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1.0 INTRODUCTION 

Technical Area 16 Area P (TA-16 Area P) at the Los Alamos Na

tional Laboratory (LANL) has been used since the 1950's as an in

dustrial landfill to dispose of residues resulting from burning 

high explosive (HE)-contaminated equipment and trash. The land

fill is regulated under New Mexico Environmental Improvement Di

vision's (NMEID) Hazardous Waste Management Regulations (HWMR) 

because residues containing barium in excess of EP toxicity lim

its (D005) have been placed in the landfill after 1980. 

The recognition that Area P was a regulated hazardous waste land

fill occurred in September 1984, when two of six samples of the 

TA-16 thermal treatment residues were found to be in excess of 

the EP toxicity limit for barium. Infrequent waste disposal op

erations at Area P were discontinued shortly thereafter and have 

never resumed. The late discovery of the landfill's regulat9ry 

status, and its existence prior to the Resource Conservation and 

Recovery Act (RCRA) have complicated compliance with interim sta

tus regulations. In addition, the TA-16 Area P landfill was 

never included in any RCRA Part A or B permit applications, or 

Part B permit revisions. Furthermore, LANL has chosen not to 

certify ground-water compliance at the landfill. Consequently, 

LANL was required under loss of interim status provisions to sub

mit a closure and post-closure plan. Thus 40 CFR Part 265.1(b) 

applies, and dictates that applicable Part 265 closure and post

closure responsibilities be fulfilled. Hence, interim status 

closure and post-closure guidelines were originally followed for 

the TA-16 Area P landfill, even though this area did not enjoy 

interim status. 

It is now recognized that once the Part B RCRA permit for LANL is 

issued, then the Area P landfill will be subject to applicable 40 

CFR Part 264 closure and post-closure requirements, even though 
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Area P has not been explicitly included in the Part B applica

tion. Hence this closure plan has been modified to reflect these 

changes. These modifications are submitted with the intent that 

a smooth transition of applicable regulatory requirements and ap

propriate LANL responses occur automatically without further ac

tion by either the NMEID or LANL. Data from the proposed ground

water monitoring program will be initially collected under in

terim status standards, and analyzed as detailed in Appendix F. 

This information will be used to decide which Part 264 Subpart F 

program (i.e., detection monitoring, compliance monitoring, or 

corrective action) should eventually be followed once LANL's Part 

B permit has been issued by NMEID. In effect, the proposed 

ground-water monitoring program fulfills interim status require

ments, but is actually a detection monitoring methodology that 

will eventually be required under Part 264 Subpart F. 

LANL has conducted a detailed land survey of Area P and comp~ed 

the survey with the previous land survey to determine the extent 

of the landfill. The probability of the presence of hazardous 

constituents in the landfill was assessed by determining the use 

of regulated chemicals at the site. The geology and hydrology of 

Area P have been investigated by conducting surface surveys and 

by consulting literature. The closure plan presented is based on 

current knowledge of the site. Additional sampling and survey 

work is in progress and more will be performed to formalize the 

detailed closure design and contractor bidding documents. Should 

this work indicate the need to change the closure plan, the plan 

will be amended. 
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2.8 TA-16 AREA P DESCRIPTION 

TA-16 Area P is located in a saddle of a short, eastern-trending, 

narrow mesa. The saddle is near the south rim of Canon de Valle, 

just north of the TA-16 thermal treatment area's pad number 387. 

Figure 2-1 shows a recent land survey conducted to characterize 

Area P. This survey was compared to a pre-landfill survey to 

determine the area influenced by the landfill, as shown on Figure 

2-2. Cross-sectional views of the landfill are shown on Figure 

2-3. The general area impacted is a half-ellipse, roughly 179 

feet in north-south dimension and 499 feet in the east-west di

mension. Within this area are two areas of fill, one to the west 

and the second to the east. The estimated landfill volume is 

13,999 cubic yards. 

Landfilling progressed from west to east. The west portion was 

closed by leveling the landfill and covering with dirt. The 

leveling overflowed the rim in the northwest quadrant of Area P, 

as witnessed by the elevation changes determined by the survey. 

As shown in the cross-section (Figure 2-3), most of the wastes 

are located on the steep canyon slope. The landfill depth at the 

rim is 12 to 14 feet, thinning both to the south and down the 

slope to the north. While Figure 2-2 shows a disturbance back to 

the 7459 ft. elevation, much of the elevation change is only one 

foot and is probably the result of leveling the site, not of 

waste burial. The cross-section indicates that deposition of 

wastes reaches only 39 to 49 feet back from the rim, extends down 

the slope, and does not reach the canyon floor. Large items, such 
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as blocks of foundation concrete and pieces of structural steel, 

did roll to the canyon floor. A few empty cans were found on the 

canyon floor. These and other metal items on the canyon floor 

have probably been there for a number of years because they are 

rusted and weathered. 

The west portion of the landfill has revegetated with grasses, 

wild rose, wormwood, and oak brush. Further information for a 

vegetation survey of Area P can be found in Appendix A. Based on 

a visual survey, the slope is stable.t There are occasional pro

trusions of concrete rubble~ pipe, and steel, which aid in bind

ing the mass. The site shows no evidence of slippage or signi

ficant erosion, as would be shown by gully formation or silt 

deposition at the canyon floor. 

The east landfill area was the active portion of the site. Fill 

has progressed from south to north with cover dirt being spread 

as the fill advanced. Wastes on the north face are exposed. The 

covered portion has no appreciable vegetation, and, as shown on 

Figure 2-1, surface drainage cut~ through this portion of the 

landfill. The cross-section in Figure 2-3 indicates that the 

wastes in the east portion of the landfill are on a bench and 

have not overflowed the bench rim. 
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A geologic and hydrologic description of the site, based on 

available literature and surface surveys, can be found in Ap

pendix B, and includes geologic and soil profiles and subsurface 

hydrology of the site. 

The definition of the landfill is based on what is considered to 

be a pre-landfill survey (Figure 2-4). Unfortunately, this map 

is not dated, but is thought to be at least pre-1965. Further 

searches for older maps, as well as verification of this map by 

discussions with area personnel, has been unsuccessful in 

determining the accuracy of Figure 2-4 as the pre-landfill map. 

The closure plan herein submitted requires the drilling of multi

ple test holes and monitoring well. Most of this work was com

pleted in September 1987; details are shown in Appendix D. Sev

eral additional neutron moisture log test holes may be required 

in the alluvium and underlying tuff of Canon de Valle immediat~ly 

adjacent to the Area P landfill. These additional neutron mois

ture log test holes may be installed to further define the behav

ior of moisture in the subsurface of the canyon floor if monitor

ing wells are consistently dry. Placement will probably be adja

cent to existing valley floor monitoring wells. 

2.1. Land Use 

The Los Alamos National Laboratory site covers about 111 km2 

(27,500 acres) in and adjacent to Los Alamos County and includes 

32 active Technical Areas (TA) involved in research and develop

ment of advanced technology. 

The communities closest to the Laboratory facilities are Los 

Alamos, which is just north of the Laboratory, and White Rock, 

located a few miles to the east-southeast. The total population 

of Los Alamos County is between 19,000 and 20,000. Most of Los 
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Alamos County, as well as adjoining portions of neighboring San

doval, Rio Arriba, and Santa Fe Counties, is undeveloped. The 

only significant development in Los Alamos County is within the 

Laboratory facilities and the associated residential communities. 

