile presenting 
graphically the results of all the testing performed in the undis­
turbed samples. On the. left-hand panel are also plotted the vertical 
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stresses due to weight of existing overlying materials and vertical 
stres ses in the soil after the tanks have been completed, backfilled 
and filled with liquid. Four consolidated-undrained triaxial tests 
were performed on samples located above , the base of the proposed 
tanks. These tests indicate that the clay soils above the base of the 
tanks possess a minimum shearing strength value of 2.0 ksf. These 
values can be utilized in determining safe slopes in the clay portion 
of the exca va tion for the tanks. 

Only ~mples Nos. 2lU and 24U of Boring No. 241-
l4F-5U obtained from beneat4 the base of the proposed tanks con­
tained clay. Consolidation tests were performed on these samples 
to determine the compression chiracteristics of the clay. As the 
remaining undisturbed samples located beneath the proposed tanks 
were found to contain sand, no testing was scheduled for them. On 
the left-hand panel of the Soil Properties Profile, Plate No.2, 
we have indicated the preconsolidatinn values determined from the 
tests. Plates Nos. 3 and 4 show in detail the results of the tests. 
Sample No.' 2IU indicates a preconsolidation greatly in excess of 
existing overburden stresses. Satnpl~ No. Z4U was performed on 
a clay~y sand and a clear definition of past preconsolidation was 
not obtained. We judge from the relationship of the natura) water 
content of the sample to its plasticity limits and the compactness 
of the sample that this material has also been preloaded in excess 
of existing overburden stresses. 

FOUNDA TION ANALYSES 

The borings have shown that materials below the sub­

grade of the proposed waste storage tanks are essentially granular 
with thin layers of stiff clay. A stratum of calcareous sand exists 
between 70 and 100 feet below subgrade that contains zones of loose 
and soft material remaining from leaching of calcareous material 
by the ground water. The effect of these conditions on the performa.nce 
of the tanks has been evaluated as described beiow. 

Effect of Cla'y Layers on Tank Performance 

The tank construction will require excavation of soil 
weight approximately equal to the gross weight of the tank and con­
tained fluid. Therefore, stresses created in the subsoils by the 
completed structures are no greater than existing overburden 
stresses. Some settlements of the tanks will occur because of the 
clay zones within the subsoils as a result of expansion and recom­
pression during the exc<l:vation construction cycle. We have made 
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an analysis of this $ettlement assuming that 20 feet of clay may 
exist beneath the tanks and find that the settlement will not ex­
ceed one-half inch. As the clay layers are distributed over a 
considerable depth below the tank, any settlement that occurs 
will affect the entire tank structure and no detrimental differential 
settlements are anticipated. The results of this analysis are 
shown on Plate No.5. 

Effect of Voids in Calcareous Stratum on Tank Performance 

The geologic investigations and boring results have shown that 
Stratum S4 includes zones of mat~rial of very low supporting capacity 
created by solution of calcareous material by moving ground water. 
It is believed that these zones consist of a sponge ~ like structure of 
sufficient strength to support the overlying overburden soil with the 
voids filled with semi-fluid soil material. The numerous ancient 
sinks which are apparent in the ground topography of the plant are 
areas where the sponge-like structure deteriorated to a point where 
it was no longer capable of supporting the overburden weight and 
downward m0vement of the overlying soils occurred. We believe 
the surface movement was preceded by gradual loss of granular 
material into the calcareous zone. As the proposed structures will 
not increase vertical str~sses within the calcareous zone, we do 
not believe that the construction of the waste storage tanks will 
accelerate any sink hole activity. However, as the base of the 
structures are within 80 feet of the poor zone of material and the 
structures have diameters of approximately 95 feet, sink hole 
activity which causes loss of ground during the life of these struc­
tures could cause gradual settlement of the structures. 

CONCLUSIONS AND RECOMMENDA TIONS 

As a result of the foundation investigation made for the pro­
posed eight waste storage tanks to be constructed in F Area, we 
conclude a s follows: 

1. The subsurface· investigation has shown that the tank 
subgrades are underlain by m.edium compact to com­
pact granular materials containing layers of clay and 
a stratum of calcareous material with zones of voids 
filled with soft or semi-liquid rna terial. Drilling 
records indicate that the void zones in the calcareous · 
stratum are more extensive at this site than at other 
locations within F Area. 
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2. Geologic investigations made prior to initial con­
struction of the Savannah River Plant show that 
the site selected for the proposed tanks is approx­
imately 200 feet from a surface depression believed 
to be evidence of an ancient sink hole. A drainage 
depression leading from the sink crosses the pro­
posed tank construction site. We believe that the 
extent of the void soft zones and the proximity of the 
site to the former sink and drainage depressions 
indicates that the site is one of potential future sink 
hole activity. The geologic history of the site shows 
that sink hole activity is an extremely slow process 
and there is no means of· establishing whether or . 
not a sink could develop during the life of the pro­
posed structure. 

3. Materials existing at subgrade are suitable for 
support of the proposed tank base. Ground water 
is approximately 18 feet below subgrade and should 
not influence tank construction. A backfilled former 
ramp for construction of tanks to the north exists 
in the area of tanks Nos. 25 and 26 and backfill may 
exist below subgrade of tank No. 25. This fill should 
be examined when subgrade for tank No. 25 is ex­
posed in order to determine if it has been suitably 
compacted or if it should be -removed and replaced 
with compacted fill before tank base construction. 

