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Scope of Work 

Daniel B. Stephens & Associates, Inc. (DBS) was requested by Los Ala~os National Laboratory of Los Alamos, New Mexico, to perform laboratory analyses for properties of soil, as outlined in written communication of September 9, 1987. The scope of work included the following laboratory tests on 10 cores: 

1. Sample Preparation 

2. Saturated Hydraulic Conductivity 

3. Moisture Retention (main drainage curve), Hanging 
Column Method, 2 points 

4. Moisture Retention (main drainage curve), Pressure 
Plate Method, 4 points 

5. Initial Moisture Content, Bulk Density and 
Porosity 

6. Unsaturated Hydraulic Conductivity 

In execution of the foregoing request, DBS has performed the work as summarized below and in Table 1. 

The cores of welded tuff were cut by hand to fit soil 
retaining rings in which all tests were performed. Descr!ptio~s of the sample characteristics are presented in Table 3. Laboratory analyses to determine the hydraulic properties of the ten samples are summarized in Tables 4-7. The sample reference numbers were taken as those marked on the outside of each individual sample bag. 

Included in this data report are summary tables, graphs where presentation in this form was required, and raw laboratory data. The Principles and Methods section describes the basic principles of the analyses and methods of calculation. All calculation results are expressed in metric units according to Table 2. 

~ =:---.._......-:: DANIEL B. STEPHE~S & .~SSOCIATES. I~C. 



Table 1. SUirmary of Tests Performed 

IHvdl-aulic Coriroctivitv!Moisture Retention!Initial I I Dry 
Sa:nple I I I Hangir.g I Pressure I Moisture I I Bulk 
Nur..ber !Sat'..1..-ated! Unsaturated! Column I Plate !Content IPoroeity!De.--.sity 

7-8 X X X X X X X 

11-12 X X X X X X X 

16-17 X X X X X X X -
21-22 X X X X X X X 

25-26 X X X X X X X 

35-36 X X X X X X X 

42-43 X X X X X X X 

61-62 X X X X X X X 

75-76 X X X X X X X 

SQ-81 X X X X X X X 

• 
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Table 2. tJn.1 t Conventions 

Hydraulic Corlduct!vity: c:n/sec 

M:listure Content: - volume 

Bulk Density: g/cc 

Porosity: dimensionless ( cn3 1 c:m3) 

Note: Unless othen~ise stated, lengths are in units ot 
centimeters, and masses are in units of grams • 

·--· 
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Table 3. SUmmary of Sample Characteristics 

sample No. I Depth ( ft l I Color Texture catm!nts 

7-8 I Unla1cwn Reddish Brown Volcanic Ash Contained Oli VL"le Crystals 
I 

11-12 I Unlcncwn Reddish Brown Volcanic Ash Contained Olivine Czystals 
I 

16-17 I Unlax:Jwn Reddish Brown Volcanic Ash Con~ Olivine Ceystals 
I 

21-22 I Unknown Reddish Brc:M.n Volcanic Ash Contained Olivine Crfstals 
I 

25-26 I Unicnown Reddish Brown Volcanic Ash Containac! Olivine Crystals 
I 

35-36 I t1nlaxiNn Reddish Brown Volcanic Ash Canta.inl!d Olivine Crystals 
I 

42-43 I Unlalown Reddish Brown Volcanic Ash Contained Olivine ·Crystals 
I 

6l-62 I Unknown Reddish Brown Volcanic Ash Canta.inl!d Olivine Ceystals 
I 

75-76 I Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 
I and a small area. of clay 
I at one end 
I 

8Q-81 I tJnlc:nown Reddish Brown Volcanic Ash Contained Olivine Crystals 

• 
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SATURATED HYDRAULIC CONDUCTIVITY 

• 



Table 4. Summary ot Saturated Hydraulic Conductivity Tests 

Sample No. Ks (em/sec) 

7-8 1.58E-04 

ll-12 2.84E-04 

16-17 2.78E-04 ___. 
21-22 2.00!-04 

25-26 9 .18!-05 

35-36 2.25E-05 

42-43 8.57!-05 

61-62 5.15E-04 

75-76 2.28!-04 

80-Bl 4.41!-05 

.. 
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FAlliNG HEAO TEST OATA 

JOB ~E: Los Ala1cs 
JOB NU~SER: 87-L-070 

SAMPLE NUMBER: 7-6 
R !NG NUMBER: 14 

DEPTH: unknown 
TYPE OF YATER USEO: O.OlN CaCI2 SOLUf!ON 

SAMPLE X-SECTION AREA: 22.0&0 (sq. c•) 
STANDPIPE X-SECTION AREA: 0.765 (sq. c•l 

SAMPLE LENGTH: 3.0 (cal 

---------------------------------------------------------------------------------OATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1CJB7) (OAYl (SEC) ( Cl HEAO(CM) HEAO(CMl <Cl'!ISECl <CI115£Cl 

===============================================================·============= 
TEST I 1: 

11/5 0.00 19.0 0.0 70.5 
11/5 0.00 705 19.0 0.0 24.8 1.58£-04 1.&1E-o4 

TEST I 2: 
11/5 0.00 19.0 0.0 70.5 
11/5 0.00 590 19.0 0.0 30.4 1 .52E-04 1.55£-04 

AVERAGE K SAT: 1.58£-04 (CM/SECl 

CO~P1ENTS: 

LABORATORY ANALYSIS BY: S. Stc II tr 
CALCUlATIONS MAOE BY: S. Staller 

CHECKED BY: W. Cax 

~ 
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FALLING MEAO TEST OATA 

JOB NAME: Lcs Ala•as 
JOB NUMBER: 67-L-070 

SA~LE NUMBER: 11-12 
RING NU~BER: 22 

CE.=TH: unk ncwn 
TYPE OF YATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. til 
STANDPIPE X-SECTION AREA: 0.785 (sq. til 

~PlE lENGTH: 3.0 (t•l 

-------------------------------------------------------------------~----------.. 
DATE TIME OEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 

(1967) (DAY) !SECl ( Cl HEAO!CI'Il HEAOW1l (C/1/SECl !C/1/SECl 
:aa::z=======================••=•=============a::::::2::::::================= 
TEST I 1: 

11/10 839:33 15.0 0.0 74.o 
11/10 645:39 423 15.0 0.0 29.4 2.3SE-04 2.S9E-04 

TEST I 2: 
11/10 654:11 15.0 0.0 74.o 
11/10 900:20 Jo9 15.0 0.0 26.3 2.SOE-04 3.09E-04 

AVERAGE K SAT: 2.84£-04 (CH/SECl 

C011t1ENTS: 

LABORATORY ANALYSIS BY: S. Stcl itr 
CALCULATIONS I'IAOE BY : S. Stalltr 

CHECKED BY: U. Ccx 

~ 
---- DANIEL B. STEPHENS & ASSOCIATES. INC. ,..-.., ......-. 



.. 

FALLING H£AO TEST DATA 

JOB NAME• Lcs Ala•cs 
JOB NUMBER• 67·L·070 

SAMPLE NUMBER: 16-17 
RING NUMB£~: 2 

DEPTH: unknown 
TYPE OF ~ATER USED: 0.01N C•CI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
STANDPIPE X-SECTION AREA: 0.765 (sq. cal 

SAMPLE LENGTH1 3.0 (ca) 

-----------------------------------------------------------------~--------------DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(19671 (CAY) !SEC) ( C) HEAO(CMl HEADICMl !CM/SECl !CM/SECl 

====================••••s===~a================•===s•============•aa::a::::::a 

TEST I 1: 
11/S D.OO 19.0 0.0 69.8 
11/5 0.00 302 19.0 0.0 32.7 2.6SE-04 2.73£-04 

TEST I 2: 
11/S 0.00 19.0 0.0 69.8 
11/5 0.00 276 19.0 0.0 34.0 2. 7BE-04 2.83E-04 

AVERAGE K SAT1 2.7BE-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Steller 
CALCULATIONS KADE BY: S. Staller 

CHECKED BY: Ill. Ccx 
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FALliNG HEAO TEST OATA 

JOB NAME: Los Alaacs 
JOB NUMBER: 67-L-070 

SAMPLE NUMBER: 21-22 
R !NG NI.NER: F 

OE?TH: unknown 
TYPE OF YATER US~O: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. ~•) 
STANDPIPE X-SECTION AREA: 0.765 (sq. ~•) 

SAMPLE LENGTH: 3.0 (cal 

----------------------------------------------------------------~----------DATE TIME DEL T TEMP RESERVOIR S~PLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( Cl HEAOICM) HEAOICM) (CM/SECl (CM/SECl 

========================---=======================================-=========== 
TEST I 1: 

11/5 0.00 19.0 0.0 76.1 
11/5 a.co 304 19.0 0.0 36.7 1.98£-04 2.0ZE-04 

TEST I 2: 
11/5 0.00 19.0 0.0 76.1 
11/S 0.00 n7 19.0 0.0 30.7 1. f~S£-04 1. 99£-04 

AVEkAGE K SAT: 2.00E-04 (CM/SECl 

C01111ENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MACE BY: S. Stoller 

CHECKED BY: 1.1. Cox 

~ 
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FALLING HEAD TEST DATA 

JOB NAME: Los Ala•os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25·26 
RING NUMSER: C 

DEPTH: unknown 
TYPE OF YATER USED: 0.01N C•CI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. ~•l 
STANDPIPE X-SECTION AREA• 0.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (c•l 

--------------------------------------------------------------~--------DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (QAYl !SEC) ( CJ HEAO!CMJ HEAO!CMl ICM/SECl ICM/SECJ 