Large tracts of land in the Jemez Mountains, which lie to the 

north, west, and south of Los Alamos, are held by the u.s. Forest 

Service and the National Park Service. 

Area P is located in TA-16, along the western end of the Labora

tory property. TA-16 has been involved in the development and 

testing of explosives since the 194~'s. Because HE tests have 

occurred in the area, the Federal Government will control the 

area in perpetuity and the general public will not have access. 

The Los Alamos townsite is roughly 2.5 miles north-northeast 

of Area P and White Rock is 6.5 east of Area P. 

2.2 Weather 

Los Alamos has a semiarid, temperate mountain climate. Average 

annual precipitation at the Los Alamos Townsite is approximately 

45 em (18 in). Forty percent of the annual precipitation comes 

as thunderstorms in July and August, and the remaining 

significant precipitation comes as snowfall from winter storms. 

The 1~~ year, 24-hour rainfall event is about 1~ em (4 in) for 

Los Alamos. 
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Additional precipitation frequency data can be found on Table 

2-1. Precipitation pH ranged from 4.4 to 6.7 in 1984. The aver

age precipitation pH reading is 5.7. Individual precipitation 

quality data is published annually in the.report Environmental 

Surveillance at Los Alamos (Los Alamos National Laboratory, 

1985). 

Summers are generally sunny with moderately warm days and cool 

nights. Maximum temperatures are usually below 32·c (90"F). 

Night temperatures in the summer generally drop below 16·c 

{60"F). Winter temperatures can range from -10· to 10·c {20 to 

50"F) during the day. (Los Alamos National Laboratory, 1985) 

Annual wind rose (1983 data) for Los Alamos is shown in Figure 

2-5. The major wind component is from the west-northwest. 

2.3 Wells 

The location of supply wells and supply galleries relative to 

Area P, as well as the locations of test wells, springs, obser

vation holes, and surface water sampling stations are shown in 

Figure 2-6. The nearest downgradient wells are PM-2 (No. 90) and 

PM-4 (No. 92), approximately 3.5 miles east of the landfill. 

Data on these wells, as well as other wells in the same area, is 

shown on Table 2-2. (Purtymun 1984) 

2-5 



The Water canyon Gallery, a spring, is located one mile west of 

Area P. This spring discharges from perched layers in the tuff 

in Upper Water canyon and furnishes part of the water supply for 

TA-16 (Purtymun 1975). 

The depth to the main aquifer below Area P is 1230 feet. The rela

tionship of the main aquifer to Area P is described in the geo

logy and hydrology report in Appendix B. The landfill is under

lain with moderately welded and unwelded Bandelier Tuff. 

2.4 Surface Drainage 

Surface drainage from the landfill area is to Canon de Valle, 

which drains to Water Canyon, ultimately discharging to the Rio 

Grande six miles to the east. Further information on surface 

drainage is given in Appendix B. 

Surface flow in Canon de Valle is intermittent due to the small 

drainage areas on the flanks of the mountain. The stream bed at 

Area P has some flow from industrial process waste water dis

charged upstream under a NPDES permit. The alluvium in the can

yon is thin, and perched water in the alluvium fluctuates with 

the amount of runoff. There are no wells producing alluvium

perched water in either Canon de Valle or Water canyon, nor is 

the surface water downstream of TA-16 in Water Canyon used for 

drinking water supply or agriculture now or in the foreseable 

furture. 
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2.5 Security 

TA-16 is a weapons research facility and is not open to the pub

lic. Access to the area offices is limited to personnel with 

security clearances. Access to burn pads and Area P is limited 

to personnel working in the area, and all other vistors must be 

escorted by TA-16 personnel. The area is fenced and partolled by 

the Laboratory Security Force. 
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RE'!URN 
:reRIOD 

Tr 15-MIN 
(YEARS) P1s 

2 9.56 
5 9.72 
19 9.82 
25 9.95 
59 1.07 
199 1.19 

TABLE 2-l 

PRECIPI'l'ATIOR PRI!QOEIC! ESTIMM!:S !OR 
·za; ALAICS, .. Nllf MBXICD · . . 

(186• 19 w,-35• Sl-'N,·J!U'Vld'IOR74ll P'l') 
PlOI PRECIPITATION FRI!QtJEIC! .MLi\8 

•QA .ATLAS-2• (MILLER, ET. · AL. 1973) l 

FSI'IMATED RAINFALL IEPI'HS IN INCHES FOR TBE 
GIVEN TIME :reRIOD AND THE GIVEN RE'IURN :EERIOD 

39-MIN 69-MIN 2-BR 3-BR 6-BR 24-BR ANNUAL2 

P3g P6a p2 p3 p6 p24 PA 

9.77 9.98 1.11 1.29 1.36 1.76 17.99 
1.99 1.26 1.42 1.53 1.74 2.32 24.96 
1.13 1.43 1.62 1.75 2.99 2.67 25.7j 
1.31 1.66 1.89 2.94 2.32 3.14 27.93 
1.49 1.88 2.13 2.39 2.61 3.57 29.9 
1.64 2.98 2.36 2.55 2.99 4.99 39.24 

1. SOurce: Miller, J.F, Frederick, R.H., and Tracey, R.J. 1973. OOM Atlas-2, 
•precipi tation-Frequency Atlas of the western United States, Volume IV-New 
Maxi co, 11 U.s. ~pt. of Comnerce, OOM, National Weather Service, Silver 
Spring, MD. 

2. SOurce: Abeele, w. v. , Wheeler, M. L. , and Burton, B. w. 1981. "Geohydrology 
of Bandelier Tuff 11 Los Alamos National Laboratory report, Manuscript in 
press. 

3. InteqX>lated values. 



TABLE 2-2 

WELLS ~lENT or AREA P 

Municipal Wells 

Identification 
Drawing No. 
r:ate of Completion 

Construction 

Elevation of LSD {ft) 
~pth Drilled {ft) 
~pth Completed {ft) 
Diameter {in) 

water Levels 

r:ate 
~pth below {LSD) {ft) 
Elevation {ft) 

Pquifer 

Formation 
saturated thickness {ft) 

Yield 

r:ate 
Rate {gpm) 
Drawdown {ft) 
Specific capacity {gpm/ft) 
Field Coefficient of 

Permeability {gpd/ft2) 

FM-1 
89 

1965 

652~ 
25~'1 
2499 

12 

1982 
748 

5772 

PM-2 
90 

1965 

6715 
2690 
2309 

14 

1982 
874 
5841 

FM-3 
91 

1966 

6640 
2552 
2552 

14 

1982 
762 

5878 

PM-4 
92 

1981 

6920 
2920 
2875 

16 

1982 
1947 
5873 

Puye Conglomerate-Tesuque Formation 

FM-5 
93 

1982 

7095 
3120 
3093 

16 

1982 
1208 
5887 

1751 1426 1790 1828 1885 

1982 
589 

22 
55000 

31 

1982 
1386 

69 
49090 

28 

1982 
1492 

23 
329090 

179 

1982 
1473 

49 
44000 

24 

1982 
1225 

144 
19990 

5.3 

1. Source: Purtymun, W. D. , 1984, ijydrologic Characteristics of the Main 
oouifer in the Los Alaroos &ea: Development of Ground Water SlJP.Plies, Los 
Alamos National Laboratory Report IA-9957-MS UC-11 
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3.8 WASTE DESCRIPTION 

TA-16 Area P is a regulated landfill because it has been used for 

disposal of residues that exceed the EP toxicity limit for bari

um. BE-contaminated wastes and equipment are burned on sand 

covered pads at TA-16. The sand is removed after the burn and 

placed in the landfill. Six samples of pad sand, as well as 

filter vessel sand, were analyzed. Two of the samples, from pad 

388 and pad 399, exceeded the EP toxic limit for barium of 1~~ 

milligrams per liter (mg/1), with concentrations of 28~ mg/1 and 

145~ mg/1, respectively. 