4. Estimates of settlement of the ·pro.posed tanks due 

5. 

. to the clay layers in the overburden soils indicate 
tha t settlements should not exceed one -half inch. 
This settlement is less than has been estimated for 
other waste storage tanks within the Savannah River 
Plant as less clay exists beneath the tanks and they 
are to be constructed below existing ground. 

The void zones in the calcareous material at this 
location are not open caverns but consist of zones 
of sponge-like nature with openings filled with soft 
or semi-fluid material. Since the void zones are 
within a soil mass that is uncemented or partly 
cemented, collapse of the soil structure occurs as 
the voids develop and large unsupported openings 
which could collapse and cause sudden ground sur­
face settlements are unlikely. Because of 
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the possibility that some sink hole ar~tivity may be 
developing at the location selected for the proposed 
tanks, it is possible that tank settlement of a.n un­
predictable magnitude may develop. Therefore, 
we believe it would be prudent to strengthen the 
void zones within the calcareous stratum by low 
pressure grouting of these zones prior to tank con­
struction to reduce the possibility of settlement. 
We believe that the basic grouting program for the 
site should consist of holes spaced approximately 
50 feet on centers within the tank areas.- Supple­
mentary grouting of holes at closer spacing may 
be necessary if the field "work indicates that large 
quantities of grout are accepted in certain areas. 

6. Laboratory tests on the clay stratum. within the 
zone of excavation indicate that the clay is of suf­
ficient strength to support temporary excavation 
slopes of 1 vertical to 1 horizontal. . A considerable 
portion of the excavation wil! be in granular soil 
that will stand initially at a similar slope; however, 
some ravelling ,and loss of surface material into the 
excavation may develop with time. It would be ad­
visable to excavate a bench midway in the excava­
tion slope to reduce the amount of slope wash which 
actUally reaches the base of the excavation. 

7. We recommend that settlement points be installed 
around the rim of the tank foundation and the ele­
vations be transferred to points on the roof of the tanks 
after construction is complete. Determination of ele­
vation of these points should be made during construc­
tion and at periodic intervals after the tank walls are 
backfilled and the tanks put in service • . As all settle - . 
ment due to tank load and stored material should occur 
as construction loads and tank waste loads are applied, 
long..:term settlements should be followed closely to 
confirm that no loss of ground into voids beneath the 
tanks is taking place. 

Very truly yours, 

MUESER, RUTLEDGE, WENTWORTH & JOHNSTON 

By ___ aZ_"'h~---,=--o.~£z_a~~--.:.-z, 
Elmer A. Richards 

EAR:SLT:mr 
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Boring 
No. 

241-11F-I 

241-11F-2 

241-11F-3 

241-IIF-4 

241-11F-5 

241-11F-6 

241-11F-7 

241-11F-8 

241-11F-IO 

241-IIF~ 1'1 

241-11F-12 

F-24 

F-25 

F-26 

F-27 

F-29 

F-30 

F.-31 

1'.-32 

24~-F-l 

241-F-3 

241-F-4 

24.I-F-5 

2+1-1'-6 

241-1'-7 

1'1'-4 

SUMMARY OF BORINGS MADE PRIOR TO 1974 - BUILDING 241F - TANKS NOS. 

Type of 
Boring 

split spoon 

do 

do 

do 

do 

do 

do 

do 

fishtail 

do 

do 

split spoon 

do 

do 

do 

do 

do 

do 

do 

split spoon 

do 

do 

do 

do 

do 

do 

do 

do 

Surface 
Elev. 

+283.6 

+281.4 

+285.5 

+284.6 

+284,6 

+282. I 

+283.9 

+284. I 

+283.6 

+283.7 

+285.4 

+286.4 

+285.9 

+282.6 

+287.3 

+281, I 

+281.5 

+283.3 

+282.8 

+292.2 

+289.6 

+292.0 

+291.8 

+289.7 

+293.2 

+291.4 

+291.0 

+291.7 

Depth of 
Boring 

160.0 Ft. 

149.5 

150.0 

155.0 

75.0 

150.0 

155.0 

150.0 

118.5 

118.5 

85.0 

81.0 

163.9 

81.0 

168.9 

149.6 

153.5 

154.0 

155.0 

125.9 

141.5 

140. 1 

140.9 

141.5 

51.5 

125.8 

126.5 

179.0 

Bottom Elev. 
Of Boring 

123.6 

131.9 

135.5 

129.6 

209.6 

132. I 

128.9 

134. I 

165. I 

165.2 

200.4 

205.4 

122.0 

201.6 

118.4 

131.5 

128.0 

129.3 

127.8 

166.3 

148. I 

151.9 

150.9 

148.2 

241.7 

165.6 

164.5 

112.7 

Ground Water 
Level-Depth 

60.0 Ft. 

56.6 

60.0 

not given 

59.0 

55.0 

61.0 

58.5 

59.0 

64.0 

59.0 

not given 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Rod, Casing 
Droppings or 

Settling-Depthl 

112.5 to 115.5 Ft. 

none 

pone 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

none 

not given 

none 

none 

none 

none 

none 

none 

none 

none 

not given 

I 
I 

I THROUGH 8, 17 THROUGH 20, 33 AND 34, SAVANNAH RIVER PLANT FILE NO. 4387 

Drilling Mud Loslel Calcareous Material 
Depth. Depths 

112. 5 to 115.5 Ft. 

none 

none 

none 

none 

none 

45.5 to 153.5 
(slight loss) 

98.0 to 98.5 
(complete mud 1088) 

40.0 to 118.5 
(slight loss) 

none 

none 

none 

none 

none 

none 

none 

none 

not given 

122' 
(lost I, 200 gallonl 

of drilling 
mud) 

none 

none 

none 

none 

none 

none 

none 

not givelll 

111.0 to 147.5 Ft. 