TEST I 1: 
11/5 0.00 19.0 0.0 76.5 
11/5 0.00 1116 1,.0 0.0 29.6 ,,OSE-05 ,,25£-05 

TEST I 2: 
11/5 0.00 19.0 0.0 i6.5 
11/5 0.00 736 19.0 o.o 41.3 8.94£·05 '.11E·05 

AVERAGE K SAT: 9.18E·05 ICM/SECl 

COMENTS: 

LABORATORY ANALYSIS BY: 5. Stallu 
CALCULATIONS I1AOE BY: S. Stolltr 

CHECKEil BY: 1.1. Cox 

~ 
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FALLiNG MEAD TEST DATA 

JOB NAME: Los Alaaos. 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
IHNG NUMBER I G 

DEPTH: unkno~tn 
TYPE OF WATER USED: 0.01N C•CI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
STANOP!FE X-SECTION AREA: 0.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEl. T TEMP RESERVOIR SAMPLE K SAT K SAT''; 20 C 
(1967) (OAYl (SEC) ( Cl HEAO(C1'1l HEAD!CMl (CI1/S£Cl !CI1/SECl 

=========================:z::::::::a:=============••=aa:::::az:a::::w:a:::::: 
TEST I 1: 

11/10 645:16 15.0 0.0 70.7 
11/10 941:03 3347 15.0 0.0 36.9 2.07E-05 2.m:-o5 

TEST a 2: 
11/10 942:22 15.0 0.0 70.7 
11/10 1110:48 5306 15.0 0.0 26.1 2 .OOE-Q5 2.21E-05 

AVERAGE K SAT: 2.25E-05 (Cl'!/SECI 

C01'111ENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: S. Staller 

CHECKED BY: W. Ccx 

~ -:::---:= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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FALLING ~tAO TEST DATA 

JOB NAME: Lcs Ala1cs 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unknc111n 
TYPE OF WATER USED: O.OlN CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c•l 
STANOPIPE X-SECTION AREA: 0.785 (sq. c•) 

SAMPLE LENGTH: 3.0 (c•l 

-----------------------------------------------------------------~--------DATE TIME OEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (QAYl (SEC) ( Cl HEA0(C11l HEAO(CI1l (CI1/SECl (CI1/SECl 

==========================•===========•==:aaa:a:z::asa:::::==~=a::::::::::sa: 

TEST I 1: 
11/10 841:17 15.0 0.0 76.5 
11/10 904:42 1405 15.0 0.0 21l.6 7.21£-05 7.96E-OS 

TEST I 2: 
11/10 905:46 15.0 0.0 76.5 
11/10 923:33 1067 15.0 0.0 33.3 8.32£-05 9.18£-05 

AVERAGE K SAT: B.57E-05 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: S.Stallrr 
CALCULATIONS MAOE BY: 5. Stallrr 

CHECKED BY: 1.1. Ccx 

~ -=-----:: DANIEL 8. STEPHENS & ASSOCIATES. I~C. 
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FALLlNG i-1EAO TEST OATA 

JOB NAMEr Los Alaacs 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknc~n 
TYPE OF UATER USEO: O.OlN CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. ca) 
STANDPIPE X-SECTION AREA: 0.785 (sq. tal 

SA~LE LENGTH: 3.0 (cal 

--...· 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (CAY) (SEC) ( C) HEAD(CM) HEAO(CMl (CM/SEC) (CM/SECl 

========================·=============================z======·===··====····== TEST I 1: 
11/10 840:53 15.0 0.0 79.8 
11/10 844:18 265 15.0 0.0 28.8 4 .UE-04 4.53£-04 

TEST I 2: 
11/10 855:30 15.0 0.0 79.8 
11/10 859:14 218 15.0 0.0 27.4 5.23£-04 5.78E-04 

AVERAGE K SAT: 5.15E-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY• 5. Stci ltr 
CALCULATIONS "AOE BY: S. Sta lltr 

CHECKED BY: W. Cax 

( 

~ 
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FALLING HEAD TEST OATA 

JOB NAME: Los Ala1os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknown 
TYPE OF ~ATER USEO: 0.01N CaCl2 SOLUT!ON 

SAMPLE X-SECTION AREA: 22.060 (sq. c1l 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (c•) 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K ~·; 20 C 
(1987) (DAY) (SEC) ( C) HEAO(CM) HEAO(CM) (CM/SECl (CM/SEC) 

==========================~==========·===·========···==·==========-===--====-a TEST I 1: 
11/lD 840:27 15.D 0.0 76.1 
11/10 849:03 576 15.0 0.0 26.8 1. 93E·04 2.13E-04 

TEST I 2: 
11/10 855:03 15.0 0.0 76.1 
11/10 903:29 506 15.0 0.0 26.8 2.20E·04 2.43£-04 

AVERAGE K SAT: 2.2BE-04 (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stot lrr 
CALCULATIONS MADE BY: 5. Sta II r~ 

. CHECKED BY:· W. Cox 

~ -::---= DANIEL B. STEPHENS & ASSOCIATES. I~C. 
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FAL~:NG HEAD TEST DATA 

JOB NAME: Las Alatcs 
JOB NUMB£R: 67-l-070 

SAMPLE ~MSER: 60-61 
R!NG NUI1BER: 18 

DEPTH: unknown 
TYPE OF ~ATER US:O: O.OlN CaCI2 SOLUTION 

SAMPLE X-SECTION A~EA: 22.060 (sq. c•l 
STANDPIPE X-SECTION AREA: 0.765 (sq. c•l 

SAMPLE LENGTH: 3.0 (ell 

-----------------------------------------------------------------~---------DATE TIME DEL T TEl'1P RESERVOIR SAMPLE K SAT K SAT i 20 C 
(1967) (QAYl (SEC) ( Cl HEAO!CMl HEAC(CMl (CM/SECl (CM/SECl 

==================·======·====================a=······==·=======-====·======= 
TEST I 1: 

11/10 640:02 15.0 0.0 74.9 
11110 nt:u 2469 15.0 O.D 27.4 4.3SE-OS 4.80E-OS 

TEST I 2: 
11/10 923:49 15.0 0.0 74.0 
11/10 1015:03 Ju74 15.0 0.0 25.9 3.6SE-05 4.02E-05 

AVERAGE K SAT: 4.41E-OS (CM/SECl 

COMNTS: 

LABORATORY ANALYSIS BY: S. Stlllltr 
CALCULATIONS MACE BY: S. Stoller 

CHECKED BY: W. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. ,...., ,_ 
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Table 5. Summary of Moisture Retention Characteristics 

Sample No. 

7-8 

11-12 

16-17 

21-22 

25-26 

Pressure Head 
(em of water) 

-0.0 
-100.0 
-195.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-98.0 

-198.0 
-1019.8 
-3059 ·. 4 
-5099.0 

-15297.0 

-o.o 
-101.0 
-199.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 . 

-0.0 
-97.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-o.o 
-98.5 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

Moisture Content 
(cm3/cm3) 

51.8 
49.4 
49.0 
15.0 
13.9 
12.5 

---. 8.3 

56.1 
53.3 
52.7 
37.6 
29.3 
26.1 
19.9 

54.9 
53.6 
52.9 
42.2 
29.2 
26.0 
20.4 

56.2 
56.1 
28.1 
22.8 
19.5 
12.4 

52.0 
51.4 
23.3 
21.3 
16.6 
10.0 

~ 
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Table 5. Summary of Moisture Retention Characteristics {continued) 

Sample No. 

35-36 

42-43 

61-62 

Pressure Head 
{em ot water) 

-o.o 
-205.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-o.o 
-100.5 
-209.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-o.o 
-95.5 

-202.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

75-76 -o.o 
-95.0 

-199.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

80-81 -o.o 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

Moisture Content 
(% vol) 

42.8 
41.4 
30.2 
14.2 

-..' 13.4 
9.4 

42.3 
42.3 
42.2 
33.5 
30.5 
28.9 
22.8 

36.4 
34.8 
32.6 
19.3 
11.2 
10.4 
7.9 

41.6 
37.9 
33.1 
24.0 
12.5 
11.6 
8.3 

34.6 
27.5 
18.3 
17.1 
10.7 

~ 
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MOISTURE ~ETENTION DATA - HANGING COLUMN 
(PORE SIZE OISTRIBUTlONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 7-6 
RING NUMBER: 14 

DEPTH: unk na~n 
SAMPLE VOLUME: ~~.16 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(UITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY UE!GHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 

169.1 (g) 

72.1 (g) 

0.0 (g) 

62.7 (g) 

51.6 (~ val) 
34.3 (eel 

----------------------------------------------------------------------------
. DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 

(1967) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING W'ETTING 

11123 1025 0.0 37.1 51.6 D.O 
11/25 BOO 100.0 35.5 u. 1.6 49.4 0.0 
11/30 610 195.0 35.2 0.3 1.9 49.0 0.0 

COf'1l1ENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Staller 
CALCULATION MACE BY: S. Stolle,. 