The source of barium in the residue is barium nitrate used in the 

formulation of some HE. The concentration in the pad sand varies 

with the barium nitrate concentration in the BE and the BE 

concentration in the waste. 

There is very little documentation of the types or quantity of 

wastes landfilled at Area P. The site was initially used in the 

early 195~'s to dispose of burned equipment that had been HE

contaminated and rubble from building demolition. Known wastes 

include concrete rubble, structural steel, burn pad sand, burned 

equipment and empty solvent cans. 

The procedure for handling BE-contaminated equipment was to dis

assemble and clean the surfaces as well as possible. The equip

ment was then taken to the burn pad and flashed, along with other 

combustible material needed to support the fire. After the burn, 
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the equipment was inspected and determined to be free of BE. 

Considering the hazard associated with BE, the burned equipment 

was buried at Area P, rather than salvaged or shipped to an off

site landfill, to protect the public in case any BE residue had 

not burned and was not found during the final inspection. Equip

ment buried at Area P includes several large items, including two 

trucks and large pieces of concrete rubble from building demo

lition. 

Empty solvent containers have been landfilled at Area P. A ma

jority of these containers consist of quart metal cans and glass 

bottles. Larger containers, as large as 55-gallon drums, have 

been landfilled. During a site inspection, an empty acetone and 

an empty methanol can were found in the landfill. Both acetone 

and methanol are regulated as ignitable wastes. 

found were empty as defined by the regulations. 

Both containers 

3.1 Bazardous Constituents Used in BE Production and Testing 

A survey has been conducted in an attempt to determine the 

possibility of other regulated constituents being landfilled at 

Area P. Copies of the 49 CFR 261 Appendix VIII (NM BWMR 291 

Appendix III) hazardous constituents were distributed to chemists 

and researchers involved in BE development and manufacturing, who 

noted which constituents were used. 
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Bazardous constituents used as components of BE, as determined by 

this survey, are shown in Table 3-1. The major hazardous compon

ent is barium, used as barium nitrate, to control the explosive's 

detonation rate. 

Beryllium is used in propellants, and is not expected to be pre

sent in the landfill in appreciable quantities, because propel

lants are not burned at the TA-16 burn pads. Because beryllium 

waste is only regulated as beryllium dust (4B CFR 261.33 (e) -NM 

HWR 2Bl.C.4.e), its disposal in the landfill is not subject to 

the regulations. Lead azide is present in commercial detonators, 

which have been occasionally used in test detonations. Scrap 

detonators are not burned but are detonated at a scrap detonation 

site, and therefore, very little lead azide would have been in

cluded in the wastes burned on the pads. Lead may have been in

cluded in waste burning as elemental lead or solder occurring as 

parts of the equipment burned. 

Thallium azide was used in experimental BE. The use of thallium 

was discontinued 25 years ago. 

Of the metals used, barium represents a significant risk both in 

the quantities that could occur in the landfill and solubility of 

the barium compounds. Both barium nitrate and the product of 

combustion, barium oxide, are soluble in water. The remainder of 

the metals and their oxides are not appreciably soluble. 
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I I. 

Hazardous organic constituents used as BE components are also 

listed in Table 3-1. Because BE-contaminated wastes are burned 

before disposal, these constituents are destroyed and do not 

present a risk to the environment. 

Hazardous constituents used as laboratory chemicals or used in BE 

manufacture, other than as an BE component, are listed in Table 

3-2. The metals listed are small volumes and would not be in

cluded in a burn in Area P unless they were contaminated with BE. 

Organic hazardous constituents listed in Table 3-2 include sol

vents used for cleaning and used to glue plastic parts. All of 

these organics would be burned and only the residue put in Area 

P. 

3.2 Potential Risks from wastes 

While BE-contaminated equipment was burned and inspected before 

it was landfilled, there is a potential safety risk of the pres

ence of very small quantities of confined BE. This risk is com

plicated by the early operation of the landfill and the lack of 

records. Even though current operating procedures prevent the 

burial of BE, there is no guarantee that BE wastes were not bur

ied during the earlier operation, for which there are no records 

or operator memory. Therefore, disturbing the landfill does pose 

a risk resulting from a lack of knowledge. To avoid the immed

iate risk to personnel closing the site, movement and drilling of 

the wastes will be limited. 
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As previously stated, the Federal Government will maintain 

control of the landfill in perpetuity, thus limiting future access 

to the public. Disturbance of the landfill waste is further 

limited by notice to local land authority, required by 40 CFR 

264.119 (NM BWMR 206.C.2.j.). 

Of the metals suspected to occur in the landfill, only barium 

presents a significant risk because of the potential quantity and 

its solubility. 

The risk of regulated organics being in the landfill is small. 

Most organic constituents are burned before disposal. The major 

introduction of organics would be through the inclusion of empty 

containers. Most containers included were small containers emp

tied by hand pouring. Partially filled containers contaminated 

with BE were emptied, and the organics and cans burned separate

ly. Uncontaminated, partially-filled containers were handled by 

BSE-7. Past practice did not provide for immediate covering of 

waste. The more volatile organic compounds in the containers 

would have evaporated before coverage. There is no evidence of 

acutely toxic wastes at Area P. 

If left undisturbed, the major risk from the landfill is the 

leaching of barium. The depth to ground water is 1230 feet 

through 800 feet of unsaturated tuff. 

by welded and moderately welded tuff. 

The landfill is underlain 

The saturated hydraulic 

conductivity for a moderately welded tuff ranges from 0.1 to 1.7 

3-5 



ft/day, while that of welded tuff ranges from 9.999 to 9.26 ft/day. 

Assuming no tuff joints form a conduit to the main aquifer, the 

potential risk of leachate reaching the aquifer is small. While 

not probable, a joint penetrating several layers of tuff and 

forming a direct conduit is possible. Generally these joints are 

filled, particularly at the surface, with clay weathered from the 

tuff, effectively sealing the joint. 

A greater risk for migration of waste is into the water in Canon 

de Valle. The landfill overflows the canyon rim and overlays the 

canyon rim topsoil that interconnects to the canyon alluvium. 

There is no conductivity information available for the landfill. 

Given the low conductivity of the tuff, it is probable that if 

formed, leachate would migrate down the rim face to the alluvium. 

Leaching of barium to the alluvium is judged to be the only major 

pathway of waste migration. 