107.0 to 142.0 

119.0 to 131.0 

58.0 to 69.0 

117.0 to 131.5 

121. 5 to 126.6 

117.0 to 131.5 

112. 5 to 118. 5 

112.0 to 118.5 

121.0 to 135.0 

118. 0 to 134. 0 

107.7 to 147.0 

125.5 to 137.0 

105.0 to 108.0 

124. 9 to 125.9 

125. 6 to 141.6 

125. 0 to 140. 0 

124.8 to 140.8 

none 

none 

none 

none 

125. 0 to 176.0 

Grout Required 
To Fill Hole 
Cubic Feet 

not reported 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Remarks 

Casing lowered to 120' depth to maintain 
hole open. 

Only caicareoul lenlel noted between 
58' to 69' depth. 

Piezometer installed in this hole. Shallow 
boring, did not I:each calcareoul zone. 

Shallow boring, did not reach calcareous 
zone. 

No sampling below 80' depth. 

Shallow boring, did not reach calcareous 
zone. 

Caved between 164. 0 to 168. 9 ft. 

No sampling below 82' depth. 

No sampling below 8 I' depth. 

No lampling below 81' depth. 

Boring apparently dilcontinued becaule 
of lack of drilling mud circulation. 

Shallow borinl. did not reach calcareous 
80ne. 

TABLE NO. II 
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TABLE NO.J[ 
SUMMARY OF LABORATORY TEST DATA 

SAMPLE 
CLASSIFICATION PROPERTIES 

PHYSICAL PROPERTIES 

IDENTIFICATION STRENGTH CONSOLIDATION 

UNIFIED 
UNCONfiNED TRIAXIAL e (.lASSIFICATI().lJ ... 

'" 
'" SYSTEM COMPRESS I ON COMPRESS I ON 

'" 
... 

2 '" .. I 

.. j :::; ... 
'" .. .. ... 

~ '" :J 
... '" ... 5 ... '" ,... ... ... '" ... .; 

:z z A Z~ > :z: z z ~ u ... '" - ...OK l!; 
... ... .. ... ... .. U 

0 ... ~ 

i" 
... 

~ '" ... ... ... ... ... '" a ! ... ::. v; z ... !i ! ! Q ... .. .. -' 
!! .. .. 

~ 
Vi ... ... !i ... .. :l! ... u -' 

:z u ~ ~ Uj ... .. .. '" '" U .. U ::> '" ... ... - ~ 
... -' '" '" • !I~ z .. :JI 

!:!! .. z ..... > '" ... :;;; ...... ... .. ... .. .. - ... '" ~ ~ ... ... ~I .. .. ... ... '" or ... ... ....... rg '" E 
.. ". ... ....... ...... ... '" ...... ... :;0" ...... ... >'" ! ~ ",l!; .,; Q !I~ .. !I'" '" .., ,.. '" ... '" ... '" ... ... .. 0 ... -

~ ..: = ... " .::::. - ... !~ ... ... '" OK !~ OK Q'" -Z ... ... ~ 0. ~ '" .. !b- z ... ~ ...0 '" '" ...... ... :IE a~ ~ ... - '" '" U l!; -'" ... U ... ... on ... ~ .. .. 
'" j ::>, Q .. ..: ~ > Q ..., ... ... .. ... ..... c .. ~ .. ;: i! ... .... 
z '" ~ !Ii ... i ... .. - I-

~ 
Z .. "0 :;;; :!' - .. .. . .. j ... - 5 ... 

~ " ... u .... ;;;: ... ... ~ 
... ~ ::> ... ::> '" -u ... "'''' .. ... :;!=! ... ... ! ... '" .. ;!ib- !b" ... 1! ... - ... ... ..: l -

'" ... t;:; - .. ... ... 51 ~ .. .. ... .. C ~ .. ... .. '" "' ... • ... Q X" ... ... zo ... ~ U OK ... '" ... o~ u~ z ... ...... U > .. 

HI· 
"'-1 110 7'.1 C2 57 157 12' as 

110 ".1 C2 U " 73 31 

HI· 
IU-2 1011 ... S II sa II " 16 

1l1li ".1 C2 110 101 7. ~I 

1'1-
IU-IU III 21.1/ CI 21 M 21 21 OC 1.10 1.10 2' 23 

200 " .1 C2 M 131 II M 

2"-",., 130 n.' 12 .- 10 • " 
nl· 

In·5U 'U '.1.1 CI 20 OC 2." 0.50 20 ,. 
au ,. .. ; CIISI 15 OC 2.17 1.00 'S 
12U 50 .0 ' II II 

I I'U ao.o 52 17 
I6U aI.5 12 21 
190 n.s C2 ea aI n 
21U 100.0 sa as IH 71 7J 2.n n 6.0 " .0 1.20 0.2' 1.020 

2'U '''.1 II 2~ as " I. 2." 27 6.' 5.' 0.%2 0.010 0. l1li9 

HU 11'. 2 13 33 

2"-
1'If·a . 70 2'.2 CI 22 15 II 22 

110 11.1 C2 n 125 n 7. 
200 ".1 C2 10 at .2 10 

2'1-
2i.~ I 

~ 21 21 "F-7U au CI ,. OC 2.71 1.10 

2'1· 
I.f-' 10 7.2 CI 21 l1li 18 21 

nl-
l.f·1 21D ".1 C2 16 110 lOti 16 

DESCRIPTION Of SOIL TYPES NOTES ~ 

. 
'II t.,ta .~rlzad _bovowln perfot'1Nd In thl 10111 labontor, - @ 
of "" ... r. lutl.d ....... t ... rth , John.t ... . 