CHECKED BY: U. Cox 

~ 
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~!STURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(FORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NU~BER: 7-6 
RING NUMBER: 14 

DEPTH: unkna11n 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

CRY WE I GHT OF SAMPLE : 
SATURATED ~!STURE CONTENT: 

INITIAL VOLU~ OF WATER IN SAMPLE: 
~IGHT FROf1 HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

16~.1 (g) 

72.1 (g) 
0.0 (g) 

82.7 (g) 

51.8 (1 val) 
30.1 (cd 

184.9 (g) 

195.0 (r:ll 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES ~!STURE 

----

(19671 (BARl W/RlNG(!i) WT (G) WT (G) CONTENT (1 VOL) 
2::::::::a::::=•========••=•===========••==•=2a::::::::a::a::a:a:aaaaa 

!1130 845 0.0 184.9 
1212 735 1.0 164.7 20.2 ZQ.2 15.0 
12/6 630 3.0 164.0 0.7 20.~ 13.9 
1218 840 5.0 163.1 0.9 21.8 12.5 

12/13 1655 15.0 160.3 2.8 24.6 8.3 

C0Mf1ENTS: 

LABORATORY ANALYSIS PERFORMED SY: S. Stalltr 
CALCULATION KADE BY: S. Stalltr 

CHECXED BY: W. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. ,-., ,_. 
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~ -:::.---:= DANIEL B. STEPHENS & ASSOCIATES. I!'iC. 



.. 

~!STURE RETENTION DATA · HANGING COLUMN 
(PORE SiZE OISTRiBUT!ONl 

JOB NAME: LOS ALAMOS 
JOB NU~SER: B7·L·070 

SAMPLE NUMBER: 11·12 
RING NUMBER: 22 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED UE!GHT AT 0 CM TENSION 
(UITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY UEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER IN SAMPLE: 

193.6 (g) 
73.3 (g) 

0.0 (g) 

83.2 (g) 

Sid (f. val) 
37.1 (eel 

-...· 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1987) (CI'll VOL (CCJ VOL (CCl VOL (CCl DRYING WETTING 

===================:===============•==============s=========z==========~==== 
11/23 1025 0.0 36.4 56.1 0.0 
11125 eoo 98.0 34.6 1.8 1.8 53.3 0.0 
11/30 810 198.0 34.2 0.4 2.2 52.7 0.0 

COMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Staller 
CALCULATION MACE BY: 5. Staller 

CHECKED BY: U. Cox 

~ 
::----: DANIEL B. STEPHENS & ASSOCIATES. INC. 



• 

.MQISTL~E RETENT!ON DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DIST~lBUTlONl 

JOB NAME: LOS ALAMOS 
JOB NUMBE~: 87-L-070 

SAMPLE NUMBER: 11-12 
R l NG Nl.'t18ER : 22 

DEPTH: unkna11n 
SAMPLE VOLUME: &6.18 (eel 

SATURATED YEIGHT AT 0 CM TENSION 
(WITH CAP AND RINGl: 

TARE RING: 
TARE CAP: 

CRY WEIGHT OF SAMPLE: 
SATURATED MOtSTURE CONTENT: 

IN!T{AL VOLUME OF WATER IN SN1PLE: 
WEIGHT FR~ HANGING CQL!Jt1N, W/0 CAP: 

FINAL TENSION ON HANGING COLUf'IN: 

193.6 (!) 
73.3 (g) 

0. 0 (g) 
83.2 (g) 

56.1 (%. 110 ll 
32.6 (eel 

189.1 (g) 

198.0 (c•l 

----·-----------------------------------------------------------------DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BAR) W/RING(Gi WT (Gl WT (G) CONTENT (~VOL) 

=======•=s==•=============•::::a::::::::::::::::::::::::::a::::::::::: 

11/30 845 
12/2 740 
121& 830 
tZ/8 640 

12/13 1700 

COMMENTS: 

0.0 
1.0 
3.0 
5.0 

15.0 

189.1 
181.4 
175.9 
173.6 
169.7 

7.7 
5.5 
2.1 
4.1 

LABORATORY ANALYSIS PERFORMED BY: S. Stcl ler 
CALCULATION MAOE BY: S. Stcl ler 

CHECKED BY: W. Cox 

7.7 
13.2 
15.3 
19.4 

37.6 
2'1.3 
26.1 
19.9 

~ 
-::----::: DANIEL B. STEPHENS & ASSOCIATES. I:\C. 
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FOR' 
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~ ,......._. ~ ,..., ,.,... 
DANIEL B. STEPHENS 
& ASSOCIATES, INC. 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. 



• 

MOISTURE ~ETENTION DATA • HANGING COLUMN 
-(PORE SIZE DISTRIBUTION) 

JOB NAME I LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 16·17 
R lNG NUMBER: 2 

DEPTH: unknown 
SAMPLE VOLUME: b0.18 Cc:c:l 

SATURATED ~EIGHT AT 0 CM TENSION 
(WITH CAP AND RINGl: 

TARE RING: 
TARE CAP: 

DRY IJEIGHT OF SAI1PL£: 
SATURATED MOISTURE CONTENT: 

1 N lT1 AL VOLUME OF WATER 1 N SAtf'LE: 

193.6 (g) 
73.1 (g) 
0.0 (g) 

84.2 (g) 

54.9 (l vol) 
30.3 (cd 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1987) CCMl VOL CCC) VOL CCCl VOL (CCl DRYING· WETTING 

11/23 1025 0.0 33.7 54.9 0.0 
11/ZS 800 101.0 32.9 0.8 0.8 53.6 0.0 
11/30 810 199.0 32.4 o.s 1. 3 . 52.9 O.D 

COI'1P1ENTS: 

LABORATORY ANALYSIS PERFOR~D BY: S. Staller 
CALCULATION IWJE BY: S. Stoller 

CHECKED BY: W. Cox 

~ 
~--= DANIEL B. STEPHENS & ASSOCIATES. INC. 



• 

·· MO!STURE RETENT!ON DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE OISTRIBUT!ONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMSER: 16-17 
RING NUM&R: 2 

DEPTH: unkna~n 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CM TENSION 
!WITH CAP AND IHN6l: 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAI1PL£1 
SATURATED MOISTURE CONTENT: 

INITIAL VOL~ OF WATER IN SAMPLE: 
Y£ I GHT FROM HANGING COLUI'IN, W/0 CAP : 

FINAL TENSION ON HANGING COLLJ1'1N: 

193.6 (g) 
73.1 (g) 

0.0 (g) 
84.2 (g) 
54.9 (\ val) 
33.4 (eel 

190.7 (g) 

19't.O (cal 

--· 

----------------------------------------------------------------------DATE TIME PRESSURE WEIGHT CHANGE CHANGES PIC I STURE 
(1967) IBARl U/RINGIGl IJT (G) IJT IGl CONTENT 11 VOU 

::sa•••=•=•===•========•======•=•z=••=••••a••••••=•••••••••••••=•=•••• 
11130 645 0.0 190.7 
12/2 740 1.0 185.2 5.5 5.5 42.2 
1216 630 3.0 176.6 6.6 14.1 2't.2 
12/8 840 s.o 174.5 2.1 16.2 26.0 

12/13 1700 15.0 170.8 3.7 1't.'t 20.4 

COM~NTSr 

LABORATORY ANALYSIS PERFORMED BY: S. Stall1r 
CALCULATION MOE BY: 5. Stall•, 

CHECKED BY: 1.1. Cox 

~ 
::----: DANIEL B. STEPHENS & ASSOCIATES. INC. 
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,......._. ~ - ,_., ,..., ....,...-. 
DANIEL B. STEPHENS 
& ASSOCIATES, INC. 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. -



• 

MOISTURE ~ETENTION DATA - HANGING COLUMN 
. (PO~E SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 21-22 
R lNG NUI'IBER: F 

DEPTH: unkna .. n 
SAMPLE VOLUI'IE: 66.18 (~c) 

SATURATED WEIGHT AT 0 Cl'l TENSION 
(~ITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY YE I GHT OF SA11PLE: 
SATURATED I'IOISTURE CONTENT: 

INITIAl VOLUME OF WATER IN SAI'IPLE : 

194.0 (g) 

73.8 (g) 
0.0 (g) 

83.0 (g) 
56.2 (% YOI) 
37.2 (cd 

--· 

----------------------------------------------------------------------------DATE TIME SUCTION BURET CHANGE CHANGES I'IOISTURE CONTENT(% VOL) 
(1987) (CI'Il VOL !CCl VOL ICCl VOL ICCl DRYING ~ETTING 

11/23 1025 0.0 34.5 56.2 0.0 
11/25 800 97.0 34.4 0.1 0.1 Sid 0.0 
11/30 810 198.0 37.6 -3.2 -3.1 60.9 0.0 

COI'I~NTS: 

LASORATO~Y ANALYSIS PERFORI'IED BY: 5. Stall tr 
CALCULA T1 ON I'IAOE BY : S. Staller 

CHECJCEO BY: U. Cox 

~ 
---- DANIEL B. STEPHENS & ASSOCIATES. I~C. ,...., .... 



.. 

MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTIONl 

JOS NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 21-22 
RING MJMBER: F 

DEPTH: unknown 
SAMPLE VOLUME: ~.18 (eel 

SATURATED ~IGIT AT 0 Cit TENSION 
!WITH CAP AND RING>: 

TARE RING: 
TARE CAP: 

CRY WE I GHT rl SNft.E: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROt1 HANGING COLUMN, 1.1/0 CAP: 

FINAL TENSION ON HANGING COLI.Jf1N: 

194.0 (g) 
73.8 (g) 
0.0 (g) 

83.0 (g) 
56.2 (I 1101) 
32.7 (eel 

189.5 (g) 

198.0 (ca) 

---· 

----------------------------------------------------------------------OATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1967) (BAR) 1.1/RING(G) WT (G) WT !Gl CONTENT (1 VCL> 

:::::s::a:::aa2:aa2:a:::s2aaa:•2a2a:zaa:::::::#a:::a:a:aaawasaa:a:sa:: 
11/30 645 0.0 169.5 
12/2 740 1.0 175.4 14.1 14.1 28.1 
1216 830 3.0 171.9 3.5 17.6 22.8 
12/6 640 5.0 169.7 2.2 19.8 19.5 

12/13 1710 15.0 165.0 4.7 24.5 12.4 

COMNTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stalltr 
CALCULATION MADE BY: S. Stolltr 

CHECXED BY: W. Cax 

~ 
--- DANIEL B. STEPHE:-lS & ASSOCIATES. INC. ~ - _,-. 
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~ DANIEL B. STEPHENS & ASSOCIATES. l~C. 



