’
s :

e

D
Prject No. 78.265 AD2AIPHODIADNILA

July 80

AD-A286 160
MR HARER

Report

Results of Permeability Testing
Rocky Mountain Arsenal
- pTIC

‘&f“f
M,V 1 0\(\9&

v G

Testing Services
Contract DAAK11-79-M-0003

U.S. Army Aberdeen Proving Ground
APG(Edgewood), Maryland

ﬁ Qemwﬂ#

(..




DISCLATHER NOTICE

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
COLOR PAGES WHICH DO NOT
REPRODUCE LEGIBLY ON BLACK
AND WHITE MICROFICHE.




. 1

Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704.0188

Public reporting burden 'or this collect'on Of IATOrMALION 14 SIIMBLEA 10 Averaqe ! hour Der respone, Including the Time (0F TeVIEWING INSITUCLIONS, 1837CAING EXrting dBtA SOMI(M,
Gathvnng and MEINtINING the dath needed. and cOmDIeting and reviewing the collection of iInformation Send commaents reqarding this burden estimate o sny other sspect of thi
coliection of IOrmation, inciuding tont 100 feducing thit Durden. 10 Wathingtlon weadauarterns Servicey, Directorate for information Operauions and Aeporty, 1213 Jetfenon
Davis (rghway, Suste 1204, Art:ngton, VA 122024302, and to the Qffice of Management ind Budget, Paperwork Reduction Project (0704-0188), Washington, 0C 2050).

1. AGENCY USE ONLY (Leave biank) 2. REPORT DATE 3. REPORT TYPE AND OATES COVERED
07/00/80

4. TITLE AND SUSTITLE 5. FUNDING NUMBERS
RESULTS OF PERMEARILITY TESTING, RCCKY MOUNTAIN ARSENAL

6. AUTHOR(S) DAAKT! 79 W 0003
7. PERFORMING ORGANIZATION NAME(S) ANO ADORESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
O APPOLONIA CONSIALTING ENGINEERS

81281R07

9. SPONSORING / MONITONING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGINCY REPORT NUMBER

ARNY ENGINEER VATERMAYS EXPERIGENT STATION
ABERDEEN PROVING GROUND, ND

11, SUPPLEMENTARY NOTES

125. OISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED

12, ABSTRACT (Maximum 200 words)
IN AUGUST 1978, LONG-TERM PERMEABILITY TESTING OF SOILS AND BASIN

F FLUID FROM ROCKY MOUNTAIN ARSENAL WAS UNDERTAKEN BY D'APPOLONIA. IT WAS THE
PURPOSE OF THE TEST PROGPAM TO MEASURE, AS A FUNCTION OF TIME, THE PEPMEABILITY
OF CEMENT-BENTONITE AND VARIOUS SOIL-BENTONITE MIXES WHEN ACTED UPON THE BASIN F
FLUID ASPERMANENT. INITIAL TESTING WAS CONDUCTED FOR A '100-DAY PERIOD AND WAS
COMPLETED IN DECEMBER 1978. THIS WORK WAS PERFORMED FOR THE WATERWAYS
EXPERIMENT STATION AS CONTRACT DACW39-78-M-3705 SEE RIC #81266R43: RESULTS OF
LONG-TERM PERMEABILITY TESTING, ROCKY ' '
MOUNTAIN ARSENAL, DECEMBER 1978. CONTINUEL TESTING OF SOME OF THE INITIAL
SAMPLES AND PREPARATION OF NEW SAMELES WAS CONDUCTED FOR'USATHAMA AS CONTRACT
DAAK11-79-M~-0003. THE SECOND PHASE Of TESTING WAS TERMINATED IN JUNE 1980. .
THIS REPORT PRESENTS THE COMPLETE TEST RESULTS FCR THE SAMPLES TESTED THROUGH

JUNE 19809.
DETAIL3 CONCERNING THE SOILS AND FPERMEABLIL1TY FLUID USED IN THE TEST PROGRAM

14. SUBJECT TERMS 15. NUMBER OF PAGES
CHERICALS, TREATMENT, DISPGSAL, BENTONITE, SOIL

16. PRICE CODE

TT_SECURITY CLAZSHICATION | 18, SECURITY CLASSIFICATION [ 19. SECURITY CLASSIFICATION | 70. UMATION OF ABSTRACT|
F THIS PAGE F ABSTRACT
N AR 1D OF Tais

Standarag Form 298 (Rev 2-89)
ooyl peeg Dy ANSE Ste 239418




v -
A

Report

- RI281QF

Results of Permeability Testing
Rocky Mountain Arsenal

NTIS CRA&I
DTIC 71AB
Unannounced

Justification .

Distribution |

Viad

Availability Codces

. Avail m H/ or
Dist special

|

Rocky Mountain Arsenal
Information Center
Commerce City, Colorado

94-34834
LB

DN DHLADN G




TABLE OF CONTENTS

LIST OF TABLES

1.0 INTRODUCTION

2.0 PRESENTATION OF RESULTS
3.0 DISCUSSION OF RESULTS

TABLES

APPENDIX A - RESULTS OF PERMEABILITY TESTING
SAMPLES 1 THROUGH 4, 13 THROUGH 16

APPENDIX B - PHOTOGRAPHS, SAMPLES 1 THROUGH 4
13 THROUGH 16

o
[
[c]