!.!!!!..ill! 2. Th •• ..,1. depth lI.ted .bOY. I. the ••• r ... d.pth of the 11..,1. 
Itlff .. ttled rod. br_ .nd ,vrpl •• "t, cl., r.cov.red. 
to fin, .and, cll', tracI lrav.1. I. Orolllnd ."rfecl .1.Vltlonl It borln,l Ire II follow. : 

@ 'AIIO WlTN lONE CLAY LAUpl 
lorin, 10. li!ill!!!l lor 1ft, 10. EI,,"t 10ft 
nl-I"-I .213.7 2.,· "f·e ~ 

NIdi .. c..,.ct to c ...... t ~rown. ""'t ... d porpl. 2.,·1.,-2 '2".2 2"·IU-7U ·216.2 
flna to lledl ... 1IId .nd cl.,., flna to lledl ... Ind m·"F·IU '217.' 2"·"'-' '217.0 
.Itb ._ cl.t , ....... 2"-"F·. ·2 .... UI·"F·. '2".6 . 2"·"f-SU '2".7 

@ ~ .. " •• hral ,iflt.r content of .ntl ra • ..,1." It a weltttl ... v.ra,. of 

lied I. c..,.ct to •• ., c ...... t red. br ...... _ ail uterlal t,,.. r.cover" . 

orlll,' fino to lledl •• 1IId. trec •• i It Ind cl.t. 5. Th. tria •• al cQllPra .. lon tllh perfor .... wer.1 

@ 
oc . eon.olld.led Q.,ck h.to leu - eon.olld.ted Undr.lned TOItI) 

Wl 6. Str.ngth t .. tI wor. perforMOd on • ...,1 ... ppro., .. tl" 2-7/. Inch •• 
Itlff to hard brown and ,reen cl.,. tr.ca fine to In dl_tor . Th. rotlo of h.ight to dl_t.r of .11 .tren.th t •• t 
..." .. lind I ..... . ...-el .. ", WI' Ipproll .. t.l, 2.0 • 

@ 
7. The .trentth tilt. N.re perforNd at a rlt. of .trlln of I p.r c.nt 

~ per _Inuta. 

'-

J 
Loota to vary c.,act _rOIll"' . Ira, and ,.11 .. cia,., e. CCNlJreulon Ind.1 Cc .. Str •• ,ht I in. port Ion of the vi "In curwa of 
lind. flnl to Mdl_ lind. tract to .... tla,. tnc. conlOlld.t Ion t .. t •• eo • Cc log P/Po 
,ravil and or,anle .atarial. • . Sw.II,n9 Indo. C • • Stral,ht Ilnl port Ion of the r.bound eurv. of 

con.olld.tlon h.t .·.0 - C. Log P/'o 

IIUISElI • RUtLEDGE. WENTWORTH & JOHNSTON BUILOING 241F ' WASTE STORAGE TANKS 
, ..... " .. I ........ SAVANNAH RI VER PLANt 

'-, .,. MID IIU lHIUE 
E I OU PONT DE NEMOURS & CO •• INC 

... YOU , I. ,. 10017 

" 

DATE January 28 1R7~ fiLE NO. 4J87 SHEET NO.1 Dr 1 flAI ~ lin rrl 
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TEST BORING 140/ ~ S'fIIIIOL 

0 241-1 ~F-I / ./ ~~~ 
<\> 2~1-14F-2 / V 
A 2~1-14f-3U -

/ V 
VI ~"I-I .. t-'+ 

... ~ 

120/ 
1\:'1' ./~ 

0 2'l1-IQF-5U 1-80 
/ V • 2IU-I'lF-6 C2 

/ V J 2~I-I'lt-7U . ./ .. 2IU-14f-8 / / l/ • 2'l1-l4F-9 / / V 
~ 10 

/ 100 / ./ ,C2) 
// / V 

~ . 7 / ~ 
V 

/ ~+ / 0°1/ io"" 

+Q / l~} 
IAOUP UNIFIED SOIL CLASSIFICATION ~ , / V SYMBOL FINE GRAINED SOil GROUPS ~-4. 80 ~ 

Ol _It 1ILl'S - - an CLAYS 011 &SIll /.. f:J' / <~ ./ PLMTlCln , 

ML IIIORIMIC C;UYEY ILl'S 11) - ,. --~ ~~ / CH f;) I qD / 180 r. 011 ILJaIT PUIT1G1TY .. .. 

CL :::::enOLAft 011 &SIll TO _liliiii / q" / 190 (C2) ./ 
",. C2 21U 

OH --- OL.AYI 011 - 11) .... / / ee2 V (53) 
PLASTICITY, _ ILl'S . 