• 

~!STURE QETENT!ON DATA - HANGING COLUMN 
· (PORE SIZE DISTRJSUTIONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25-26 
RING NUI'!BER: C 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED WEIGHT AT 0 CH TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

l N 1Tl Al VOLlK OF WATER IN SAMPL! : 

1'78.3 (g) 

n.a lgl 
0.0 (g) 

'71.1 (g) 

52.0 (1 va I) 
34.4 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOL) 
(1'187l (Cl'1l VOL (CCI VOL (CCl VOL (CC) DRYING UETT!NG 

=====:===============================================••==s•============:aa:a 
11/23 1025 0.0 35.6 52.0 0.0 
11125 sao 98.5 35.2 0.4 0.4 51.4 0.0 
11/30 610 203.0 36.5 -1.3 -0.9 53.3 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CAlCLUTION HAOE BY: S. Sta lltr 

CHECKED BY: ~. Cox 

~ 
-:::.---:: DANIEL B. STEPHENS & ASSOCIATES, INC. 



.. 

MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE OlSTRIBUTlONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 25-2~ 
R 1 NG NUP1B£R : C 

DEPTH: unknawn 
SAMPLE VOLUI1E: ".16 ( ~:cl 

SATURATED UE!GHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAI'IPLE: 
SATURATED ~!STURE CONTENT: 

IN lTI AL VOLUME OF WATER l N SAMPLE : 
WEIGHT FRO" HANGING COLUMN, W/0 CAP: 

FINAL. TENSION ON HANGING COLUMN: 

198.3 (g) 
72.8 (g) 
0.0 (g) 

91.1 (g) 

52.0 (1 val) 
30.9 (~;c) 

194.6 (g) 

203.0 (c•) 

---: 

---------------------------------------
DATE Tl11E PR£5SURE WEIGHT CHANGE CHAtaS ~!STURE 

(1987) (9ARl U/RING(G) WT IGl WT (G) CONTENT (1 VOL) 

11/30 645 
12/2 740 
1Z/IJ 830 
12/6 840 

12/13 1710 

C0111'!ENTS: 

D.O 
1.0 
3.0 
5.0 

15.0 

194.6 
179.3 
178.0 
174.9 
170.5 

15.5 
1.3 
3.1 
4.4 

LASORATORY ANALYSIS PERFORMED BY: S. Stalltr 
CALCULATION ~E SY: S. Stal ltr 

CHEC~EO BY: W. Cox 

15.5 
16.6 
19.9 
24.3 

23.3 
21.3 
1iJ.iJ 
10.0 

-------------------------------------------------------------------------------
~ -=:---= DANIEL 8. STEPHENS & ASSOCIATES, 1:'\C. 
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~ DANIEL B. STEPHENS & ASSOCIATES. I~C. -



• 

~!STURE RETENTION DATA -HANGING COLUMN 
(PORE SiZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUM9ER: G 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

SATURATED ~!GHT AT 0 CM TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY YEIGHT OF SAMPLE: 
SATURATED ~!STURE CONTENT: 

INiTIAL VOLUME OF YATER IN SAMPLE: 

208'.4 (g) 
73.3 (g) 

0. 0 (g) 
106.8 (g) 

42.8 (l vall 
28.3 (cd 

---

----------------------------------------------------------------------------DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(l VOLl 
(1987) (CMl VOL !CCl VOL (CCl VOL (CCl DRYING WETTING 

===========================:::::::::a:::::::::z=====================s======= 
11/24 1120 0.0 33.0 42.8 0.0 
11/28 1125 96.0 32.1 0.9 0.9 41.4 0.0 
11/30 610 205.0 32.1 0.0 0.9 41.4 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Steller 
CALCULATION MACE BY: 5. Staller 

CHECKED BY: Y. Cox 

~ 
---- DANIEL B. STEPHE:":S & ASSOCIATES. I~C. ~ ___. 



• 

MOISTURE ~ETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SrzE OIST~IBUTIONl 

JOB NAI'IE: LOS AlAMOS 
jOB NUMBER: 87-L-070 

SA11PLE NUI'18ER : 35-36 
R I NG M.JI'lBER : G 

DEPTH: unknown 
SAMPLE VOLUME: 6o.18 (eel 

SATURATED YEIGHT AT 0 CM TENSION 
(l.llTH CAP AND RINGl: 

TARE AINGz 
TARE CAPI 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

IN!TlAl VOLlJr'!E OF WATER IN SAI1PLE: 
YEIGHT FROI'l HANGING COL!Jit4, 1.1/0 CAPz 

FINAL TENSION ~ IW«ilt«i COL~: 

DATE TIME PRESSURE WEIGHT CHANG£ 
(1967) (BAAl 1.1/RINGIGl WT IGl 

208.4 (9) 

73.3 (9) 
0.0 (9) 

106.8 (g) 

42.8 11 val) 
27.0 (cd 

207.1 (g) 

205.0 (cal 

CHANGES ~!STURE 
WT IGl CONTENT (1 VOU 

---

======s=~•••aaaa:aa:aa::a:sz::waa•==•••=•••=••••••••••a••aaa82aaa:a::: 

11130 845 0.0 207.1 
1212 740 1.0 200.1 7.0 7.0 30.2 
12/6 830 3.0 18,.5 10.6 17.6 14.2 
1218 840 5.0 1BcLO o.s 18.1 13.4 

12/13 1715 15.0 186.3 2.7 20.8 '·' 
COI'li'1ENTS: 

LABORATORY ANALYSIS PERFOAI'IEO BY: s. St~IIIP 

CALCI.UTION I'IAOE BY: S. Stalltr 
O£CKED BY: 1.1. Cax 

~ 
-::::---:: DANIEL B. STEPHE:-.JS & ASSOCIATES. INC. 
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~ =:.---:: DANIEL B. STEPHENS & ASSOCIATES. I:\C. 



• 

MOISTURE RETENTION OATA • HANGING COLUMN 
!P0RE SIZE OISTRIBUTIONl 

JOB NAME: LOS ALAMOS 
JOB NU~SER: 87-l-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unltna~n 

SAMPLE VOLUME: b6.18 (eel 
SATURATED ~E!GHT AT 0 CM TENSION 

(~JTH CAP AND RING): 
TARE RING: 

TARE CAP: 
DRY YEIGHT OF SAMPLE: 

SATURATED ~!STURE CONTENT: 
INITIAL VOLUME OF YATER IN SAMPLE: 

208.0 (9) 
72.6 (9) 

0.0 (IJ) 
107.4 (IJ) 
42.3 (l liD I) 
28.0 (cc:l 

----

----------------------------------------------------------------------------
OATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT!l VOL) 

(1967) (CI1l VOL (CC) VOL ICC) VOL !CCl DRYING YETTING 
================================2:z:::::::az::2a:::::::::::a::::a:az~====•== 

11/24 1120 0.0 32.7 42.3 0.0 
11128 1125 100.5 32.7 0.0 0.0 42.3 0.0 
11/30 910 209.0 32.6 0.1 0.1 42.2 0.0 

COMMENTS: 

LABORATORY ANALYSIS PE~FOR~ED BY: S. Steller 
CALCULATION MACE BY: S. Staller 

CHECKED BY: Y. C::lx 

~ 
---- DANIEL 8. STEPHENS & ASSOCIATES. INC. ,_.., ,..... 



.. 

MC!STURE RET~NT!ON DATA - 15 BAR PRESSURE PlAiE 
!FORE SIZE OlSTRlBUTlONl 

JOB NAME: LOS AlAMOS 
JOB NU~BER: 67-L-070 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DE?TH: unknown 
SAI1PLE VOLUt£: 06.18 led 

SATURATED WEIGHT AT 0 Cl'l TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY UE!GHT OF SAHPLE: 
SATURATED MOISTURE CONTENT: 

1 N ITIAl VOLUME OF IJA TER IN SAMPLE : 
WEIGHT FRO" HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COL~: 

20e.a lgl 
72.11 (g) 
0.0 (g) 

107.4 (g) 

42.3 (' vel) 
26.4 kcl 

206.4 (g) 

20CJ.O !c1l 

---· 

----------------------------------------------------------------------DATE T!ME PRESSURE WEIGHT CHANGE CHANGES 110!STURE 
(1967) <BARl IJ/RING<Gl WT <Gl UT !Gl CONTENT (' VOU 

===•••••••••=s••======•=•a••••••••=••••••••••=•••••••••••=aaa2aaaaaa•• 
!1/30 645 0.0 206.4 
1212 740 1.0 202.2 4.2 4.2 33.5 
1216 630 3.~ 200.2 2.0 6.2 30.5 
12/8 640 5.0 199.1 1.1. 7.3 28.9 

12/13 1720 15.0 195.1 4.0 11.3 22.8 

COMNTS: 

LABOKATORY ANALYSIS PERFORMED BY: 5. Stoll•~ 
CALCULATION ~E BY: S. Stalltr 

CHECKED BY: W. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. 