DHINEIPOH AONIN




i1

LIST OF TABLES

TABLE NO. TITLE
1 Description of Test Samples
2 Initial and Final Specimer. Measure-

ments and Weights
Permeability Calculations

4 Averaged Permeability Values for
Each Report Period

5 Qualitative Summary of Test Results

Rocky Mountain Arsenal
Information Center
Commerce City, Colorado

DN OIAONICN




REPORT
LONG-TERM PERMEABILITY TESTING
UNITED STATES ARMY ABERDEEN PROVING GROUND
CONTRACT DAAK11-79-M-0003

1.0 INTRODUCTION

In August, 1978 long—term permeability testing of soils and Basin F
fluid from the Rocky Mountain Arsenal was undertaken by D'Appolonia
Consulting Engineers (D'Appolonia). It was the purpose of the test
program to measure, as a function of time, the permeability of cement-
bentonite and various soil-bentonite mixes when acted upon by the Basin
F fluid as a p2rmeant. Initial testing was conducted for a 100-day
period and was completed in December, 1978. This work was performed for
the U. S. Army Waterways Experiment Station as Contract DACW39-78-M-3705.
Continued testing of some of the initial samples and preparation of new
samples was conducted for the U. S. Army Aberdeen Proving Ground as
Contract DAAK11-79-~M-0003. The second phase of testing was terminated
in June, 1980, This report presents rhe complete test results for the

samples tested through June, 1980.

During the initial 100-day period, twelve samples were tested., At the end
of that test period samples 5 through 12 were discontinued and samples 1
through 4 were continued as part of the present contract. In addition,
samples 13 through 16 were prepared and tested as part of this work.

Thus, samples 1 through 4 have been tested for a period of 692 days and
samples 13 through 16 for a period of 472 days.

Details concerning the soils and permeating fluid used in the test
program are contained in the December, 1978 report issued by D'Appclonia
for the contract with the Waterways Experiment Station and arz not
presented herein. However, for completeness it is noted that the

permeat ing fluid was a mixture of 50% 3asin F fluid and 50% distilled
water, and the makeup of the samples tected are presented in Table 1.
Ident ification numbers for the samples have remained unchanged throughout

the entire test program.
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2.0 PRESENTATION OF RESULTS

Contained herein are several tables and appendices which contain informa-

tion pertinent to the test program. These are:

o Table 1 -~ a brief description of the samples
tested.

e Table 2 - initial and final dimensions and
weights of the test specimens.

® Table 3 -~ specific permeability calculations to
illustrate the maximum dif ference in permeabilities
computed using initial and final specimen dimensions.

e Table 4 - a summary of the averaged permeability
values calculated for each sample during required
report ing periods. It is noted that the values
reported for the period ending June 30, 1980

are the aversge four the December 26, 1979 through
Jure 30, 1980 period, and are not the average for
the entire test period,

Table 5 - a summary of the changes in permeability
in comparison to initial valunes and duplicate
samples.

e Appendix A - results of the permeability testing
on a weekly basis for the entire test period.

® Appendix B - photographs of the samples after

removal from the test equipment. Samples

1, 13, 14 and 15 were split longitudinally
prior to photographing. Ssawples 2, 3, 4 and 16
ware returned intact to the U. S. Army at their
direction.
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3.0 DISCUSSION OF RESULTS

In reviewing the test data several points should be considered:

® The reported permeability values have not been
corrected for the changes in cross-sectional
area and length which occurred during the test
period. Table 3 demonstrates the effect of the
maximum change in area and length upon resultiug
permeability values. Results for the maximum
changes are small and within the accuracy of the
test method. Therefore, these corrections
have not been made. Also, it is noted that the
actual change in length and diameter as a function
of time is unknown so that if corrections were
made the change as a function of time would have
to be assumed, such as linearly varying during
the test period. Should corrections be desired,
the required information in Table 2 can be
used.

e All permeablities have been corrected to 20° C
which is the standard temperature for reporting
permeability values.

e Throughout the test period gas was generated
within the test apparacus. To minimize the effect
of tlie gas upon the test results, a release valve
was provided in the system and the gas was vented
at least once a week. This problem was discussged
several times during testing with personnel
of the Waterways Experiment Station and Aberdeean
Proving Ground. The source of the gas is unknowm,
but it is feit that it was generated within the
Basin F fluid, possibly due to contact with
aluminum, brass or the polyetnylene tubing in the
test equipment. It is our understanding that the
Waterways Experiment Stat.on has had similar
problems with gas generation.

e A new supply of Basin F fluid was provided to
D'Appolonig in July, 1979 as an attempt to minimize
gas generation. However, there was no noticeable
reduction in gas generation.
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e The effect of gas upon permeability was not
evaluated as part of this work.

® Referring to Table 4, the measured permeability
values have remained relatively unchanged throughout
the test period. The most significant change is
for Sample 1, which was a mixture of cement-bentonite,
This sample has decreased permeability by an order
of magnitude. All other samples, which are soil-
bentonite mixes, have decreased in permeability
by factors of four or less. This indicates that
the Basin F fluid has not adversely affectea the
performance of the various mixes. The decrease in
permeability is probably due to clogging of the
samples by solids in the Basin F fluid.

e Table 5 presents a qualitative overvizw of the
test results, The gross decrease in permeability
is given along with the comparison of final
permeability values in duplicate samples, The
table shows that, with the exception of Sample 1,
there was not a significant decrease in permea-
bility for any of the samples. However, Sample 1
is a mix of cement-bentorite and as such may be
more susceptible to clogging from solids suspended
in the Basin F fluid because of its fine grained
nature. Reviewing the results leads to several
results:

~ permeabilities were not adversely affected
during the test by Basin F fluid.