The impact to human health from barium released to the alluvium 

does not present an environmental or public health threat. Bar

ium is not acutely toxic, having an EP toxicity maximum concen

tration of 199 milligrams per liter (mg/1) compared to 9.2 mg/1 

for mercury and 5.9 mg/1 for lead. Because there is no benefic

ial use for the perched water in Canon de Valle or Water Canyon, 

the barium would have to move to the Rio Grande to present a 

threat to human health. Movement down the canyons would result 
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from storm or snow runoff, both affording dilution. Further 

dilution would occur when the canyon runoff joined the Rio 

Grande. 

A low probability of volatile organic wastes exists in the land

fill and there are no gas producing wastes, because a majority of 

the waste buried has been burned. Gas and vapor evolution and 

migration from the landfill is not a problem. 
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!fABLE 3-1 

BAZARIXXJS <XI1S'fi'1'DER'l'S 
261 Cftl APPENDIX VIII" (NM. BNMR ·211· APPENDIX III) 

usa> AS HIGH EXPLCSIVE ~ 

Barium 
Berylliun 
Lead 

Thallium 

QRGMICS 

Cyanogen 
2,4 Dini trotoluene 
2, 6 Dini trotol uene 
Di -n-octy 1 I:ilthalate 
Di-I:ttenylamine 
Bydrazine 
Nitroglycerine 
Nitrosamine 
Tetranitromethane 

Barillll nitrate used in explosives. 
Used in some pro~llants. 
Lead azide used in some ccxnmercially supplied detona
tors-not common 
'lhallium azide used in some experimental explosives but 
use was discontinued 25 years ago. 

CDMMENTS 

Handled as a gas 
Discontinued 30 years ago 
Discontinued 30 years ago 
Used as plastcizer in PBX 

Used during W.W.II 



DIU 3-2 

BAZARIXXJS <DR8l'l'roEI!1TS 
261 OR APPBRDIX VIII (tl4 .IIIR 28l.APPENDIX III) 

USED IN 'l'BE BIGB BXPLC6IVE AREA 

Antimony 
Arsenic 
calcium Chromate 
cadmium 
Olromium 
Mercury 
Nickel 
Silver 

ORGMICS 

Acetonitrile 
Benzene 
Brananethane 

Used in batteries, etc. 

Used in measurement equipnent 

Used in silver solder 

Used as a solvent 
Used as a solvent in small quantities 

Used as a solvent, >lee grams/yr. carbon disulfide 
Chlorinated benzene 
Clllorinated fluorcarbon 
Chloroform 
Creosote 
Dibranoethare Used as a solvent 
Dichlorodifluoranethane 
Dini tranethare 
Di:filenylamine 
Formaldehyde 
Formic acid 
Bexachloro};hene 
Isobutyl alcohol 
Methyl ethyl ketone 
Methyl methacrylate 
Nitrobenzene 
Pyridine 
Tetrachloroethane 
Tetrachloromethane 

Toluene 
Trichloroethane 
Vinyl chloride 

Used as a sol vent 
Used as a solvent 
Used in small quantities as a plexiglass solvent 
Used as a solvent 
Used as a solvent 

Used as a solvent, discontinued use in 198e, >lee 
grams/yr 
Cleaning solvent, >lee grams/yr 
Used as a solvent 
Used as adhesive 



4.0 CLOSURE 

The interim status closure and post-closure regulations require 

that the owner or operator close a facility in a manner that 

"controls, minimizes or eliminates, to the extent necessary to 

protect human health and the environment, post-closure escape of 

hazardous waste, hazardous waste constituents, leachate, contami

nated rainfall, or waste decomposition products to the ground or 

surface waters or the atmosphere" ( 40 CFR 264.111 - NM HWMR 

206.C.2.b(2)). The landfill location and lack of a bottom liner 

excludes a closure plan that completely prohibits migration. 

The proposed closure and post-closure plan herein presented is 

designed to minimize soluble barium or other potential contami

nant migration through the control of sediment erosion and subse

quent surface transport. In addition, the landfill cap and vege

tation cover will control deep percolation to the subsurfape. 

Extensive landfill subsidence survey monitoring, frequent site 

inspections, vadose zone characterization, subsurface moisture 

content monitoring, and, when present, ground and surface water 

quality analyses will be conducted. These activities are being 

performed to substantiate the unlikely occurrence of surface and 

subsurface contaminant migration should it occur. 

The major components of the closure plan are: 

o Run-on control to minimize erosion, 

o stabilization of the "active" portion of the landfill, 

o Capping of the "active" portion of the landfill, 
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o Moisture measurement and leachate collection for the entire 

landfill, and 

o Ground-water monitoring in the alluvium of Canon de Valle and 

surface water monitoring in Canon de Valle. 

4.1. Closure Considerations 

The west (retired) portion and the east (active) portion of the 

landfill will be closed separately reflecting the difference in 

the disposition of the fills. 

_l 
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4.1.1 West Portion-Closure 

As shown in the landfill cross-section (Figure 2-3), most of the 

wastes buried in the west portion of the fill are located on the 

slope. The Laboratory has elected not to place an additional 

cover on the area, but to install adequate monitoring to 

demonstrate that this portion of the landfill does not present a 

threat to human health or the environment. Monitoring consists 

of a system of leachate collection and neutron probe test holes 

installed to determine the potential for leachate formation and 

the quality of the leachate formed. The decision for this ap

proach is based on the following considerations. 

o Risk - Although remote, a potential and immediate detonation 

risk is associated with earth moving at Area P. The construc

tion of a retaining wall or cover on the west portion of the 

landfill would require relocation of a large percentage of 

the landfill, thus exposing personnel to the detonation risk. 

o Barium Migration - According to the inspection, the east 

(active) portion of the landfill obviously contains a large 

quantity of burn pad sands. The west (retired) portion con

tains a larger portion of building rubble, as evidenced by 

the material at the bottom of the canyon and protrusions 

along the slope. Further, the waste in this area is a thin 
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layer, the thickest portion being only 12 to 14 feet deep. 

The barium, if leachable, may have already leached out or may 

have reached an equilibrium in this portion of the fill. 

o Stability - Inspection shows that the slope on the west 

(retired) portion has stabilized and revegetated. All meth

ods considered to improve the stability of the slope, such as 

a retainer wall, a concrete blanket, and a sloped cap, re

quire extensive earth work on the slope. The earth work 

would result in temporary damage to the existing soil cover. 

Major storms occurring during construction would pose a risk 

that the slope could shift before the retaining structure was 

completed, or that the disturbance could cause a greater 

potential for barium migration during construction than if 

the site was left undisturbed. 

o Cap and cover structure - While a cap could be placed on 

the horizontal section of the west portion, the cross-section 

shows that the cover would protect only a small percentage of 

the waste, because most of the wastes are located on the 

slope. 

The slope varies from 3~ to 45 degrees. A retaining wall 

located to protect a major portion of the waste must be 80 to 

100 feet tall. The foundation would require extensive dig

ging and relocation of the waste at the bottom of the slope. 
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Although technically more feasible, a concrete blanket would 

still involve disturbance of the landfill slope and the risk 

of greater barium migration during construction. 

Clay and/or fabric liners are not practical in that they must be 

covered and revegetated. Revegetation of the steep slope is dif

ficult. Reducing the slope would extend the base of the cap into 

the canyon flow where erosion could undercut the cap soil cover. 

Given these considerations, less risk to human health and the 

environment is posed by leaving existing cover on the west por

tion and controlling leachate, if any is formed. 