• 

-1 0 5 

• 
....-.-1 0 4 

~ 
Q) 

-+.J 

0 
3 

'+-
0 

E 
-1 0 J 

(.) ...._, 

""0 
0 
<lJ 

::r:_1 0 2 

Q) 
~ 

:J 
en 
en 
Q) 
L.. 
a. 

-10 

-1 
0.15 0.20 0.25 0 . .30 0 . .35 0.40 

Moisture Content (cm3/cm3) 
0.45 

FlOUR£ NUMIER' Pressure Head (~m of water) vs. Moisture 
Content (cm3/cmJ), Sample No. 42-43 

FOR: 

Los Alamos 

PROJECT NO: DATE: 

87-L-070 1/4/88 
PLOTTED IY: CHECKED IY= 

SLS WBC 

~ 
,...,~ ~ 

:-. ~,..... 

DANIEL a. STEPHENS 
& ASSOCIATES, INC .. 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. 



• 

!101STURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE OISiRIBUTIONl 

J08 NAM€ : LOS ALAMOS 
JOB NUMBE~: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUM8ER: A4 

DEPTH: unk na•n 
SAMPLE VOLUME: 66.18 {eel 

SATURATED WEIGHT AT 0 Cl1 TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY ~I GHT OF SAMPLE : 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 

210.1 (g) 
73.4 (g) 
0.0 (g) 

112.6 (g) 
36.4 (1 1101) 
24.1 (cc:) 

----------------------------------------------------------------------------DATE TIME SUCTION BURET CHANG£ CHANGES I'IOISTURE CONTENTil VOL) 
(1987) (C"l VOL (CCl VOL (CCl VOL lCCl DRYING ~TTING 

11/24 1120 0.0 36.1 30.4 0.0 
11128 1125 95.5 35.0 1.1 1.1 34.8 D.O 
11/30 810 202.0 33.6 1.4 2.5 32.6 0.0 

COtftNTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Staller 
CAI.Ctl.ATION MOE SY: 5. Stoller 

CHECKED BY: W. Cax 

~ -::---::= DANIEL B. STEPHENS & ASSOCIATES. I:"JC. 
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MOISTURE RETENTION OATA - 15 BAR PRESSURE PLATE 
(PORE SIZE OISTRISUTIONl 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUI1SER: A4 

DEPTH: unkna•n 
SAI'!PLE VOLlJ1E: 66.18 (eel 

SATURATED WEIGHT AT 0 Cl'! TENSION 
(WITH CAP AND RING): 

TARE RING: 
TARE CAP: 

CRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FRO~'! HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COI.Uf1N: 

210.1 (g) 
73.4 (g) 
0.0 (g) 

112.6 (g) 

36.4 (I va I) 
20.8 (c:cl 

206.8 (g) 

202.0 (e~) 

---

----------------------------------------------------------------------OATE TII~E PRESSURE ~!GHT CHANGE CHANGES ~!STURE 
(!987) !BAR) WIRING I G) WT (G) IJT (Gl CONTENT (I VOL) 

===============••:aaa:::asa:•••••a:za::a::::a::s:::a::22••=-=•aaaaaa•• 
11/30 845 0.0 206.8 
12/2 740 1.0 198.8 8.o 8.o l'f.J 
12/it 830 3.0 193.4 5.4 13.4 11.2 
12/8 840 s.o 192.'f o.s 13.'1 10.4 

12/13 1740 15.0 191.2 1.7 15.11 7.9 

COMNTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stalltr 
CALCULATION MOE BY: S. Staller 

C~CKEO BY: IJ. Cox 

------------------------------------------------------------------------------------------------------------------------------
~ 
----- DANIEL B. STEPHENS & ASSOCIATES. INC. ,_.., ...-



• 

-10 ' 

...-.-1 0 4 

~ 
Q) 
~ 

0 
~ 

..... 
0 

E 
-10 l 

u ..._., 
"0 
0 
Q) 

:J:-10 2 

Q) 
L.. 
::J 
(/) 
C/) 

Q) 
~ 

a. 
-10 

-1 
0.00 

• 

0.10 0.20 0.30 0.40 
Moisture Content (cm3/cm3) 

FIGURE NUMIER' Pressure Head (em of water) vs. Moisture 
Content (cm3/cm3), Sample No. 61-62 

FOR' PROJECT NO: OAT£: P~OTTEO IY• CHECKED IY• 

Los Alamos 87-L-070 1/4/88 SLS WBC 

~ ,....._ -,_.., ,...,_ ,.. 
DANIEL 8. STEPHENS 
& ASSOCIATES, INC .. 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. INC. -



• 

MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

J08 NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SN1PLE NUI'SER I 75-76 
RING NUMBER: 19 

DEPTH: unknown 
SAMPLE VOLUME: 6o.1B Cce) 

SATURATED ~EIGHT AT 0 Cl1 TENS l ON 
CUITH CAP AND RING): 

TARE RING: 
TARE CAP: 

DRY YEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN ~LE: 

204.5 (g) 
73.4 (g) 
0.0 (g) 

to3.o Cg) 
41.6 (I val) 
27.5 (cc) 

--· 

----------------------------------------------------------------------------DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENTCI VOL) (1967l CCI1) VOL CCCl VOL CCC) VOL CCC) DRYING ij[TTING 

11124 1120 0.0 34.4 41.6 0.0 11/26 1125 95.0 32.0 2.4 2.4 37.9 0.0 11/30 610 199.0 26.6 3.2 s.6 33.1 D.D 

COrt!ENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Staller 
CALCULATION IWJE BY: S. Staller 

CHECKED SYr W. Cax 

~ =-= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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~OISTURE RETENTION OATA • 15 BAR PRESSURE PLATE 
(PORE SIZE O!STRIBUTlONl 

JOB NAI'IE: LOS ALA~OS 
JOB NUMBER: 67-L-070 

SAI1PLE NUI1SER: ?S-76 
RING NUMBER: 19 

DEPTH: unkna111n 
SAI'IPL£ VOLUM£: 66.18 ( c:d 

SATURATED YE!GHT AT 0 C" TENSION 
(~ITH CAP AND RING) I 

TARE RING: 
TARE CAP: 

DRY \,IE I GHT OF SAMPLE : 
SATURATED ~!STURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 
YEIGHT FROM HANGING COLl.Jr'IH, ~10 CAP: 

FINAL TENSION ON ~lNG COLUf1N: 

204.5 (IJ) 

73.4 (g) 

o.o (g) 

103.6 (g) 
41.6 (I val) 
21.9 (c:c:) 

198.9 (IJ) 

199.0 (c:•l 

----------------------------------------------------------------------DATE Tli1E PRESSURE WEIGHT CHANGE CHANGES PIOISTURE 
(1967) (BAR) II/RING( G) ~T (Gl IJT (G) CONTENT ( I IJOU 

:aas:s:aa:aaaa:aaaaa::aaaa::aa:aaaa:a:a:aaaaaaaaaaaaaaaaa:aaaaaaaaaaaa 

11/30 845 0.0 196.9 
12/2 740 1.0 192.9 6.0 6.0 24.0 
12111 830 3.0 185.3 7.6 13.11 12.5 
1218 840 5.0 184.7 0.6 14.2 11.6 

12113 1725 15.0 182.5 2.2 lid 8.3 

COMNTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stal ltr 
CALCtl.A Tl ON I1AOE SY: 5. Stalltr 

CHECKED BY: W. Cox 

~ 
----- DANIEL B. STEPHENS & ASSOCIATES. INC. 
,_..... --
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MOISTURE RETENTION OATA - HANGING COLUMN 
(FORE SIZE DISTRIBUTION) 

JOB NAME= LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: S0-61 
RING ~lUI'lBER: 18 

DEPTH: 11nkno"n 
SAMPLE VOLUME: 60.18 (~c) 

SATURATED ~EIGHT AT 0 CM TENSION 
(UITH CAP AND RING): 

TARE RING: 
TARE CAPs 

DRY YE I GHT OF SA1'1PLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF YATER IN ~LE= 

215.1 (9) 
73.1 (9) 

O.G l9l 
119.1 (9) 

34.6 (l vel) 
22., (eel 

----------------------------------------------------------------------------DATE TIME SUCTION BURET. CHANGE CHANGES 1101STURE CONTENT<l VOL) 
11987) iCMl VOL (CCl IIOL ICC) VOL ICCl DRYING WETTING 

11/14 1120 0.0 34.0 34.6 C.O 
11128 1125 98.5 34.1 -0.1 -o .1 34.8 0.0 
11/30 810 205.0 39.1 -4.0 -4.1 40.8 0.0 

COI11'!ENTS1 

LABORATORY ANALYSIS PERFORI'lEO BY: S. Staller 
CALCULATION MACE BY: 5. Staller 

CH£CKEO BY: W. Cox 

~ 
~-= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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WO!SiURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE O!STR!BUT!ONl 

JOB NAI'!E: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMSE~: B0-61 
RING NUMBER: 18 

DEPTH: unknown 
SAMPLE VOL~: oo.18 (eel 

SATURATED ~EIGHT AT D CM TENSION 
(Y!TH CAP AND RlNGl: 

TARE RING: 
TARE CAP: 

DRY ~IGHT OF SAHPL£: 
SA TURA TEO 1'!0 I STURE CONTENT : 

INITIAL VOLUME OF ijAT£R IN SAMPLE: 
WEIGHT FROPI HANGING COLIJ1N, W/0 CN't 

FINAL TENSION ON HANGING COLUMN: 

215.1 (!) 
73.1 (!) 
0.0 (9) 

119.1 (g) 
34.& (1 val) 
21.4 ( cr:l 

213.& (9) 
205.0 (c•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 

---

(19B7l !BARl 1.1/RING!Gl I.IT !Gl WT <Gl CONTENT (1 VOL) 

11/30 845 
1212 740 
121& 830 
12/B 840 

12113 1725 

COMNTS: 

0.0 
1. 0 
3.0 
5.0 

15.0 

213.& 
210.4 
204.3 
203.5 
199.3 

3.2 
o.t 
o.a 
4.2 

~ABORATORY ANALYSIS PERFORMED BY: 5. Stalltr 
CALCULATION MACE BY: 5. Stal ltr 

CHECKED BY: Y. Cax 

3.2 
9.3 

10.1 
14.3 

27.5 
18.3 
17' 1 
10.7 

~ 
~ DA~IEL 8. STEPHE~S & ASSOCIATES. INC. 
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INITIAL MOISTURE CONTENT, DRY BULK 
DENSITY AND POROSITY 



• 

Table 6. Summary of Initial Moisture Content, Dry Bulk Density 
and Porosity 

Sample No. 