MH _IC al'S - CUl'tt/ 80 / "" 
a q / ~ 
...... GUft 011 / 100 '/ 

CH _ PUlTICITY / (:; .\ )"-

t V I 200 ~ 

/ 
2iju 

rC e2) ./ 
40 / (~H \.. ttl V 
/ 4 Ii ~V I 

/ 7); ~S CI 
/ 190 IIt14 01 Ott 

/ Cl .,,~ I (C2 ) 
180 180 200 220 

1Cl/ ,1 8U 
BUILDING 21JIF - WASTE STORAGE TANkS ,1 (CI ) - ~ SAVANNAH RIVER PLANT , 

S 
~ 

~13n 
l/~ 3D E. I. DU PONT DE NEMOURS & CO.. INC.! 

fit (S2) I'&': V 
(,1 t.lJESER· RUTLEDGE· WENTWORTH fA JOHNSTON, 

cOltSut.:r1 .. e .. el .. ElEItS z f 
./ l- or Ol 415 MADISON lINE. NEW YORK 17. N. Y. 

~ 
~~ 

!IAOI M'. !'-~!! DAft. 
::ii~~5 PILI .0. 

10 WID M" VLT DATI' 4387 
20 40 ~o eo eo 100 120 140 PlASTICITY CHART 'UTI IIQ. 

I UQUID LIMIT BORINGS NOS . I~F-I TO 14F-9 I 
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AVERAGE EXISTI G GROUND SURFACE 

V 

G.W. L. 

EFF CTt VE OWERBUROE PRESSURE 

VERTI CAL STRESS BENEAlli <t OF TANKS 

II 8 
OVERBURDEN a PRECONSOLIDATION STRESSES 
AND COMPRESSIVE STRENGTH -TONS PER SQ. FT. 

: - GROUND WATEIt LEYEL OISERVED IN IOltlN8 

ItAN8E Of' PltECONSOLIDATION S~US VALUES' 
MINIIIUIi POSSIILE 'I • . IIOST PltOIAILE 

8 BORING 2111_IIIF-3ut 
c:> BORING 2111-IIiF-bU CONSOLIDATED UNDRAINED TEST 

c:J BORING 2111-IIIF-7U 

III 0 TSF 

o 

(BORING SU) 

0 

G 

0 

0 

30 60 90 120 
NATURAL WATER CONTENTS AND 

PLASTICITY LIMITS- PER CENT OF DRY WEIGHT 

(.).AVEltAGE NATUltAL WATEIt CONTENT OF amitE UNDISTUItIWI 8MI .. LE 
~NA1UIW. WATER CONTENT 0' DIlY SAMPLE Oft NATURAL WATER 

CONTINT 0' PORTION 0' UNDISTURBED SA .... LE 

"USTIC UIlIT • I =-1 .. i· UQUID UIlIT 

NATURAL WATER CONTENT OF UMIT SPECIMEN 

o (3 BOR ING 2111-111F-7U 0 G • BORING 2111-IIiF-SU 

A A A BORING 211 1-IIIF-3u 

150 

:;:l :;:l 
M Lr) 

300 
I I 

U- ~ 
:r ~ 

I 7 
:r ~ 
N N 

201 201 
280 31lt 30.I 1I[j[ 1 

IIUI 

Silt 50I 

6DJ. 
6uI i 70t , 701 

260 8uI 

I 90t 
8uI 

I Oat 
901 

lUI 
1011 I 

I 201 I 
J III! 
: 2110 
I 30t I 

12uI. 
IIDI 13Q[ 

I Silt 
I I Ill[ 

! tn ISQ[ 

,220 70t 

i ·IBo! 
1611: 

1711 I 

19~ IBIX. 

1200 ~d I 9 III 

19AUot 

2~ o~ 3D 
.luI 

180 
110 201 

sol 

280] 

60 I , 90 

I 00 
j 

i 
I 

! 

, 
I ~ 
i ~ 
I ~ 
: 
! 
I 

SDl' 

6 III 

1!Xt 

SUi 

8ltOUND SUlttrACE ELEYATION. 
:;:l ..... 
I 

U-
Lr) 

7 2111-IIIF-3U 
:::t" 
N Elo +287,9 2111-IIiF-SU 2111-IIIF-7U 

EL +286. 7 El. +28S.2 

F 
20 Z 
30r 0) @ 
1101 Fill SilTY CLAY ® 5u 
C!)l 

701 @ 
8D} 
~u 

10DI @ 
lIot ® ® SAND WITH c( 
12ar SOME CLAY t-

c( 

130t lAYF.RS D:: 
t-

11101 
tI) 

"'" I SOl 0 

1601 tI) 

z 
17UI • ® \0 0 

t-
1801 SAN~ ® 

a. 
D:: 

190r u 
tI) 

OD:[ I£J 
0 

IOJ CLAY 

2[)l: 

301 

1I0I @ 
50I ® 
601 CLAYEY SAND 

701 

801 @ 
901 CALCAREOUS 

CLAYEY 
001 SAN~ 

NRI _V~I 

El. 127.9 El.11I6.7 El. 110.7 
BOTTOM Of BORING ELEVATIONS 

BUILDING 2~IF - WASTE STORAGE TANKS 
SAVANNAH RIVER PLANT 

E.I. DU PONT DE NEMOURS & CO., INC. 

MUESER' RUTLEDGE' W~NTWORTH & JOHNSTON 
CONSULTING ENGINEER. 