4.1.2 East Portion-Closure 

The east (active) portion presents other problems. The face of 

the waste fill is unstable, and is subject to inflow of water, 

demonstrated by sink holes in the waste and natural drainage 

through the fill. The recent use of this area for pad sand fill 

indicates that high levels of barium may be present, causing a 

potential migration problem. This area will therefore be stabil

ized with a concrete blanket and a cap. 

4.2 Surface Run-on Control 

As shown in Figure 2-1, the existing surface drainage is through 

the active portion of the landfill and includes surface drainage 

from the northside of the access road to the site. The road 

drainage will be diverted by adding fill between pads 386 and 

4-4 



387, as shown on Figure 4-1 to divert the flow under the short 

acess road to Area P and around the site. A concrete interceptor 

channel will be installed to divert the remainder of the surface 

drainage around the landfill. The location of the channel is 

shown on Figure 4-1 and channel details are shown on Figure 4-2. 

The channel is sized to handle the 24-hour 199-year rainfall 

event. Calculations are given in Appendix c. 

4.3 Concrete Blanket Construction 

As previously discussed, no additional stabilization is planned 

for the west (retired) portion of the landfill. Current cover 

and revegetation are considered adequate. The face of the east 

(active) portion will be stabilized with a concrete blanket. The 

location of the blanket is shown on Figure 4-1 and a cross

section is shown on Figure 4-3. 

The face of the landfill will be prepared by pushing back the 

wastes that have slumped and over-rolled. The face will then be 

covered with a select fill to straighten the face and provide a 

minimum of 12 inches of cover. The fill will be placed in 6 inch 

lifts and compacted to 99 percent of proctor per ASTM-1557. 

The compacted select fill is overlain with 6 inches of 1 to 1 1/4 

inch crushed-washed gravel to serve as a drainage layer. A 2-

inch SDR 13.1 (schedule 49) high-density, polyethylene (BDPE), 
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perforated drain pipe is set in the gravel at the inside base of 

the wall to collect water. This pipe provides leachate collec

tion and will drain through the wall to a sump. 

The ideal slope of the finished landfill is 3e degrees and the 

slope will not exceed 33 degrees. Reinforcing steel is set on 

the gravel and the outside of the 16-inch thick wall is formed. 

The form is then filled with 3e00 psi Portland concrete. This 

construction forms a concrete blanket rather than a retaining 

wall. The weight of the blanket against the slope provides sta

bilization of the landfill face. The base of the blanket toes a 

minimum of 4 feet into the undisturbed tuff to keep the base from 

kicking out. 

Details for reinforcing and joint forming will be prepared as 

part of the construction bid package. 

The west end of the wall turns back into the east portion of the 

slope and may result in disturbance of a small portion of the 

slope cover. Disturbed areas with soil slopes greater than 5 

percent will be covered with rip-rap to prevent erosion. 
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4.4 Leachate Collection 

Leachate collection for the west (retired) portion of the land

fill will be provided by two leachate interception trenches. The 

locations of the trenches are shown on Figure 4-4 and a cross

section of the interception trench is shown on Figure 4-5. Both 

trenches drain to a collection tank. 

The collection tank is a 550-gallon fiberglass tank (4.3 ft 

diameter by 6.45 ft overall length) mounted in a subsurface 

concrete vault. The tank will be mounted a minimum of 4 feet 

below the surface and the concrete vault packed with insulation 

to prevent freezing. The top of the vault will be sealed against 

weather. The tank has tight sealing gauge ports and will be 

vented through a pipe up the slope to prevent inflow of water 

should the canyon flood. The tank will be equipped with a sump 

pump capable of delivering 20 gpm at 150 feet of total developed 

head (nominally 2 hp). Two separate level switches will be 

provided on the tank. One will activate the sump pump when the 

tank is half full and shut the pump off just before the level 

reaches the pump suction. The second level switch will operate a 

warning light mounted on a pole 10 feet high on the canyon rim, 

visible from the access road and the burn pad control house. The 

warning light will have a manual switch to allow testing of the 

bulb. 
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The sump pump will discharge through a two-inch SDR 13.1 BDPE 

pipe to a combination surge-evaporation tank located at the end 

of the access road. The 1769-gallon capacity tank has an open 

top and is 19 feet in diameter by 3 feet deep. The walls are 19 

ga. steel coated internally with 5.5 mils vinyl (Plasite 2441-

2442-2443 or equal) and externally primed and painted. The tank 

is set on a 25 feet by 25 feet concrete pad with 6-inch curbs 

Figure 4.6). 

The sump pump is installed without a discharge check valve and 

the discharge line is sloped to drain back to the collection tank 

(approximately 35-gallon drain back). The line is supported on 

sleepers. The maximum unsupported length is 19 feet. Liquid in 

the tank will evaporate. Should liquid accumulate faster than 

can be evaporated, the excess will be hauled with a vaccum truck 

to TA-59-1 for treatment or to Area L for evaporation. 

Leachate collection for the east (active) portion of the landfill 

consists of a 6 inch gravel drainage blanket between the finished 

slope cover and the concrete blanket. A 4-inch perforated pipe 

in a gravel-packed bed is located at the base of the wall and 

slopes from the east end of the wall to the west end. The aver

age slope of the drain line is 5.5 degrees and is limited by the 

slope of undisturbed tuff, which determines the location of the 

concrete blanket base. The drain line exits the wall at the west 

end and ties into the east end of the leachate interceptor 

trench. It is desirable to be able to isolate the leachate from 
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the east and west sections to be able to observe where leachate 

is coming from, should it accumulate in the sump. The line out

side the concrete blanket will be provided with a plastic ball 

valve and a pipe section installed with unions, to allow removal 

of the pipe section for inspection, sampling, and flow measure

ment. The exposed line will be enclosed in a galvanized insulat

ed metal shelter to inhibit freezing of the line. It is not 

practical to bury the perforated drain at the bottom of the con

crete blanket below the frost depth, but leachate flow will stop 

during extremely cold weather and the risk of freeze damage to 

the external pipe from the east portion to the east interceptor 

trench is low. 

4.5 cap Design 

To avoid disturbing the existing vegetation cover, no additional 

cap work will be performed on the west (retired} portion of the 

landfill. 

A designed cap will be placed on the east (active} portion of the 
i 

fill. The cap consists of the following components listed from 

bottom to top: 

o additional compacted fill to level the landfill surface, 

o 24 inches of compacted clay to impede infiltration, 

o a 4e-mil BDPE fabric liner to impede infiltration and act as 

a biobarrier, 

o BDPE drainage layer to promote drainage off the liner, 
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o a geotextile filter fabric to separate the upper sand layer 

from the drainage layer, 

o 12 inches of clean washed sand to promote drainage from the 

liner, 

o a geotextile filter fabric to separate the sand from the soil 

cover, and 

o a 36-inch soil cover to support vegetation. 

A cross-section of the cap is shown on Figure 4-7. The extent of 

the cap cover is shown in Figure 4-8. The depth of the cap 

represents a balance between the layer thickness needed 

to minimize infiltration, and the need to minimize the surface 

elevation, to keep the concrete blanket height down. 