~ the test results are consistent because
the duplicate samples resulted in the same
final values except for onec pair of sam—
ples which differed by a factor of two.
However, in terms o permeability, a factor
of two 18 not significant,

- referring to the final column in Table 5
which shows a ratio of sample permeability
to the most impermeable sample, the great-
est variation is a factor of three. This
i8 not significant in terws of permeability
and indicates that rhe use of cement rather
than soil or changing the percentage of
~200 material does not greatly aifect per-
formance.
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TABLE 1
DESCRIPTION OF TEST SAMPLES

Sample No. Description
1 Cruenc—~bentonite
2 Soil A + Beuntonite + 10% Soil B
3 Soil A + Bentonite + 25% Snil B
4 Soil A + Bentonite + 40% Soil B
13 Dunlicace of Samples 2 and 8
14 Duplicatz of Samples 3 and 9
15 Duplicate of Samples 4 and 10

' 16 Iuplicacte of Samples 5 and 11
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TABLE 2

INITIAL AND FINAL SPECIMEN MEASUREMENTS AND WEIGHTS

Initial Avg. Final Avg. Initial Avg. Final Avg. Final Wet

Diameter Diameter Langth Length Weight

Sample No. (cm) (cm) (cm) (cwm) __(gms)
i 7.29 ¢.80 13.08 11.58 531.5
2 7.29 6.94 14,38 13.21 933.7
3 7.29 6.94 11.81 11.02 877.3
4 7.29 6.92 11.76 11.30 872.9
13 7.29 6.48 13.84 12.12 824.0
14 7.29 6.72 12.70 11.00 816.8
15 7.29 6.27 11.43 10.31 680.1
16 7.29 6.72 14,22 10.26 754,2
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TABLE 3
PEPMEABILITY CALCULATIONS

K,o = (0.93) Q'/r(h-x)A

KZO = permeability at temperzture = 20°C, cm/sec
0.93 = correction factor for testing at 23°C

Q = total flow, cm3

L = length of flew path, cm

x = head adjustment for fluid in Burette, cm

A = cross-sectional area of flow, cm2

T = time, sec

h » head, cm

Maximum deviation from initial to final cross-sectional area

Sample 15— A, = 41.74 cm’, A, = 30.91 cm?
1 £

Using A, . ’ ’Li
- (12.5)(11.43) - -8 cm
Koo = 0-93 177363200 (220-7.2) (41.74) 1.2 X 1070 “Vaec
L
INSIG;Y}ICANT
I TR 8
12.5)(10.31 8 cm
K20 = 023 | (1303200) (220-7.2)(30.91) J 1.4 X 107 sec
Maximum deviation from initial to final length
Sample lG-—ibLi = 14,22 cm, Lf = 10.26 cm
Using Li
- (28.1)(14.22) -8 cm
Ko = 0-93 {(1303200)(220—16.0)(41.74) =3.3X10 sec
L ]
Using L 1 INSTGNIFICANT
K. = 0.93 (28.1) (10.26) ) /8 cm
20 [(1303200)(220—16.0)(35.47) 2.8 X107 “Uec
Ag
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TABLE 5
QUALITATIVE SUMMARY OF TEST RESULTS

Difference in
Pearmeability of

Approximate

Decrease in Ratio of Final Average

Permecbil ity Duplicate Duplicate Samplen Permeabiligx
Sample No. During Test Sample _&t end of Test to Sample 3
1 order of magnitude NA NA k]
2 factor of four 13 same 3
3 factor of two 14 factor of two NA
4 less than factor 15 same 1.5
of two
13 less than factor 2 same 3
of two
14 less than factor 3 factor of two 2
of three
15 less than factor 4 same 1
of three
16 factor of two z2* 1 ame 2.5
*’\

Sample 16 was the same soil-bentonite mix as sample 2 but the sample preparation
was different. Sample 2 was mixed with distilled water. Samplz 16 was mixed with
a 1:15 dilution of the Basin F fluid with distilled water.

**Sample 3 had the lowest permeability.
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APPENDIX A

RESULTS OF PERMEABILITY TESTING
SAMPLES 1 THROUGH 4, 13 THROUGH 16
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1. Permeating fluid was 50X Basin F fluid and 502 distilleu water.

2. Permearing fluid was distilled water. (Applied only to sample
12 of the initrial testing program,)

3. Permeadbility values corrected for change in sample cross-sectional
area and length due to consolidation of sample during test period.

4. Permeability values not corrected for change in cross-sectional
arna aud length because test is continuing through report period.

5. Duplicate sample as indicated,.
6. Permeability values not corrected at end of test period for change

in cross-sactional area and length due to small effect on final
results (sce Table 3),

*The numbering and use of notes has been used throughout the test program.
Therefore, some of the notes above are no longer applicable. Also, some
of the notes were pertinent only to previous reporting periods.
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Sample No. 1

Appiicable Notes 1,4,6

Time Permeability
(Days) (cm/sec)
0-7 4.8 x 1078
7-14 9.7 x 1078
14-21 1.3 x 1078
21-28 2.0 x 1078
28-35 2.0 x 1077
35-42 2.4 x 1077
42-49 1.5 x 107/
49-56 2.0 x 1077
56~63 6.3 x 1078
63-69 2.4 x 1077
69-76 2.6 x 107/
76-83 1.8 X 107/
83-92 1.4 x 107/
92-97 2.3 x 1077
97-100 1.7 x 1077
Average 1.5 X 10-7