415 MADISON AVE. NEW YORK 17, N.Y. 

eN'IID IY I AAK ."". 1- 211-75 

SOIL PROPERTIES PROFILE 
BORINC~ NOS. 3U 5 & 7U 

"LATI _0. 

2 
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- .-..... ,L.) 

..... 

. 01 ~ !0)7 

LI· 

.... 

-

n 

\ 

'- 1\ 

,'\, 

: 

--

, 
'~ 

I 

'\ :-

. 

\ 

1--+-1--+-1-4-+-1--1---+-++++--+--+-1--+-++++-+-+-+. TI MEl N M I NUTe;S~H--+-~++++t-+++++-+--+---H-++-I+++-+--+-4-+'+--t--7-t-+-H7t-t PR~S~U R.E IN T! IN S PER ~Q.Ff f-.( M ~ 

F~~r~~~~II~~~mtl~~I.~uD!rP.~~·~5~~J]I~u:c:~[ I ~1~1~1~' 5~U~~~~U~~~~~'~~~~IU~UU~' ~~~I~~~f: '~U;~I'-~1+L~~-UO~.t~-_-_+~-~O~2=t:tj~~.~ti5·~:-jr;;I~;;;j&-~2~~1r~~l L~~~~O~~~IO~~~~2~O~: '~~~~~;;~~6 
:IJURIE 0.:; ~ 0 'B~ lop-"".-·:."'i.. YELLOW-GRAY CLAYEY MEDIUM TO COARSE S~D, TRACE FINE SAND AND GRAVEL 11TRAn.. S3 BUILDING 2ijlF - WASTE STORAGE TANKS 
~ ( 0.367 0.733 ~NIFIED Cl,ASSI·."Ai'.\In SC ELEVATION OF sr:::~"- +172.8 INITI VOID RATIO (10)' SHOWN THUS 0.7n SAVANNAH RIVER PLANT 
Co) 0.733 1.~7 ~; UQUID UMIT (WL) 65.0 ~~i:)ltPTH OF SPECIMEN (n.) 113.9 FINAL VOID RATIO (If)' SHOWN THUS: 0 1 62~ LI. DU PONT DE t~EMOURS & CO., INC. 

k~I--*'"--+--';";I,.';"';;';;'~7--+--2:.';""9"'--3-t.,,:;z PLASTIC LIMIT (wD) 23 . 9 .,,;z DIAMETER OF SPECIMEN (IN.) 2.50 MOST P"OIAIUS::c;.or.:H~~~;~ltN STNESS (TSF) S.~ MUESER'RUTLEDGE'WENTWORTH&JOHNSTOH 

~: ~ 2.93 5.87 ~~! INDEX (~"- ~I I ~:! INITIAL~ OF ... - .(INJ 1.005 !XlSTING OVER8URDIN.!~.:~S8 .CTS') 41~ MADISOC:":V~',"~;C;!~~'tc~NY.IOOI7 :f
i 

(~ 5.87 11.7 1: 0 :;: NATURAL WATER CONT. % (w) 2~.3 E~~ INITIAL WATER wnlUI % 27.2 SHOWN ." .... ·PO, 5,~ ~" A~K DATI' 1-22--::->1: 
! 0 ( I .~ ~:; LiQUIDITY INDEX • ~ =:; FINAL WATER CONTENT "" 23.7 COMPRESSION INDEX (Co) 0.22 :;.; ,,: KSW DATil ;-28=75 '~~8;o. 
: ~ (~ fi -?- 0.01 f8 INITIAL DEGR!E SATURATIOh % 9~.3 _1111",:1 INDEX (c.),RiiOUND FROM .0,lJ89 0 r~ CONSOUDATION TEST "LATllIo. 

l ~ SPECIFIC GRAV'''Y (G) 2 ,68 FINAL DEG"E! "IV .. " ION % 102.0 , IBORING 2'lt -I~5U lIlAUDI ~ NO.24U ij 
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2. THE SEffiEMENTS ARE DUE TO THE C~SOLI DATI OH OF 
THE SOl L ABOVE THE CALCAREOUS STRATUM, ASSUMING 
THAT THE TANKS ARE FILLED WITH LIQUID AND BACK­
FILLED WITH SOIL. 
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~ .J.. .. INDICATES ESTIMATED SETILEMEHT 
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BUILDING 2~IF - WASTE STORAGE TANKS 
SAVANNAH RIVER PLANT 

E.I. DU PONT DE NEMOURS & CO., INC. 
MU~SER • RUTlEDGE • WENTWORTH & JOHNSTON 

CON8UL TING ENGINUR8 
4115 MADISON AVE •• NEW YORK 17 

MADE .Y: R DATE: - 7-75 
T 1- -

SIMfARY OF SEffiEMENT ANALYSES 5 
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, ... For Ncme R""d 
Proctor 

'-/ Mues"r '.-Rutledge 

Wentworth -
John$tC)n 
Peirsons -
Kuss 

\/ Johnson .1 \ 
Gould I 

-Z 

April 1 Z. 1963 

E. L Du Pont De Ne.mours at Company 
Engineeri:.1g Department 
l' ... ouviel's Building 
WilrningtO'Al 9~). DG1a.ware 

.Attcntion~ 1\'1r. A. J. McCuUin. 
Design Diviaion 

RE: SAVANNAH RIVER PLANT 
FOUNDATION lNVESTIOA"fION 
ADD!TIONAL WASTE STORAGE 'rANKS 
Nv~ 25 TO ZS INCl.USIVE 
F AR.EA, PRO~~T 981164-13 

.. 'm ...... 