4.5.1 Compacted Fill 

The existing cover will be mechanically compacted to 90 percent 

of proctor (ASTM-1557). Additional fill, either crushed tuff or 

clay loam from the mesa top, will be added in low areas to bring 

the landfill to within six to seven feet of the final landfill 

cap elevation (Figure 4-8). The fill will be placed in six-inch 

lifts and mechanically compacted. The surface will be graded 

smooth and rolled to finish. 

4.5.2 Clay Liner 

A 24-inch-thick clay liner will be installed on top of the com

pacted fill. The clay will be placed in six-inch lifts and me

chanically compacted with moisture control. The type of clay 
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used will be selected in the preparation of the final contractor 

bid documents based on availability, compatibility to local 

soils, and compatibility with the wastes. The clay shall have a 

recompacted saturate hydraulic conductivity of not more than 1 x 

10-7 em/sec. The hydraulic conductivity of the clay liner will 

be verified by hydraulic testing of a test clay cover, construct

ed with the same techniques that will be used for the landfill 

cover. The hydraulic test methods to be used will be determined 

after selection of the clay. 

The clay will be free of rock, fractured stone, or debris. The 

final surface slope will approximate the finished cap slope 

(minimum 3 percent-maximum 5 percent). The clay will be graded 

and rolled to finish. 

4.5.3 Fabric Liner 

A 40-mil, high-density, polyethylene (HOPE) liner will be placed 

over the clay. Installation will be per the manufacturer's re

commendation. Seams will be heat sealed. Two seam samples will 

be taken each day during liner installation for destructive test

ing. 

HOPE is selected as a liner material because it is compatible with 

local soil and is resistant to organic solvents, should any 

residuals be left in the landfill. The area covered by 

the fabric liner is shown in Figure 4-8. The liner has the same 

slope as the clay that slopes down to the north. Details of how 
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the liner is terminated at the concrete blanket are shown on Figure 

4-3. The liner forms a trench at the wall-which is gravel-filled 

around a 4-inch, SDR 13.1, BDPE, perforated drain pipe. The drain 

pipe tees through the cement blanket on 2e-feet intervals to 

drain off water from the cap drainage layer. The south and west 

edge of the liner will be secured using an anchor trench per the 

manufacturer's recommendation. Liner venting will be provided 

per the liner manufacturer's recommendation. 

4.5.4 Drainage Layer 

A drainage layer will be constructed to remove water from the top 

of the liner. The drainage layer consists of a synthetic 

drainage net (Tensar DN-3 or equal) covered with a geotextile 

fabric filter, 12 inches of washed sand and a second geotextile 

fabric filter. The drainage layer will have a conductivity of 1 

X l a-3 / ' h ~ em sec or greater, and slope 3 to 5 percent follow1ng t e 

finished cap elevation. Drainage layer sand will meet the size 

distribution guidelines given in Draft RCBA Guidance 

Document-Landfill Systems and Final Coyer, USEPA, 7/82. 

Selection of the geotextiles is subject to final determination 

of the soil size distribution for the drainage layer and the 

cover soil. The textile specification will be defined in the 

contractor's bid package. 
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4.5.5 Cover Soil 

A 36-inch (minimum) layer of cover soil will be placed over the 

drainage layer, placed in six-inch lifts, and compacted. The cover 

soil will be either clay-loam from the mesa top or sandy-loam 

from the canyon bottom. The clay-loam is preferred because its 

compacted saturated hydraulic conductivity is lower than for the 

sandy loam, and therefore provides more protection against 

infiltration. Clay loam is known to exist in quantity near the 

site, but additional prospecting must and will be conducted to 

ensure that adequate volumes are available. 

The surface will be graded to the final contour and moderately 

compacted in preparation for seeding. The soil depth of 36 

inches was selected to minimize root intrusion and to keep the 

drainage layer below the 36-inch frost depth. 

Recommended revegetation species, fertilization practices, and 

irrigation requirements are discussed in Appendix A. The final 

selection of the seeding mix will depend on the season, avail

ability of seeds, and the soil condition. Species will be se

lected from those recommended in Appendix A. 

The topsoil will be mulched with pea gravel, applied at 6~ tons 

per acre. The pea gravel reduces erosion by interrupting sheet 

flooding and absorbing kinetic energy associated with falling 

water droplets. Seeds will be planted by drilling. A temporary 

sprinkler irrigation system will be used to guarantee adequate 
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moisture to establish the cover. Irrigation will be limited, and 

only used if more than four consecutive rainless days occur dur

ing the growing season. 

4.5.6 Quality Control 

Quality control guidelines will be developed as part of the 

contractor•s bid package because many of the specific control 

methods are subject to final definition of materials. Quality 

control testing shall follow good engineering practice for 

concrete and earth work and include, as a minimum, slump and 

strength testing for concrete work and compaction and moisure 

testing for earth fill work. 

The clay and fabric liners are recognized as critical components 

of the cap design. A test clay cap has already been described to 

ensure that the hydraulic conductivity limit is met. Constant 

monitoring of the clay and fabric liner installation will be 

provided to ensure the use of proper installation techniques. 

4.6 Monitoring 

Monitoring facilities will be provided to ensure performance of 

the landfill through the post-closure period. Monitoring 

includes: 

o sampling and anaysis of leachate collected, 

o neutron probe measurements of the tuff under the site, 

o erosion rate monitoring at several locations, 
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o ground-water monitoring of the perched water in Canon de 

Valle, and 

o surface water monitoring. 

4.6.1 Leachate Analysis 

Leachate in the collection sump tank will be sampled quarterly 

during Year One and analyzed for those metals that are character

istic of EP toxicity in accordance with 40 CFR 261.24, for 

volatile and semivolatile organics, and for other water quality 

parameters (Table F-1 in Appendix F). During Years Two through 

Thirty, this leachate will be sampled according to the appropri

ate schedule shown in Appendix F (i.e., either Table F-3 or Table 

F-6) . Analytical methods are those found in Test Methods for 

Evaluating Solid Wastes, US EPA, SW-846. 

Metals, particularly barium, are the major potential pollutants. 

Although organics will be measured, they are not expected to 

leach from the landfill. Small quantities of organics may show 

up in the leachate as the result of plastic pipe being used in 

the collection system. The importance of the organics analysis 

is to determine the presence of toxic constituents other than 

those whose source might be the plastic pipe. The leachate rate 

will be measured using a positive displacement meter on the pump 

discharge and by gauging the collection tank. 

4.6.2 Neutron Probe Moisture Analysis 

To ensure that migration of leachate into the tuff is not signif

icant, five neutron log test holes (wells P-O, P-12A, P-13, P-14, 

and P-16A) were installed during the July to September 1987 pe-

riod at sites shown in Figure D-1 (Appendix D). These neutron 

test wells were completed with 2. 5 inch I. D. aluminum casing. 

Final casing depths varied from 79 to 171 feet depending on sur

face location. Three additional boreholes (P-10, P-11, and P-15) 
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were drilled for stratigraphic correlations, but have not been 

cased yet; these boreholes may be completed as monitor wells, 

neutron moisture access wells, or redrilled at a later date. The 

five cased neutron test holes will be logged each quarter for the 

first year, and thereafter on an annual basis. 