Remarks - Permeant a light yellow color in burette,

Data from contract DACW39-78-M-3705
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Sample No. 1

Applicable Notes 1,4,6

Time Permeability
(Days) (cm/sec)
100-106 No flow*
106-114 2.3 x 107
114-119 2.0 x 1077
119-125 1.7 x 1077
125-133 2.2 x 1077
133-140 2.6 x 1077
140-148 2.0 x 1077
148-157 1.9 x 1077
157-163 1.7 x 1077
163-170 1.3 x 1077
170-178 2.0 x 1077
178-189 1.5 x 1077
189-199 1.3 x 107/
199-209 7.5 x 1078**
209-220 Clogged
220-224 2.5 x 107"
224-230 2.0 x 107"
230-237 7.5 x 107"
Average 1.9 X 10_7

*
No flow due to breakdown of Samples 5 through 12

#ok
Suspect data points, not included in average

Data from November 16, 1978 through Apri) 2, 1979
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Sample No.
Applicable Notes

Time
(Days)

237-246
246-258
258-274
274-294
294-309
309-315
315-321

321-325

Average

1

1,4,6

Permability
(cm/sec)

5.9 X 1072

£.5 x 1077

No Flow*

1.7 x 1078

7.7 x 1072

9.9 X 10~7

8.4 X 1077

9.7 x 107

2.1 x 1078

*No flow due to change of pressure lines to reduce air bubbles

Data from April 2, 1979 through June 29, 1979
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Time
(Days)

325-335
335-343
343-349
349-356
356-~359
359-~370

370-392

400-426
426-441
4414649
449-456
456-475
475-483
485-493
493-505

Average

I 392400

Samrple No.

Applicable Notes

Permeability
(cm/sec)

1.1 x 1078

2.1 x 1078

2.7 x 1078

1.4 X 10"8

1.0 % 16”7

1.2 x 1077

1.8 x 1078

9.3 X 10~

3.8 X 10~7

1.1 x 108

1.5 % 10~°

1.3 X 1077

3.4 X 1078

1.0 x 10”7

5.2 x 1078

3.6 x 1078
3.6 x 1078

Data from June 29, 1979 through December 26, 1979
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Sample No. 1
Applicable Notes 1,4,6

Time Permeability
(Days) (cm/sec)

505-524 *
524-539 1.9 x 10-8
539-548 1.4 x 10°8
548-560 6.9 X 1078
560-573 4.3 X 1078
573~584 2.0 x 1078
584-597 No Flow

597-610 5.6 X 10°9

610-619 8.6 X 109

636-647 8.3 x 1079
647651 5.3 x 1079
651-661 4,0 x 1079
661-664 3.6 x 1078
664-678 5.1 X 1079
678-685 1.9 x 1078

685-692 1.5 X 1078

Average 1.9 x 10-8

Remarks - Bottom 3/4" of sample was discolored
possible clogging of poruus stone
specimen very stiff
strong odor
effluent is greanish brown

*No measured flow due to compressor problems during laboratory move to
new facility.

Data from December 26, 1979 through June 30, 1980.

I 619-636 5.8 X 1079
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Sampie No. 2

Applicable Notes _1,4,5,6

Time Permeability
(Days) (cm/sec)
-7
0-7 1.3 ¥ 10
-8
7-14 7.2 X 10
14-21 5.1 X 1078
21-28 4.1 X 1078
-
28-35 4.3 X 107°
35-42 1.0 x 10~/
42-49 7.8 x 10°8
49-56 7.4 X 1078
56-63 4.1 X 1078
63-69 9.2 X 1078
69-76 1.4 X 1077
76-83 9.1 x 1078
83-92 8.2 X 1073
92-100 8.3 X 108
Average 8.0 X 10-8

Remarks - Duplicate to Samples 8 and 13. Permeant a dark
amber color in burette.

Data from Contract DACW39-78-M-3705
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Sample No. 2

Applicable Notes _ 1,4,5,6

Time
(Days)

100-106
106-114
114-120
120-126
126-132
132-140
140-148
148-153
153-160
160-170
170-178
178-183
183-189
189-199
199-209
209-220
220-224
224-230

230-237

Average

Remarks - Duplicate to Samples 8 and 13

Permeability
(¢m/sec)

No flow*

1.4

1.8
1.7
2.2
2.0

2.3

1.3
1.0
1.2
1.2
1.1
6.6
9.8

Alr

X

X

1077

10”7

1077

107/

1077

~8¥k
10 8

~8%%
10 8

Bubblias

1X

~8kk
10 8

6 X

1077

*
No flow due to breakdown of Sam “~a 5 through 12

*k
Suspect data points, nqt included ip average

Data from November 16, 1978 tbrough April 2, 1979
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Sample No. 2
Applicable Notes 1,4,5,6

Time Permability
(Days) (cm/ser)
237-246 5.5 X 1670
246-258 Leak
258-274 No Flow*
274-294 3.6 X 1078
294-296 6.4 X 107
296-309 6.3 X 107
309--315 7.6 X 1078
315-321 6.5 X 1070
321-325 9.1 x 1078
Average 6.4 X 1078

Remarks - Duplicate to Samples 8 and 13
*No flow due to change of pressure lines to reduce air bubbles

Data from April 2, 1979 through June 29, 1979
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Sample No. 2

Applicable Notes 1,4,5,6

Time Permeabilicy
(Days) (cm/sec)