Gentlemen: 

On AprU 11, 1963. Mr. A. J. McCuUin requested a letter 
l·eport sUIl.1marizin.g our study of the logo of 13 borings and 2 
plezometen:s locat~d at the site of these p?oposed t~.f1k6. The pur­
pose of our review was to deterlnine if abnormcl subsoil conditions 
at the proposed tEink loca.tion are indicated by the borings and 1£ 

I grout.ing h required. The cauaat of I){)saible abnol"1.nal mJ..osoil con .. 
diUons, EJolution of calcal!.cous material 5n the :McBean Formation. 
to o.iecuss~d ill dotail in the repoz-t !lQeologic .. Znginesl-ing Investi­
gation!}" dated l",larch 195Z. WC; underci:a..nd that the tanks will be 
locatli!d lal'g01y beneath the existing grou.nd surface. ltully loaded 
tar.ks wUI, · thel"-eiore. not increase &,.~istiug 6uh30il prasaures LlIl 
th'3 Il Golut!ontl zone. 

The · result-a of the borw.g~ ~;re ouxntnazoized on 'rab10 No. 1 

>--_DsSI~!!_J= = 

a..ud their locations are shoVv"ll on Dl'a',vlllg N(J. 1 t on vihich also is 
&hmvn a Si?l1pHfied 1(')8 for each hodng showing deptlll'J at -"vbieh cal ... 
cal"eous material was GX'lCoWlterea and location of drilling {hlid 10SDe!f.f 

whe:&'(j t~J.e~e occurl"od. "Che bO:t'ing~ penetrated the calcal'eoua zone 
fOUL,d, t.hl'O\!gho1.lt t:Ce plar:.t al"e~ I!ln.d in which rod droppings or slow 
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settling and/Ol' h.H:iSeS of water and drilHpg mud may occur. While 
calcareous nlat~l·ia.l was encotl..lltered in all 13 borings at the ap­
proximate depths &!ticipated. a loss of drilling fluid occurred in 
only Z. borings (See Table No. 1) and in no boring did the drill rods 
drop rapidly or settle slowly, a.s has occurred elsewhere in the plant, 

The 4 (;:>..-ploratory split spoon borings, Nog. I, 9, 11 ~ .. lld 13, 
exhibited normal penetration re~i6tances throughout their depths and 
high penetration resistances at depths where calca:t"eous materials 
were encoulltcl"ed pee Drawing N·o. 1). The complete absence of 

. either rapid dl'opping or slo'w settling of the drill l'ods; the high samp·· 
ling penetration I'e dstance in the ca1careou8 materials, even at the 
depths at which drilling mud wall losl;; and the absence of drilling mud 
losses in aU but tViO borings indicates that an open solution cavity con-
dition does not cx.ht bp.n.eath the tie tanka. ' 

Each bering wa.s grouted to prevent free seepage into the 
~olution zone and as a to st to measure the extent of voids within and 
above it. All but two borings required o:nly the vohune of. gl'out 1'e .. 
quired to fill the hole made by the borings. Borings 1 and 4, both of 
which lost drilling !nlJ.d, see Table No.1, ;i.·equired Borne additional 
grout but the quantity was small and is n.ot considered significant. 
Ol'(mting the bo:r:i.Jlg~; ci)ne.tity\ted an ~mpcrt3.nt test of th~ sclut~oXl Z()!1~ 
a.nd th€. l'0sult;a confh'm. o.,~t". irom the borings 7.ndicating that a condi­
tion of open voidt;; dOGZ no't exist be:o.eath the se tanks. 

Because the t,,,nks will not impose additivllal loadB on under­
lying subsoila, .:.nd hecauso of: (1) tue :reas5\.l.ring conditions indicated 
by the borings, (l) the relatively close spacing of the borings, and 
(3) the SO foot thick zone of intact soil between the bottom of the tanks 
and the t.op of the calcareous Inaterials further exploration benea.th 
these tanks is Dot inrlicated and we conclude that the site is suitablG 
without additional te sting or further groutin·g. 

If there b any additional in.fol'mation you. deDire~ please advise 
us accordingly. 

wm ... !:HC 
enel 

Very truly yours, 

MORAN, PROCTOR, 1-iUESER &. RUTLEDGE 
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0 0 
NOTE: Incorrflc{1i labelled 

TABLE NO.1 , Borings Qr~ in , F Area. (MRWIJ lan .75) 

SUMMARY OF BORINGS FOR ADDITIONAL WASTE STORAGE TANKS - H-AREA 
SAVANNAH RIVER PLANT - PROJECT 981164-13 

.... 

tJ (G 
Coordinates Surface Bottom Ground Water Rod Droppings Drilling Mud Losse s Calcareous Mate rial Grout Required to 

Boring N E Type of BorinS Elevation De~h Elevation Level ~r Settlinl Depths De;2th DescriE!ion Fill Hole - c. I. 

' ... F-lI'l Pier. 76944 52723 287.21 75.0 212.2 60.5' - 3/11/63 None None ~one 

• -\ 1, ft-P[ii. 77090 52865 290. 12 51.0 239.1 Plez at 50.0' - no " " " 
water 

,z 7691-0 / 52695 Split spoon 286.60 201.5 85.1 65':1: " 125'-134' - 1500 gals. 125-134 Calc. clay, shell 2 . , 
and lime stone ,. 