Boreholes P-O and P-12A are intended to be background neutron 

moisture test wells; the remaining neutron log test wells will be 

used to characterize deep moisture percolation below the land

fill. A descriptive drilling or coring log for each of these 

test wells is given in Appendix D. Core samples were selectively 

recovered from multiple test holes at 5 and 10 foot intervals; 

these samples were analyzed for gravimetric moisture content, 

characteristics of EP toxicity, and volatile and semivolatile or-

ganics. None of the results from the metals analyses exceeded 

the maximum concentration of contaminants for characteristics. of • 
EP toxicity (EPA hazardous waste numbers D004 through DOll). trn 

addition no volatile or semivolatile organics exceeded detection 

limits. These data are contained in Appendix D (Tables D-2 and 

D-3) • A number of selected core segments are currently being 

tested in order to hydrogeologically characterize the vadose zone 

below the landfill. These results will be made available to the 

EID when they are completed. 

4.6.3 Erosion Rate Monitoring 

Erosion monitoring stakes will be placed at the locations shown 

in Figure 4-9. The stakes are aluminum and sunk at least 24 

inches into the top soil, protruding six inches. The soil sur

face is etched to the stake along with a stake identification 

number. The location of the stake and the soil slope is recorded 

at the time the stake is set. The elevation of the stake top 

will be surveyed from a nearby bench mark so that possible dis

turbance of the stake can be confirmed. 
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Erosion rates are measured annually as the distance from the cur-

rent soil surface to the etch mark. Soil losses equal to or 

greater than 2 tons per acre over one year require remedial ac

tion. 

4.6.4 Ground-water Monitoring 

Given the interconnection between the landfill and the canyon 
floor, the perched water in the alluvium of Canon de Valle is the 

first aquifer. Nine monitoring wells (numbered P-1 through P-9) 

were installed in the canyon floor, and one (P-10) was installed 

on the topographic saddle immediately adjacent to the landfill 

during the July to September 1987 period (see Appendix D) . 

Depths varied from 9 to 150 feet. Borehole P-2 partially caved 

in and was later abandoned; it has been filled in with drill cut

tings. Well P-10 is presently uncased; it may be completed a~ a 
monitor well or neutron moisture log access well. Two of the 
cased canyon wells (P-8 and P-9) are located in the alluvium up

stream of the Area P landfill, while the remaining six (P-1 to P-

7) are located on the canyon floor between the stream and land

fill. These eight canyon floor monitor wells all penetrated sev

eral feet of alluvium before encountering unsaturated tuff; they 

were completed as four nests, each with two monitor wells. Each 

nest consists of one shallow 9 to 10 foot teflon cased (2 inch 

I.D.) monitor well and one deep 35 foot PVC cased (2 inch I.D.) 

monitor well. All of the shallow teflon wells are sand packed 

and screened from the lower unsaturated tuff up into the allu

vium. The deeper PVC cased monitor wells are all sand packed and 

screened in the unsaturated tuff. Well completion data are shown 

in Appendix D. An additional two boreholes (P-11 and P-15A) are 

located approximately 800 feet south of the landfill; these were 

used for stratigraphic correlations across the landfill. Borehole 

P-11 is currently uncased; it may be converted to a background 

monitor well or neutron moisture log test hole if required. 

Borehole P-15A was abandoned when it was filled with borehole 
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borehole cuttings. All of these well completions were con

structed as prescribed in 40 CFR 265.90 through 265.94 (NM HWMR 

206C.1.C), and fully comply with specifications in the Technical 
Enforcement Guidance Document (TEGD). These ground-water 

monitoring wells will be sampled quarterly for the first year, 

and annually thereafter, assuming sufficient water volumes can be 

collected. Water quality parameters (see Tables F-1 through F-3, 
and Table F-6) and analyses (see Tables 4-1 and F-4) will be con

ducted using EPA and EID approved sampling, record keeping, and 

analytical methods as found in Test Methods for Evaluating Solid 

Wastes, US EPA, sw 846. To date, however, all of these wells 

have been dry. 

4.6.5 Surface Water Monitoring 

Two permanent surface water sample collection stations will be 

established, one upstream and one downstream of the landfill~in 

Canon de Valle. surface water samples will be taken at the same 

time as the ground-water and leachate samples, and will be ana

lyzed for the same parameters (Appendix F). 
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On December 7, 1987, a reconnaissance surface water quality and 

stream sediment survey was conducted in Canon de Valle immedi

ately adjacent to the Area P landfill in order to establish cur

rent conditions there. Table D-4 (Appendix D) lists results and 

sample collection stations from that survey. Analyses were con

ducted for those metals that are characteristic of EP toxicity in 

accordance with 40 CFR 261.24. All metals but barium were below 

detection limits in all water and sediment samples. Four of five 

water samples showed barium in excess of EPA Interim Primary 

Drinking Water Standards (40 CFR Section 265 Appendix II). For 

the eleven sediment samples, all metals but barium were below de

tection limits. Five of these samples showed barium concentra

tions between one and three milligrams per liter (mg/1) in EPA 

extract waters, while the remaining six samples had barium con

centrations below 1. 0 mgjl. A close examination of the data 

(Table D-4 and the location map) suggests that the majority~of 
l 

this barium originated from an unknown upstream source or 

sources. An extensive independent reconnaissance sampling pro

gram that is not part of this Closure and Post-Closure Plan will 

be initiated to quantify the exact barium source in Canon de 

Valle waters. These results should be available to the NMEID in 

the spring of 1988. One possible source is from historic TA-16 

activities (see Appendix G). The information contained in Ap

pendix G was taken from a recently completed draft Department of 

Energy (DOE) Comprehensive Environmental Assessment and Response 

Program (CEARP) Phase I report entitled, Installation Assessment. 

A major objective of this Phase I CEARP program was to determine 

whether waste disposal practices followed in the past, before 

recognition of potential environmental hazards andjor the passage 

of environmental legislation, have resulted in environmental 

problems that require remedial actions today. Many sites have 

been identified for future evaluation during CEARP supplemental 

Phase I or Phase II activities, including TA-16. Apparently both 

Comprehensive Environmental Response, Compensation, and Liability 
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Act (CERCLA) and Resource Conservation and Recovery Act (RCRA) 
regulatory compliance issues will be addressed in the near future 

with regard to TA-16. The draft document in Appendix G suggests 

several potential barium sources associated with historical TA-16 

activities. 

4.7 Area P Identification 

Identifying engineering markers will be placed at the locations 

indicated in Figure 4-9. The markers, at least 12 inches in di

ameter, will be set 2- to 3-feet deep in undisturbed tuff and 

will extend 0.5 to 1.0 foot above the ground. The markers will 
be constructed of concrete with reinforcing steel. A brass cap 

will be set in the marker with the inscription, "Warning - Haz

ardous Waste Buried - Barium" and have arrows pointing to the 

neighboring markers. 

l 
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4.8 Information Transfer 

The NMEID and LANL will coordinate in writing to the respective 

contact person(s) for organization of activities and communica

tions between the parties under this plan. The parties will 

provide timely written notification of any changes in the desig

nation of contact persons during the term of the plan. LANL 

will provide a minimum of ten days' advance notice to the NMEID, 

through the NMEID contact person(s), of any sampling or activi

ties conducted. 

4.9 Closure Certification 

Upon completion of closure, the engineer and the DOE shall pre

pare a letter certifying that the site has been closed in accord

ance with the closure plan. The letter shall be dated and signed 

by each party and stamped by the registered engineer, and the 

original copy submitted by the DOE to the Director of the NMEID. 