7-8 

ll-12 

16-17 

21-22 

25-26 

35-36 

42-4.3 

61-62 

75-76 

80-81 

!Initial Moisture Content 1 
!Gravimetric Volumetric! 
I (gIg) ( cm3 I cm3) I 

28.30 35.36 

14.90 18.74 

17.46 22.21 

15.90 19.95 

13.94 19.19 

14.51 23.42 

22.53 36.57 

11.55 19.64 

14.77 23.12 

11.17 20.10 

Dry Bulk 
Density 

(glee) 

1.25 

l. 2'&' 

1. 27 

1.25 

1.38 

1.61 

l. 62 

l. 70 

1.57 

1. 80 

*Taken as saturated moisture content 

,_... ..... D.\:\IEL B. STF.PIIE\S & .\S~OCIATF.S. I\T. 

Porosity* 
(% vo1) 

51.8 

56.1 

54.9 

56.2 

52.0 

42.8 

42.3 

36.4. 

41.6 

34..6 
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DATA FOR INITIAL MOISTURE CONTENT, 
BULK DENSITY, ANO POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMB£~: 87-L-070 

SAMPLE NU~BER: 11-12 
RING NUMSER: 22 

OE?iH: unk nc111n 

FIELD ~IEGHT OF SAMPLE (~/CAPANO RING): 
TARE ~EIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

1b8.9 (g) 
73.3 (g) 

0. 0 (g) 

66.18 (ec:l 
12/13/87 17DO 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 83.2 (g) 
DRY BULK DENSITY: 1.26 (g/ccl 
PARTICLE DENSITY: 2.65 (g/ccl 

--· 

(M£THOO: ASSUME ~AN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 52.56 (1 vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 18.74 (1 vall 

INITIAL MOISTURE CONTENT (GRAVIMETRIC!: · 14.90 (1) 

COMMENTS: 

LABORATORY ANALYSIS PERFOR~O BY: 5. Staller 
CALCULATIONS MACE BY: 5. Stalle~ 

CHECKED BY: W. C~x 

D.\'\IEL B. STI-:PIIE.\S 1.\: :\SSOCI:\TES. 1.\C. 
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DATA FOR iNITIAL MOISTURE CONTENT, 
aGLK uENSliY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NU~8E~: 67-L·070 

SAMPLE NUMBER: 16·17 
R lNG NUMBER: 2 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPlE (U/CAP AND RING): 
TARE UEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TII1E OUT OF OVEN: 

172.0 (g) 
73.1 (g) 
o.o (g) 

6ia.18 (eel 
12113/87 1700 
12/17/87 940 

DRY ~EIGHT OF SAMPLE: 84.2 (g) 
DRY BULK DENSITY: 1.27 (g/ccl 
PARTICLE DENSITY: 2.65 (g/ccl 
(11ETHOO: ASSUI1E MEAN PARTICI..E DENSITY • 2.65 g/ec:l 

CALCULATED POROSITY: 51.99 (I veil 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 22.21 (l vall 

INITIAL MOISiURE CONTENT (GRAVIMEiRICl: 17.46 (l) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stcl lrr 
CALCULATIONS MADE BY: S. Stal lrr 

CHECKED BY: ~. Ccx 

~----- [) \:\IEL B. STEPIIE:\S u. .·\SSOCJ..\TI·:S. 1\C. ........ ....-



• 

• 

CATA =-·JI( INITIAL MO !STURE CONTENT, 
BULK OENSlTY, ANO POROS:TY 

JOB NAME: LOS AlAMOS 
JOB NU~SE~: 67-L-070 

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unit nc111n 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, RING: 

TARE ~EIGHT, PAN: 
SAMPLE VOLUI1E: 

DATE ANO TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

17D.O (g) 
73.6 (g) 

0.0 (g) 

66.16 (ec:l 
12113/67 1700 
12/17/67 940 

CRY ~EIGHT OF SAMPLE: 63.0 (g) 
DRY BULK DENSITY: 1.25 (glee) 
PARTICLE DENSITY: 2.65 (g/crl 
(METHOD: ASSUI'IE MEAN PARTICLE DENSITY a 2.oS g/ccl 

CALCULATED POROSITY: 52.67 (~val) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.95 (~val) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 15.90 (~l 

COI'!!'!ENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stolltr 
CALCULATIONS MACE BY: S. Staller 

CHECKED BY: Y. Cox 

~ 
~ D:\\IF!. B. STF.P!!E\S & ,.\,:.;:-;ocr.\TES. !\C. 

• 



.. 

DATA FOR !NlT!Al ~OISTURE CONTENT, 
SULK DENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-07D 

SAMPLE NUMBER: 25-26 
R lNG Nli~SER: C 

DEPTH 1 unknown 

FIELD ~IEGHT OF SAMPLE (~/CAP AND RING): 
TARE ~EIGHT, RING: 

TARE UEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE ANO W1E OUT OF OVEN: 

176.6 (g) 
n.a (gl 
0. 0 (g) 

61:..18 ( c:c::) 
12113/87 1700 
12/17/87 'J40 

DRY UEIGHT OF SAMPLE: IJ1.1 (g) 
DRY BULK DENSITY: 1.38 (g/cc:l 
PARTICLE DENSITY: 2.65 (g/c::c:) 

---· 

(METHOD: ASSUME MEAN PARTICLE DENSITY • 2.65 g/c:c::l 

CALCULATED POROSITY: 48.05 (1 vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 1'J.l'J (1 val) 

INITIAL MOISTURE CONTENT (GRAVIMETRiC): 13.94 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. 5tal ler 
CALCULATIONS MACE BY: 5. Stolle~ 

CHECKED BY: U. Cax 

~ 
--- D.\.\ lEI. !3. STEI'l!E\S & .-\SSOCI.\TES. 1\C . .--.......... _,...... 
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DATA FO~ INITIAL ~O!STURE CONTENT, 
BLLX DENSITY, ANO POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unkne11n 

FIELD UIEGHT OF SAMPLE (U/CAP AND RING): 
TARE UEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

195.6 (9) 

73.3 (9) 

0.0 (9) 
66.18 (ec:l 

12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 106.8 (g) 
DRY BULK DENSITY: 1.61 !9/ecl 
PARTICLE DENSITY: 2.65 (g/eel 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 glee) 

CALCULATED POROSITY: 39.10 (~vel) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 23.42 (1 vel l 

!NITIAL MOISTURE CONTENT (GRAVIMETRIC): 14.51 (1) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stelle, 
CALCULATIONS ~ACE BY: S. Stelle, 

CHECKED BY: W. Ccx 

~ 
~--== D:\\ IEL H :->TEI'HI·:~s ,-.. .\~:-;oCI.-\TES. I '.C. 

, I 
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DATA FOR INITIAL MOISTURE CONTENT, 
·BULK DESS!TY, ANO POROS!TY 

JOB NAME: LOS ALAMOS 
JOB NUMBE~: 87-L-07D 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unknown 

FIELD WIEGHT OF SAMPLE (W/CAP AND RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
5At1PI.E VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TII'1E OUT OF OVEN: 

2D4.2 (g) 

n.6 (gl 
0.0 (g) 

6o.1a (c:c:l 
12113/87 17DD 
12117/87 940 

CRY WEIGHT OF SAMPLE: 107.4 (g) 
DRY SULK DENSITY: 1.62 (g/c:c:l 
PARTICLE DENSITY: 2.65 (g/c:c:l 

--....· 

!METHOD: ASSUME MEAN PARTICLE DENSITY • 2.65 g/c:c:) 

CALCULATED POROSITY: 38.76 (1 voll 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 36.57 (1 vol) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 22.53 (1) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY1 5. Stal It~ 
CALCULATIONS MACE BY: S. Stalle~ 

CHECKED BY: W. Cax 

-- ---------- -·--·- ------ ···-- -----------
/'<'~ 
-::::---: D.\\IEL !1. ~TEP!lF.\'S & ASSOCL\TES. l\C. 
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CATA FOR lN!TlAL MOISTURE CONTENT, 
BL~K aENS!TY, AND POROSiTY 

JOB NAME: LOS ALAMOS 
J09 NUIISE~: 67-L-070 

SAMPLE NUMBER: o1-o2 
RING NUMBER: A4 

DEPTH: unknown 

FIELD UIEGHT OF SAMPLE (U/CAP AND RING): 
TARE UE!GHT, RING: 

TARE UEIGHT, PAN: 
SAMPLE VOLUME: 

DATE AND TIME INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

199.0 (g) 
73.4 (g) 
0.0 (g) 

66.18 (c:c:) 
12/13/87 1700 
12/17/87 940 

DRY UEIGHT OF SAMPLE: 112.6 (g) 
DRY BULK DENSITY: 1.70 (g/c:c:) 
PARTICLE DENSITY: 2.65 (g/ccl 
(1'1£THOO: ASSUt1E 11EAN PARTICLE DENSITY • 2.05 g/c:cl 

CALCULATED POROSITY: 35.80 (l val) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.04 (l val) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 11.55 (l) 

COM1'1ENTS: 

CABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATIONS MAOE BY: S. Stoller 

CHECKED BY: ~. Cox 

~ 
---- 0.\.\IEL 13. STF.PHE:'\S & ASSOCI:\TES. 1:'\C. ,.-..... ,.._. 