325-335 5.7 X 1078

335-343 7.1 x 1078

343-349 7.3 x 1078

349-356 5.5 X 1078

356-359 8.2 x 1078

359-370 7.2 x 10°8

370-381 7.1 x 108

-8
392-400 3.1 x 1078

400~426 2.4 X 1078

426-441 4.2 X 1078

441-449 2.8 X 1078

649-468 5.3 x 1078

468-483 5.4 X 10"8

483-493 No Flow*

493~505 4.0 X 1078

Average 5.4 X 10"8

Remarks - Duplicate to Sampler 8 and 13

*No flow due to change of pressure lines to reduce air bubbles

Data from June 29, 1979 through December 26, 1979

l 381~-392 5.1 X10
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A1l
Sample No. 2
Applicable Notes 1,4,5,6
Time Permeability
(Days) (cm/sec)
505-524 *
524-529 1.5 x 1078
529-538 2.7 x 1078
538~-539 Changed Burette

535-548 1.4 X 1078
548-560 4.3 X 1078
560-573 4.7 x 1078
573-584 4.3 X 1078
584~597 5.9 X 1079

597-610 1.0 X 1078

619-636 7.5 X 1079
636-647 8.9 x 1079
647-651 1.2 x 1078
651-661 1.3 x 1078
661-664 3.9 x 1078
664-678 6.2 X 1079
678-685 1.4 x 1078

685-692 2.1 X 10°8

Average 2.0 X 1078

Remarks -~ Duplicate to Samples 8 and 13
bottom portion of sample slightly discolored
possible clogging of porous stone
strong odor
sample not split for closer observation
effluent is greenish brown

*No measured flow due to compressor problems during laboratory move to
new facility.

' 610-619 7.9 X 1079

Data from December 26, 1979 through June 30, 1980. ] })‘i(‘\ll»‘j‘l}){(DIIJ« DN L\




Sample No. 3

Applicable Notes 1,4,5,6

Time Permeability
(Days) (cm/sec)
0-7 3.9 x 1078
7-14 2.4 x 1078
14-21 1.2 x 1078
2:-28 5.1 X 1077
28-35 1.6 x 1078
35-42 2.8 X 1078
42-49 2.1 x 1078
49-56 2.0 x 1078
56-63 7.4 X 1070
63-69 2.1 x 1078
69-76 4.0 x 1078
76-83 2.4 X 1078
83-92 2.2 x 1078
92-100 2.4 x 1078
Average 2.2 x 1078

Remarks - Duplicate to Samples 9 and 14. Permeant a light
yellow color in burette.

" "Data from Contract DACW39-78-M-3705
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Time
(Days)

100-106
106~114
114-125
125-136
136-141
141-157
157-163
163-170
170-178
178-189
189-199
199-209
209-220
220-224

224-230

230-237

Average

Sample No.
Applicable Notes

3

A-13

1,4,5,6

1.4 X 10

Permeability
(cm/sec)

No flow*

3.6 X 1072

3.8 X 1078

4.6 X 1070

Clogged

4.0 X 1078

3.5 X 1078

3.1 x 1078

3.9 x 1078

3.1 x 10°¢

2.7 X 1078

2.1 x 1078

8.2 ¥ 107°
Air Bubbles

1.1 X 1078

-8

2.9 x 1078

*
No flow due to breakdown of Samples 5 through 12

Data from November 16, 1978 through April 2, 1979
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A-14

Sample No. 3

Applicable Notes 1,4,5,6

Time Permability
(Days) (cm/sec)
237-24$ 7.9 X 10~2
246-258 7.5 x 107°
258-274 No Flowh
274-294 1.0 x 1078
294-309 8.9 x 107°
309-315 1.5 x 1078
315-3z1 4.8 X 107°
321-325 1.9 x 1078
Average 1.0 X 10-8

Pemarks - Duplicate to Samples 9 and 14

*No flow due to change of pressure lines to reduce air bubbles

Data from April 2, 1979 through June 29, 1979
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Samnle No. 3

Applicable Notes 1,4,5,6

Time
(Days)

325-335
335-343
343-349
349-356
356-370
370-392
392-400
400-426
423-441
441-449

449-483

483-493

Average

Remarks - Duplicate to Samples 9 and 14

Permeability

(cm/sec)

1.8 X
7.2 X
1,0 X
7.0X
6.3 X
9.3 X
4.5 X
6.1 X
5.5 X
5.3 X

9.7 X

9.3 X

6.8 X

Data from June 29, 1979 chrough December 26, 1279
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10
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-9
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-9

-9

-3

-9

-9

-9

-9
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Sample No. 3

Applicable Notes 1,4,5.6

Time Permeability
(Days) (cm/sec)
493-505 *
505~524 2.1 X 1079
524-539 7.8 x 1079
539-548 8.3 X 1079
548-560 5.6 X 1079
560-573 8.9 x 1079
573-584 1.8 x 1079
584~597 3.5 X 1079
597-610 5.5 X 1079
610~619 2.4 X 1079
619-636 7.4 % 1079
636-647 8.7 X 1079
647-651 6.8 X 1079
651-661 3.9 x 1079
661-664 2.6 X 1078
664-678 7.5 x 1079
678-685 8.6 x 10710
685-692 8.1 x 1079
Average 6.8 X 1079

Remarks - Duplicate to Samples 9 and 14
top portion of sample discolored, including porous stone
bottom end of sample slightly discolored
strong odor
sample not sgplit for closer observation
effluent is greenish brown

*No measured flow due to compressor problems during laboratory
move to new facility.