76890 .~ 52668 Fishtail 286.2.7 161.0 12.5.3 " None 122-144 " 1 

1 160.0 
. , \ 

76890 52780 " 287.18 127.2 " " 123-126 " 1 

L /. 77000 52668 " 287.29 171. 0 116.3 " 124 -171 - 3500 gals 
12T 61 " 4 

water and drilling mud 

':--/0 t-----. 76890 52890 " 288.51 165.0 123.5 " None 12°

1

152 " 1 

';-i' f 77110 52.668 " 2.88.89 165.0 12.3.9 " " " 1 126-155 

F-J7 -l 77110 52890 " 290;57 161. 0 129.6 " " 12~f49 " 1 

r- -18 - 77110 52780 " 289.30 171. 0 118.3 " " " 1 124f S6 

F -If ~ 77056 5272.3 2.88.61 2.01. 5 87.1 " " " 1 Split spoon 115-150 

,f:.-ZI!AjJ 77000 52890 Fishtail 289.77 151. 0 138.8 65'z " " 125-143 " 1 

, P-1/ lp 77056 52835 Split spoon 289.58 201. 5 88.1 65'~ " " 125-130 Calc. clay Ie shell 1 

I F-Z¥ 77000 52780 Fishtail 289.46 151.0 138.5 " " 128-132. Calc. clay, shell 1 
and lime stone 

r- ... z.) I 
288.98 201.5 86.5 " " 124 .. 133 Calc. clayey .and I 13 76944 52835 Split spoon \. .-., 

.' with limestone -- 5"1 --
) I 

'\-

LJ f f'3 

<fS,'3 '5 

\ t 

EWR 860438



. 
z 
o 
~ 
~ 
I&J 
.J 
ILl 

~ . 

140 

700 

180 

160 

,~ 

ItO 

100 

• 

80 

W,. 
-11 

. _. ,1 
" ,. ,. 
to 

" - 7i-

I~t ,..... 

" ~-. , 
~ 

" fM' ,.-.' e 
~ 

29 
19 ,. 
e · 
eo' 

" n lu t 

10' 
60 

" 1. 
" •• 
to' 
10' 
",' .' ." " /III' 
110" .... 10' 

2 

-

:i 
· r 

--
"-

BORING "-10. 
5 6 7 8 . to 1I 12 

Propo •• d "..II~ around~~_k_I_' f_'_.tft_ • ..a\ __ --. ______ . _____ -_-._.-..... -------.--....,...-__ _ N71110 ~ ~ - - --- _._.- +' . 
---..... a,...·2 

--~-
.. -- - -- -+-.t----- . - .-

/"' Calc¥t!OU$ c'ay. 
, " 'I",e, " -

51s/Ff. 
n 
JO 

44 
)5 

)9 

40 ,. 
JO 

41 
~o ... 
.~ 

" 59 

.. 
J7 

42 ., 
42 _ 

eo 
DO 
ao 
10 . 

'0 
60 

ID 
(,~ 

I/!# 
I/!# 

10 

10 

10 
If) 

10 

10 
71 

10 ,. 

~/ft 
r- II 

60 

J5 
JO ,. 
" fD - 7-.. 
5l 

- 1-

fD ... ... 
47 

eo 
10 

~2 

1--" 
~ 
4l 

~~ 

50 .. 
10 
Z(, 

~ IIJ 
600 
eo 
'0 
56 

'" 
" 4) 

41 

eo 
eo ,0 
10 ' 

10 

80 ... 

81s/". 
r-

" J' • I- - -
3Z 

n 

" eo 
52 -- 7-
~ 

'S 
40 

" it 

r-r- ~ 
ID 

/ U 

" - .. f-'~_ 
46 

4' 
46 

I-....!!-
•• 
" J/ 

I ~ H 
M 
ID 
IIIJ 

.!!-. 
III .. 
'0 
10 
III 
10 
10 
10 
10 
III 

.... 10 

,.-- --.... 

'i" 
\ 
) 

/' 

I 
I 

. 
[" .. , . C 'Z7IO 

- I .. 

BORING LOCATION PLAN 

NOTES: 
r Numbers 10 iN n,hl of bor.",.,.. 6/ow, I Foo+ o( 

14O·1I," .. ft~r "",", 50" 01\ ittndarfS tI" •• spoon 
samp'es. 

l Catcreous rones ... 1Ite/.ut.e/1Iy $01111 an'n 

, No droPPln4 fir Slrtth"CJ of dr.II rods occurH on 

..., Do!""If' , 
4 Onll,". fluldwn lets, on" In Bon"" '~4 .. 

."chClted. 

10 .- - -+-_.- ---

" I \, 
I 

).1 
L£GENO: :, -0 Dry samp'. (,phhpoon) 

t borll'CI 
8 Plezolllricr 
+ 'I,htlll bor'ln" 

f~Zeto . ~.. . ~ ... 

E J DUPONT DE NEMOURS I COMPANY 
ATOMIC. ENERGY C.OMMISSION 

SAVANN.\H RJ'J£R PLANT 
AD( ofTIONAL WASTE STORAGE TANKS 

I AREA 
PROJECT 98"~4·13 

MOUI. 'IOCTOI. MUESn " IUnEDI! 
c.otdULTING ENGINIEIE" • 

• IS MAOCSON AVE.. NEW YORK 17. N. Y. 
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