• 

DATA FO~ !NITIAL ~!STU~E CONTENT, 
BULK DENSiTY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-070 

SAI'IPLE NUMBER: 75-76 
RING NUMSE~: 19 

DEPTH: unknown 

F!ELO ~!EGHT OF SAMPLE (~/CAP AND RINGl: 
TARE WEIGHT, RING: 

TARE ~IGHT, FAN: 
SMPLE VOLUP1E: 

DATE AND TI~ INTO OVEN: 
DATE AND TIME OUT OF OVEN: 

192.3 (g) 
73.4 (g) 
0.0 (g) 

66.18 (cc:) 

12/13/67 1700 
lZ/17/67 940 

DRY WEIGHT OF SAMPLE: 103.6 (g) 
DRY BULK DENSITY: 1.57 (glee) 
PARTICLE DENSITY: 2.65 (g/ecl 

--

(METHOO: ASSUI'!E MEAN PARTICLE DENSITY = 2.65 g/ eel 

CALCULATED POROSITY: 40.93 (1 vall 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 23.12 (1 vall 

INITIAL MOISTURE CONTENT (GRAVIHETRICJ: 14.77 (1) 

COI'!l'!ENTS: 

LABORATORY ANALYSIS ~:RFOR~D BY: 5. Stal ltr 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: W. Cax 
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OATA FOR INITIAL MOISTURE CONTENT, 
BULK OENSITY, AND POROSITY 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 67-L-070 

SAMPLE ~SER: 60-81 
RING NUMB~: 18 

DEPTH: unknown 

FIELD ~IEGHT OF SAMPLE (~/CAPANO ~INGl: 
TARE WEIGHT, RING: 

TARE W'EIGHT I PAN: 
SAMPLE VOI..UI1E I 

DATE ANO TIME INTO OVEN: 
DATE AM) TIME OUT OF OVEN: 

205.5 (,) 
73.1 (9) 
0.0 (,) 

&&.18 (cc:) 
12/13/87 1700 
12/17/87 C140 

ORY UEIGHT OF SAMPLE: 119.1 (9) 
DRY SULK DENSITY• 1.80 lt/cc) 
PARTICLE DENSITY: 2.65 (9/cc) 
(METHOD : AS51.11£ MEAN PART! CLE OEHS I TY • 2 .&5 9/ eel 

CALCULATED POROSITY: 32.0' ('val) 

INITIAL MOISTURE CONTENT IVOLUMETRIC)r 20.10 ('val) 

INITIAL MOISTURE CONTENT (GRAVIMETRICl: 11.17 ('l 

COMt1ENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stalltr 
CALCULATIONS HADE BY: S. Stalltr 

CHECKED BY: W. Cox 

~ DA.\IEL B. STEPHE.\S & ASSOCIATES. 1:\C. ~ ,_ 
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UNSATURATED HYDRAULIC PROPERTIES 

• 



.. 

Taale 7. Summary of Parameters for Calculating Unsaturated Hydraulic .Conductivity 

--------------------------------------------------------------------a N 
(c:n~~cm3) (cm~,cm3) Ks Sample No. (cm-l) (dimension- (em/sec) 

less) --------------------------------------------------------------------7-8 0.00272 2.49734 0.083 0.518 1.58E-04 
11-12 0.00231 1.73884 0.199 0.~61 2.84E-04 

----16-17 0.00119 2.04731 0.204 0.549 2.78E-04 
21-22 0.00313 1.73941 0.124 0.562 2.00E-04 
25-26 0.00371 1.69308 0.100 0.520 9. 182-05 
35-36 0.00108 2.44961 0.094 0.428 2.2~E-05 

42-43 0.00164 1.66466 0.228 0.423 8.57E-05 
61-62 0.00263 1.93720 0.079 0.364 5.15E-04 
75-76 0.00452 1. 65070- 0.083 0.416 2.28E-04 
80-81 0.00098 1.96205 0.107 0.346 4.41E-05 

~ =:----;:: DA!';IEL B. STEI'l!E~S & ASSOCIATES. !:\C. 
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SATURATED HYDRAULIC CONDUCTIVITY . 

Method 

The saturate~ hy~raulic ccn~uctivit~· of a aoil aample can 
be measure~ in two types of laboratory ap~aratus: a ccnatant hea~ 
permeameter or a falling head permeameter. 

Constant hea~. The hydraulic conductivity K ie· defined' here 
~ as the ratio of q, the volume flux of water pasaing'~hrough ·a 

unit cress aectional area of aoil per unit time, ~nd (~/L)·or 
gradient of hy~raulic head in the direction of flow; correcte4 

·. 

( 1 ) 

1• the kinematic viacoaity a~ 2o•c and observed 

temperature, T. 

A soil sample of length, L, and cross-sectional area, A, is. 
I placed in a sample holder which prevents a~y loss .of aoil or 

change in volume and establishes laminar unidirectional flow 

through the sample. A constant head differential, 6h, ia then 

set up acroaa the aample and maintained. Periodic readings ot 
volumetric ~ttlow are taken until stable values tor conductivi

ty, K are obtained. Temperature ot the tluid is measured w;th a 

thermometer. Figure B-1 is a diagram ot the apparatus used. A . constant head system is best suited to samples with cond.uctivi-
. -4 tiea greater than 10 cm/aec. 

~ =-== DANIEL B. STEPHENS & ASSOCIATES. INC. 
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• 

falling head. A soil aample of length L and croas aectional 

area, A, is placed in a sample holder which has a standpipe with 

cress-sectional area, a. A head of H1 , is established in ~he 

standpipe above the sample, then the water level is allowed to 

tall to H 
2 

in time t. I' igure B-2 is a diagram of the apparatus 

uaed. A falling head system is beat suited~o samples with 
-4 conductivities leas than 10 em/sec. The hydraulic conductivi-

ty, is then defined as: 

K • ( a x 1../A x t) R.n (H/H2)(VT/v20> ( 2 ) 

Procedures: 

Constant head. Cylinders containing the soil aample are 

covered on both ends with loose fitting eapa and placed in a 

shallow pan containing de-aired· water. The samples are allowed 

to wet slowly from below for 24 hours. The samples are removed 

from the pan, and two acreens are placed over one end: a very 

stiff one of coarse mesh for support and a tine one of either eo 

to 100 mesh to prevent any sample trom being washed out. The 

cylinder, with screens attached, is then clamped into the sample 

retainer and placed in the permeameter. The level of the water 

in the permeameter reservoir is then slowly raised over a period 

of hours. When the level in the reservoir reaches to within a few 

centimeters above the top of the sample, a siphon is placed in 

the sample retainer assembly to remove water from above 
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Figure B-2. Falling Head Permeameter 
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the aampla. Water tlowa upward through the aemple due to the 

hydraulic head difference across the sample. Periodic measure

ments of discharge and the head difference across the sample are 

made, and the hydraulic conductivity is calculated. A correction 

to 20 c ia then applied tor differences in kinematic viscoaity . . 
Measurement continues until the calculated hydraulic conductivity 

value stabilizes. 

Falling head. Saturation ot the aample is obtained by the 

same procedures described under constant head teat. Screens are 

alao attached aa outlined under constant head teat. The ring 

with screen• is then placed in the tallin; head sample retainer 

ana set in a constant head reservoir. Water is added to the 

standpipe ana the difference between the water level in the 

standpipe and that in the constant head reservoir are record~d 

over time. The water level in the standpipe is allowed to tall, 

while the fluid level in the lower level is constant. After a 

period ot time the difference in water levels between that in the 

standpipe and that in the constant head reservoir are measured 

and the elapsed time noted. Correction is applied for kinematic 

viscosity. 

Calculations: 

Experimental values are substituted into the appropriate 

equation as outlined under methods. 
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MOISTURE RETENTION - HANGING COLUMN 

(PORE SIZE DISTRIBUTION) 

Principle 

Use ct pore size aistributicn as a soil ~aracteristic is 

basea upon acceptance ct the capillary moael. This moael is 

described by: 

h' • 2 cca 'Y I P gr (3) 

where h' is the height tc which a liquid will riae in a clean 

capillary tube ct radius r, Y is the surtace teneion ot the 
• 

lil'.iuia, p is 1 ts density, and g is acceleration due to gra

vity. It water is extracted trcm an initially saturated sample 

ct ecil by a tension equal to h', the volume ot water extractea 

is equal to the volume ot peres having an ettective radius 

greater than the radius, r. As the tension applied to the 

sample increases, additional water drains trom progressively 

smaller pores. 