Data from December 26, 1979 through June 30, 1980.
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A-17

Sample No. 4

Applicable Notes 1,4,5,6

Time Permeability
(Days) (cm/sec)
0-7 2.4 x 1078
7-14 1.4 x 1078
14-21 1.5 x 1078
21-28 3.0 x 1077
28-35 7.2%X 1077
35-42 7.3%x 107°
42~49 3.6 X 1672
49-56 1.3 x 1078
55-63 7.2 X 16~
63-69 1.7 x 1078
69-76 2.2 x 1078
76-83 1.6 x 1078
83-92 1.3x 1078
92-100 1.5 x 1078
Average ;:i;;:;;;ﬁ?

Remarks - Duplicate to Samples 10 and 15. As test period pro-
gressed, permeant fluid changed color from light yellow
to black. Upon collection in burctte, a clear fluid
tends to appear in the top of the celum as solids

settle.

Data from Contract DACW39-78-M-3705
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Sample N». 4

A-18

e

Applicable Notes _1,4,5,6

Time
(Days)

100-106
106-114
114-125
125-136
135-141
141-157
157-170
170-178
173183
183-189
189-199
199-209
209-220
220-224
224230

230-237

Average

Remsrks — Duplicete to Samples 10 and 15

Permeability
(cm/sec)

No flow*

2.0 x 1078

2.2 x 10”8

2.4 x 103
Clogged

1.6 x 108

1.6 x 1078

2.3 x 1078

1.9 x 1078

1.7 x 1078

1.7 x 10”8

1.1 X 1078

9.4 X 10~°

Air Bubbles

1.2 x 1078

1.7 x 1078

1.8 X 1078

Data from November 16, 1978 through April 2, 1979
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Sample No. _ 1

Applicable HNotes 1,4,5,6

A-19

Time Permability
(Days) (cm/sec)
237-246 1.3 x 1078
246-258 7.3 X 1072
258-274 No Flow*
274-294 9.1 x 107°
294309 1.1 x 1078
309-315 1.5 x 1078
215-321 9.0 X 1070
321-325 2.4 X 107
Average 1.3 x 1078

Remarks - Duplicate to Samples 10 and 15

*No flow due to change of pressure lines to reduce air bubbles

Data from April 2, 1979 through June 29, 1979
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A-20

Sample No. 4

v
o

Applicable Notes __ 1,4,

Time Permeability
(Days) (cm/sec)
325-335 ‘ 8.6 X 107"
335~343 1.0 x 1078
343-349 8.6 X 107
349-356 1.0 X 1078
356-370 8.0 X 1077
170-392 9.9 x 1077
392400 9.5 x 107°
400-426 6.2 X 1077
426-441 8.3 X 1077
441-449 1.4 X 107°
469-483 8.5 X 10°°
483-493 5.9 X 107°
493-505 9.5 % 1077
Average 8.3 X 10“9

Remarks -~ Duplicate to Samples 10 and 15

Data frcm June 29, 1979 through December 26, 1979
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A-21
i
Sample No. 4 _
I Applicable Notes 1,4,5,6
Time Permeability
. (Days) (cm/sec)
505-524 *
l 524~539 9.1 x 1079
539-545 1.7 X 1078
l 548-560 1.1 x 1078
. 560-573 1.2 X 1078
573-584 i.1 x 1078
l 584~597 4.6 X 1079
597-610 6.3 X 1072
l 610-619 No Flow
. 619-636 4.3 X 1079
636~647 5.7 X 1079
I 047-€51 6.8 X 1079
651-4561 6.8 X 1079
' 661-664 2,9 x 1078
' 664~678 3.2 X 1079
678-685 6.0 X 1079
685-692 6.1 X 1079
Average 9.3 x 1079

Remarks - Duplicate to Samples 10 and 15
top half of sample discolored in spots, including stone
bottom end of sample slightly discolored
strong odor
sample not split for closer observation

. effluent is greenish brown

*No measured flow due to compressor problems during laboratory
move to new facility.

Data from December 26, 1979 through June 30, 1980,
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A~22

Sample No. 13

Applicable Notes _1,4.,5.6

Time Permeability
(Days) (cm/sec)
0-4 1.7 X 1078
4-10 2.3 x 1078
10-17 5.3 X 1072
N -8
Average 3.1 X 10

Remarks -~ Duplicate to Samples 2 and 8

Data from March 16, 1979 through April 2, 1979.
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A-23

Sample No. 13
Applicable Notes 1,4,5,6

Time Permability
(Days) (cm/sec)
17-26 5.4 X 1078
26-38 3.2 x 1078
38-54 No Flow*
54-56 4.4 x 1078
66-74 4.3 x 1078
74-89 4.5 X 1078
89-95 5.0 X 1073
5.4 X 1678
101-105 6.9 X 1078
4.9 x 1078

Average

Remarks - Duplicate to Samples 2 and 8
*No tflow due to change of pressure lines to reduce air bubbles

Data from April 2, 1979 through June 29, 1979

l 95-101
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A-24

Sample No. 13

Applicable Notes 1,4,5,6

Time Permeability
(Days) (cm/sec)

105-115 9.9 X 10~

115-122 No Flow*
122-123 No Flow*

123-129 s.3x10°8

129-136 5.1 X 1078

136-150 5.2 X 1078

150-153 5.4 X 1078
l 153-172 4.2 X 1078
l 172-180 3.5 X 1078

180-206 1.5 x 1078

206-221 2.8 x 1078

221-229 2.4 X 1078

229-255 3.4 X 1078

255-263 3.4 x 1078

263273 3.2 x 1078

273-285 3.7 X 1078

Average 3.6 X 10"'8

Remarks - Duplicate to Samples 2 and 8

*No flow due to change of pressure lines to reduce air Lublles
Data from June 29, 1979 through December 26, 1979.
ADINIPPIPUDILLADIN I\
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A-25

Sample No. 13
Applicable Notes 1,4,5,6

Time Permeability
(Days) (cm/sec)

285-304 *
304-319 2.6 X 1078
319-328 3.6 X 1078

328-340 3.1 X 1078

340-353 3.6 X 1078
353-364 3.2 x 1078
364-377 8.4 X 1079
377-390 2.8 X 1078
390-399 6.1 X 1079

399-416 No Flow

427-431 1.7 X 1078
431-44) 4.8 X 1079
44 1-444 2.8 x 1078
444-458 4.2 X 1079
458-465 1.1 X 1078

465-472 1.1 x 1078

. ——— o ot

Average 1.9 x 1078

Remarks ~ Duplicate to Samples 2 and 8
no discoloration of sample
filter paper is black
strong odor
effluent is greenish brown

*No measured flow due to compressor problems during laboratory
move to new facility.

Data from December 26, 1979 through June 30, 1980,

' 416-427 7.5 X 1079

ADINIPIPODI DN
B e s



‘ A-26
I Sample No. 14
Applicable Notes 14,5,6

Time Permeability
. (Days) (cm/sec)

0-4 1.8 x 1078
I 4-10 2.9 X 107°

10-17 3.6 X 1078
Average 2.8 X 1078
Remarks - Duplicate to Samples 3 and 9

Data from March 16, 1979 through April 2, 1979.
l ADINPPDILADN LN
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A-27

tample No. _ 14

Applicable Notes 1,4,5,6

Permability
(cm/sec)

Time
(Days)

17-26 2.6 X 1078

26-38 3.2 X 1072

l 38-54 No Flow
S4-74 9.1 X 1072

74-89 2.2 x 1078

89-95 2.1 x 1078

95-101 8.6 X 1077

101-105 4.3 X 1078

Average 1.9 X 10_8

*No flow due to change of pressure lines to reduce air bubbles
Data from April 2, 1979 through June 29, 1979.

. Remarks - Duplicate to Samples 3 and 9
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A-28

I Sample No. 14
Applicable Notes 1,4,5,6
B
l Time Permeability
(Days) (cm/ sec)
105-115 2.5 x 1078
. 115-122 No Flowk
I 122-123 9.0 x 1078
123-129 4.2 x 1078
l 129-136 2.7 x 1078
136-139 3.3 X 1078
' 139-150 2.1 X 1077
l 150-172 1.3 x 1078
172-18¢C 2.2 x 1078
I 180-206 9.2 x 1077
206-221 1.8 x 1078
l 221-229 4.6 x 10710
l 229-263 2.4 X 1077
263-273 3.8 X 1077
273-285 1.5 x 1078
Average 2.2 X 10—8

Remarks - Duplicate to Samples 3 and 9

*No flow due to change of pressure lines to reduce air bubbles

Data from June 29, 1979 through December 26, 1979.
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A-29

Sample No. 14
Applicable Notes 1,4,5,6
Time Permeability
(Days) (cm/sec)
285-304 *
304-31Y 2.5 x 1078
319-328 2.7 X 1078
328-340 8.7 X 1079
340-353 3,5 x 1079
353-364 No Flow
364-377 1.7 X 1079
377-390 4.8 x 10~10
390-399 1.6 X 1079
399-416 2.1 X 1078
416-427 4.8 X 1079
427-431 1.8 x 1078
431-441 4,7 X 1079
441-444 3.8 x 1078
444-458 4.4 X 1079
458-465 9.7 % 1079
465~472 8.0 x 1079
Average 1.2 X 1078

Remarks - Duplicate to Samples 3 and 9
spotted discoloration throughout sample
top filter paper is black
strong odor
effluent is greenish brown

*No measured flow due to compressor problems during laboratory
move to new facility,

Data from December 26, 1979 through June 30, 1980.
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Sample No. 15

A-30

Applicable Notes 1,4,5,6

Time
(Days)

0-4
4-10

10-17

Average

Remarks - Duplicates to Samples 4 and 10

Permeability
(cm/sec)

1.6 x 108

2.1 x 1078

2.1 % 1078

1.9 x 10”8

Data from March 16, 1979 through April 2, 1979.

ADINAPAPA DA DN\

——




Time
(Days)

17-26
26-38
38-54
54-74
74-89
89-95

95-101

Average

101-105

A-31

Sample No. 15

Applicable Notes _ 1,4,5,6

Permability
(cm/sec)

1.4 x 1078

logged
No Flow*

8.2 X 1072

2.0 X 10‘8
2.2 X 10
2.9 X 10

3.1 X 10~
2.1 X10

Remarks - Duplicate to Samples 4 and 10

*No flow due to change of pressure lines to reduce air bubbles

Data from April 2, 1979 through June 29, 1979.
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A-32