Method 

The kev component ot the apparatus tor meaeuring the reten

tion ot moisture at ditterent pressure heaas or pore size distri

bution is a tritted glass porous plate that conaucta water, 

but when wet the plate is impermeable to air. The tritted glass 
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plates have an air-entry pressure ot about 300 to 400 em of 

water. These plates are affixed in a glass tunnel which is 

connected to a curet with etopcock by means ot flexible tubing. 

A diagram of the apparatus is shown in Figure 3. A soil sample 

is placed on the plate and tension, h' is applied to the sample 

by poeitioning the fluid level in the curet at different levels 

below the center of the eample. Water tlowe out of the eample 

into the curet until equilibrium ie achieved. The tension is 
I 

again increaeed or decreaeed to obtain another etate of equili

brium between moisture held by capillary forces in the sample and 

the applied tension. 

Laboratory Procedure 

Air is first removed from the porous plate by allowing 

de-aired water to paee continuously through it tor 24 houre. The 

tunnel with porou• plate and the curet are eupported on vertical 

rods by means ot clamps. A saturated sample within ita sample 

ring is then placed on the porous plate, making certain that good 

hydraulic contact is established between the soil particles and 

the plate •. With the •topcock of the buret cloeed, the initial 

level ot the water in the curet is recorded. 

The curet is then lowered a small increment 'to about 10 to 

1S em below the center of the soil sample. When the stopcock is 

opened, the soil may begin to desaturate, and the drainage will 

flow into the curet. When drainage has ceased, the stopcock is 
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closed and we record the wate~ level in the buret and the 

vertical distance trcm the bottom of the meniscus of the water in 

the buret to the middle ot the soil sample. The procedure is 

repeated in a stepwise manner until the maximum tension desired 

is reached. A reversal ot the process is used to gather data en 

the wetting behavior ct the sample. 

Calculation 

Saturated moisture content e 
aat (volume percent) is 

determined as fellows: 

8 sat • [M sat - M dry] /[VT x P) x 100 (% vol) ( 4) 

where M sat • mass ot sample saturated, M dry • mass ot sample, 

oven dried to a constant weight, VT • volume ot the sample, p • w 
density ct the water at temp when saturated mass waa determined. 

The quantity [M sat - M dry] /Pw ia the volume, in cuoic csnti-

meters, ct water initially contained in the sample volume. The 

drainage is subtracted from the initial volume of water and then 

divided by the sample volume to arrive at the moisture content in 

percent volume at the given value ot tension. 

(% vol) ( 5) 

where V • volume of water initial, v0 • cumulative volume 

drained t rom sample, V T • volume of sample, eh, • moisture 

content at the tension value h'. This gives then a paired set of 

values of tension, or pressure head, versus volumetric moisture 

content. 
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MOISTURE RETENTION - PRESSURE PLAT! 

Principle 

The operation ot the preeaure plate moiature extractor 

requires maintaining a preaeure difference b.tWeen the liquid 

phase of the water in the soil and water on the opposite aide of 

a po·rous' plate which supports the soil sample •. The sample and 

porous plate are sealed in a rigid container eo that positive gas 

preesure applied above the plate cauees flow to occur acroae the 

plate (Figure S-4). The porous ceramic plate is aupporte4 by a 

tine mesh screen which also provides a passage way tor the 

extracted solution. The water beneath the plate is open to the 

atmo5phere through the outflow tube. The illuatration in Wigure 

B-5 shows a magnified view ot soil particles in contact with the • 

plate ineide the preeeure plate extractor during an extraction 

run. 

Ae soon as air pressure inside the chamber ia raised above 

atmospheric pressure, the higher pressure inside the chamber 

forces exceaa water through the microecopic porea in the plate. 

Air, however, will not flow through the poree ot the plate, 

because the plate remains saturated .aue to ita high air-entry 

pressure. When the pressure in the chamber increases, water 

leaves the sample until the tension of the water 
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due to capillary and adsorptive terce• is in equilibrium with 
the applied pressure. 

Method 

Moisture retention is obtained using a pressure plate 
extractor (Soil Moisture Inc., Santa Barbara, CA-, Model 1600), 
with 1, 3 and 1e bar ceramic plates. Preseure is provided by 
high pressure nitrogen from cylinders. 

Laboratory Procedure 

The porous ceramic plate is placed is a shallow pan with 
deaired distilled water and allowed to stand overnight. The 
plate is then removed from the pan and placed in the extractor. 
De-aired distilled water is poured over the plate to the limit 
allowed by the rubber skirt, which generally just submerges the. 
plate. The pressure plate ie sealed and pressure brought to eo
of the plates maximum rated pressure. This pressure is maintain
ed until outflow ceases. The extractor is opened and any excess 
water around the plate is removed. 

The soil samples in their sample rings are then placed on 
the plate, ~ng certain good hydraulic contact is established. 
The extractor is then sealed and the pressure brought to the 
level desired. The pressure is maintained until outflow ceases. 
The extractor is then opened and the samples weighed quickly on 
an electronic top-loading balance. Subsequently, the samples are 
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returned to the extractor, and the pressur~ ie increas~~ to the 
next increment. 

Calculations 

The ~ecreaae in mase of water in the aample 4uring a perio~ 

ot applie~ pressure is converte~ to an equivalJnt 4eereaee in 
volume ot water aecor~ing to: 

(cc) (8) 

where ~ m • change in maee ot eoil eample (g), PT • 4eneity ot 
water at temperature of experiment (g/cc), 
volume ot water (cc). 

v., • equivalent 

Volumes ot water calculate~ from equation 6 are then use4 to 
~etermine the moisture content at that preeaure: 

where e • moiature content at preeaure p 

(% vel) (7) 

P(- vel), v 1 • initial 
volume ot water in eample (ce), t~ v., • cumulative water volume 
chan;e (ee), v • total volume ot the aample (cc). T 
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INITIAL MOISTOR! CONTENT 

Met hoc! 

Core method, with oven drying. 

Laboratory Procedure 

The tielc! weight of the eoil eample ie determined ae soon ae 
possible attar the sample is removed from the packing container. 
The tare ot the ring which hole!• the sample, •• well •• the •••• 
ot the cape tor the enc!a of the ring, are determined. The volume 
ot soil in the sample ring ie_alao calculated. Atter all specifi
ed analyses have been performed on the sample, the sample is 
removed trom ita ring and spread in an aluminum pan. When 
necessary, soil aggregates are broken up by motar and peatal • 
Care is taken not to change the natural particle aize distribu
tion. The sample is placed in a convection oven at 110° C tor at 
least 24 hours until dried to a constant weight. 

Calculations 

The ini,ial moiature content is determined on a percent . 
volume baai•~-.... rcUng to: 

(%vol) (8) 
where ei • initial moisture content (' vel), M 1 • initial mass 
of soil only (g), M f • tinal mass ot soil only (g), v T • total 
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volume ot eample (cc), P• density ot pore tluid in the eoil when 
initial mass waa determined (g/ee). The density ot the pore 
tluid initially present in the aample ia aaaumed to be 1.0 g/ee. 

--.: 
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BULK DENSITY 

Method 

Core method, with oven drying. 

Laboratory Procedure 

The volume of the soil sample is determined from sample 
geometry measurements, and the sample is dried in the oven at 

110 C until no additional mass lose occurs. 

Calculations 

(g/cc) (8) 

where Pb • dry bulk c:lensi ty ( ;/cc) , M 
0 

• maaa of oven clriec! soil 

sample (g), V T • total volume of soil sample (cc) • 

.. 
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POROSITY 

Method 

Calculated trom oulk density and measured or aeaumed value• 
of particle density. 

Laooratory Procedure 

Bulk deneity, Pb, ie determined oy oven drying, ae deecrioed 
in the eection outlining the bulk deneity determination. ror 
thie eerie• ot analyeee particle deneity, p

8 
, ie aeeumed to oe 

a.ee g/cc. 

Calculation 

(percent) (10) 
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UNSATURATED HYDRAUtiC CONDUCTIVITY 

Method 

Mualem C 1976 ) deacri bed the theoretical baaia to'Z' a proce
dure uaed to eatimate unaaturated hydraulic conductivity trom the 
aoil•water releaae curve according to the following equational 

Jt • s i[ 
r • 

where Kr. • relative 

s (1 ~0•1/h(x)dx/ )
0

1/h(x) dx] 2 

hydraulic conductivity, 

---
(11) 

b • h ( S ) ia the • negative preaaure head, given here aa a tunction ot diaenaionleaa 
aoiature content: 

se • 8 - 8 I 8 - 8 r • r 
(12) 

where eubecripte • and r indicate aaturated and reaid.ual value• 
ot the aoil moiature (8). Tho expreaaion relating dimenaionleaa 
moiature content to the preaaure head, and thua the aoil moiature 
releaae curve ia given by: 

se • [ 1/1+(ah) "] 11 
11 • 1 - 1/n (13) 

where a, and n are obtained by a non-linear leaat aquaraa 

numerical meaaured moiature retention data 
uaing the by Van aenuchten (1t78). 

Laboratory p~ooed~e 

The data input to the comput•r model or Van aenuchten (1t78) 
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conaiata· of the eaturated mciature content, rocidual moiatura 

content and valuea ot obaerved prea~ur~ haa4 VQraus moiatura 

content. The reaidual moiature content ia taken to be the 

moiatura content at -1~ bara. The paired value• ot obaerve4 

praaaura head and moiatura content are obtaine4 aa 4eacrioad 

under the prcce4uraa fer determining moiature retention by the 

hanging column and preaaura plata methoda. Sa~rate4 moiature 

content ia determined through gravimetric meaaurementa an4 aample 

gaomatzoy. · 
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