Sample No. 15

Applicable Notes 1,4,5,6

Time Permeability
{Days) (cm/sec)
103-115 2.0 x 1078
115-122 No Flowk
122-123 2.0 x 107
123-129 1.1 x 1078
129-136 1.6 X 1070
136-150 5.2 x 1077
150-168 1.7 x 1078
168-172 No Flow*
172-180 1.9 x 1078
180-206 No Flow*
206-221 5.9 x 1077
221-229 6.9 X 107°
229-263 1.2 X 1077
263-273 6.8 X 107°
273285 1.6 X 1075
Average 2.6 X 10.8

Remarks - Cuplicate to Samples 4 and 10

*No flow due to change of pressure lines to reduce air bubbles

Data from June 29, 1979 througn December 26, 1979.
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A-33

Sample No. 15
Applicable Notes 1,4,5,6
Time Permeability
(Days) (cm/sec)
285-304 *
304-319 1.2 x 1078
319-328 1.5 x 1078
328-340 1.4 X 1078
340-353 No Flow
353-364 1.2 x 1079
364-377 No Flow
377-390 2.6 X 1079
390-399 4.5 X 1079
399-416 3.7 x 1079
416-427 6.9 X 1079
427-431 2.1 ¥ 1079
431-441 4.7 X 1079
L4 1~ 2.1 x 1078
4ht-458 4.3 X 1079
458-465 5.6 X 109
465-472 3.1 x 1079
Averag: 7.2 X 1079

Remarks - Duplicate to Samples 4 and 10
spotted discoluration near top portion of sample
top filter paper and stone is black
strong odor
effluent is greenish brown

*No measured flow due tc compressor probleuws during laboratory
move to new facility.

Data from December 26, 1979 through June 30, 1980,
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A-34

Sample No. 16

Applicable Notes 1,4,5,6

Time Permeability
(Days) (cm/sec)

0-4 2.1 x 1078

X 10

l 4-10 3
10-17 4.6 X 1078

)
»

Average 5.3 X 107

Remarks - Duplicate to Samples 5 and 11

Data from Marck 16, 1979 through April 2, 1979.
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. A=35
Sample No. 16
' Applicable Notes 1,4,5,6
Time Permabiiity
l (Days) (cm/sec)
17-26 5.1 x 1078
i 26-38 Leak
l 38-54 No Flow*
54-65 1.8 x 1078
' 65-89 1.7 x 1078
89-95 5.3 x 1078
l 95-101 3.0 X 1078
' 101-105 7.1 x 1078
Average 4,0 X 10_8
I Remarks - Duplicate to Samples 5 and 11
*No flow due to change of pressure lines to reduce air bubbles
' Data from April 2, 1979 through June 30, 1879.
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A-36

Sample No. 16

Applicable Notec 1,4,5,6

Time Permeability
(Days) (cm/sec)
105-115 8.1 x 1077
115-122 No Flow*
122-123 8.8 X 1078
123-129 2.8 X 1077
129-136 2.4 x 107°
136-150 1.6 x 1078
150-161 5.7 x 1078
161-172 3.0 X 1078
172-180 3.4 X 1078
180-206 1.6 X 1077
206-221 1.5 x 1078
221-229 4.8 X 1070
229-263 3.2 x 1070
263-273 1.3 x 1078
273-285 3.8 X 1078
Average 2.3 X 10-8

Remarks ~ Duplicate to Samples 5 and 11

*No flow due to change of pressure lines to reduce air bubbles

Data from June 29, 1979 through December 26, 1979,
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A-37

Sample No. 16

Applicable Notes 1,4,5,6

Time Permeubility
(Days) (em/sec)
285-304 *
304-319 3.3 % 1078
319-328 3.5 X 1078
328-340 9.1 X 109
340-353 7.9 X 1079
353-364 2.9 X 1079
364-377 No Flow
377-390 No Flow
390-399 1.0 X 1078
399-416 1.3 x 1078
416-427 1.4 x 1078
427-431 1.4 X 1078
431-u41 1.0 X 1078
4h1-444 5.0 X 1078
444-458 4.1 X 1079
458-465 1.5 X 1078
465-472 1.4 X 1078

Remarks - Duplicate to Samples 5 and 11
top filter paper is black
bottom end of sample is dark brown
strong odor
effluent is greenich brown

*Mo flow due to compressor problems during latoratory
move to new facility.

Data from December 26, 1979 through June 30, 1980.

ADINIPIPA DU A DN\




APPENDIX B

PHOTOGRAPHS
SAMPLES 1 THROUGH 4
AND 13 THROUGH 16
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BOTTOM O SAMPLE
' PRY)QEC*‘&J02781545v;

e

NOTE: Air bubbles in test sample are due to origial
mixing of sample.

)
1

TOBETIOM O LAk

JUPRUJECT NG 84y

NOTE: Sample noct split. Sent to Waterways Experi-
ment Statior for farther testing.

TETNTYON Y TN Y o WNYT ™I




[ = 4 = 2

p—

B-2

NOTE: Sample not split. Sent to Waterways Experi-
ment Station for further testing.

: lhﬁ;‘fcigi"'
SAMPUE NO. 4 ¢
. R Jﬁ,mz.

-
o

NOTE: Samp'e not split. Sent to Waterways Experi-
ment Station for further testing.
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PRCJJECT N” 78 24f
","'- S/‘\N\PLE L3 |

Bc,, . uM Of SAMPLE

PROJECT NO 782 245
| . | SAMPLE NQ |4
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B-4

— 4

., "BOTTOM - OF SAMPLE,
© ."PROJEGT ‘NO. 78-245
~ SAMPLE NC. I5

Tl

, NOTE: Sampie not split. Sent to Waterways Experi-
‘ } ment Station for further testing.
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