One copy shall be maintained at the DOE office and one copy main

tained by the BSE-8 Regulatory Compliance Section. 

4.19 Closure Schedule 

The year of closure is 1986. Partial closure has occurred in 

that part of the landfill has been covered. 

This closure plan will be submitted to the New Mexico Environ

mental Improvement Division on November 23, 1985, or the next 

date the NMEID office is open. LANL will prepare a contractor's 

bid package for closing Area P prior to the start of closure. 
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The bid package will not be let out for bid until the closure 

plan is approved. A minimum of 90 days is required to process 

the contractor bids. 

Closure of Area P will follow the following schedule: 

ACTIVITY 

Contract for closure construction 

Contractor start up time and site 

preparation 

Initial earth work 

Concrete blanket 

construction 

Cap construction 

Final survey 

weather and operations contingency 

MAXIMUM 

TIME REQUIRED 

PER ACTIVITY 

90 days 

14 days 

14 days 

30 days 

30 days 

14 days 

30 days 

Several of the above activities run concurrently, so the time 

periods listed above are not additive. The total closure time is 

estimated at 180 days from plan approval by the NMEID. Two addi

tional growing seasons are needed to ensure successful revege

tation, but this time is considered part of post-closure care 

activities. 

4-19 



I I 

4.11 Post-Closure 

Within 90 days after closure is completed, the EPA, NMEID, and 

the County of Los Alamos shall be furnished with a survey plat 

indicating the landfill location and dimensions of all new clo

sure construction. The plat shall be prepared and certified by a 

professional land surveyor. The plat filed with Los Alamos 
County shall include a note, prominently displayed, which states 

the owner's or operator's obligation to restrict disturbance of 

the site in accordance with NM HWMR 206.C.2.g(3). In addition, 

the EPA, NMEID, and County of Los Alamos shall be provided with 

the records of type, location, and quantities of wastes stored. 

Information for wastes buried before the promulgation of haz

ardous waste regulations shall be estimated based on available 

records. Also in accordance with state law, a notation on the 

deed to the facility property (or on some other document that~is 

normally examined during title search) will, in perpetuity, ho

tify a potential purchaser of the property that the land has been 

used to manage hazardous waste. 

The property deed shall be noted or documented to comply with the 

requirements of NM HWMR 206.C.2.j. 

4.11.1 Post-Closure Care 

Post-closure care activities shall be performed for 30 years as 

required by NM HWMR 206.C.2.g(1), and shall include site inspec

tions, maintenance and operation of leachate and monitoring sys

tems. An inspection schedule summarizes important Area P inspec

tion events (see Appendix E). 
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The site shall be inspected semi-annually, checking: 

o the cover system for integrity, settlement, and erosion, 

o the site surface drainage system for any blockages or evidence 

of poor function, 

o the concrete blanket for integrity, cracks, and settlement, 

o the integrity of the fence, gate, and locks, and 

o the condition of the surveyed benchmarks. 

The site shall be inspected monthly checking: 

o proper operation of the leachate collection system, including: 

- sump pump operation, 

- accumulation tank level switches and high level warning 

light, 

- pipes for leaks, 

- integrity of the infiltration trench cover, 

- condition and liquid level of the surge-evaporation tank, 

and 

- tank levels. 

Repairs shall be made to any of the items mentioned in the 

semi-annual checklist, should the inspection reveal conditions 

requiring further attention for the proper function of the closure 

system. 
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Monitoring shall include sampling of leachate, neutron probe log
ging, erosion measurement, ground water monitoring and surface 
water sampling as described in the closure plan. 

4.11.2. Post-Closure Office 

Records shall be kept of inspections, repairs, sampling, and ana
lytical results for the duration of post-closure care activities. 
The name, address, and phone number of the person andjor office 
to contact about the facility during the post-closure care period 
is: 

Harold Valencia 
Area Manager, Los Alamos Area Office 
u.s. Department of Energy 
Los Alamos, New Mexico 
Phone: (505) 662-5105 
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TABLE 4-1 
SAMPLING PARAMETERS AND ANALYTICAL METHODS FOR ANALYSES 

EPA 
Hazardous 
Waste No. 

-----
D-004 
D-005 
D-006 
D-007 
-----
D-008 
D-009 
----------
D-010 
D-Oll 
D-012 
D-013 
D-014 
D-015 
D-016 
D-017 
-----
----------
----------

Name 

Max Cone (1) 
(mgjl) for 
EP Toxicity 

Antimony 
Arsenic 5.0 
Barium 100.0 
Cadmium 1.0 
Chromium 5.0 
Fluoride 
Lead 5.0 
Mercury 0.2 
Nickel 
Nitrate (as N) 
Selenium 1.0 
Silver 5.0 
Endrin 0.02 
Lindane 0.4 
Methoxychlor 10.0 
Toxaphene 0.5 
2,4-D 10.0 
2,4,5-TP 1.0 
Radium 
Gross Alpha 
Gross Beta 
Turbidity 
Coliform 

Bacteria 

Organic scans 

1.4 

Max Cone (2) 
(mgjl) for 
Drinking H20 

0.05 
1.0 
0.01 
0.05 
to 2.4 

0.05 
0.002 

10.0 
0.01 
0.05 
0.0002 
0.004 
0.1 
0.005 
0.1 
0.01 
5 pCi/1 

15 pCi/1 
4 milliremjyr 
1/TU 

1 count/100 ml 

GC/MS for volatile organics (see Table F-2) 

Notes 

Typical(3) 
Analytical 

Method 

7040, 7470 
7060, 7061 
7080, 7081 
7090, 7130 
7190, 7195 
----------
7420, 7421 
7470, 7471 
7520, 7521 
9200 
7740, 7741 
7760, 7761 
8080, 8250 
8080, 8250 
----------8080, 8250;: 
8090, 8250l 
8150, 8250 
9320 
9310, 9315 
9310 
----------
9131, 9132 

variable 

( 1) Maximum concentration (in mgjl unless specified 
otherwise) from 40 CFR Part 261.24, Characteristics of EP 
Toxicity. 

(2) Maximum concentration (in mg/1 unless specified 
otherwise) from 40 CFR Part 265 Appendix III, EPA Interim 
Primary Drinking Water Standards. 

(3) All sampling and test analysis methods for inorganic and 
organic chemicals will be done according to Test Methods for 
Evaluating Solid Waste, EPA SW-846, or as superseded by more 
currently EPA approved alternate methods. 
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5.0 GENERAL CONSIDERATIONS 

5.1 Contact Person 

Upon approval of this closure plan, the NMEID and LANL will co

ordinate in writing with the respective contact person(s) for 

organization of activities and communications between the parties 

under the plan. The parties will provide timely written notifi

cation of any changes in the designation of contact persons dur

ing the term of this plan. LANL will provide a minimum of ten 

days advance notice to the NMEID through the NMEID contact per

son(s), of any construction, sampling, or other activities con

ducted. 

5.2 Quality Assurance 

Effectiveness of the programs contained in this plan is specifi

cally dependent on proper sampling, analytical methods, and tech

niques. LANL will use sampling, quality assurance, quality con

trol, and chain of custody procedures that are consistent with 

the USEPA Regulations throughout all activities. All analytical 

testing will be performed in a laboratory using appropriate USEPA 

procedures with QA/QC in conformance with USEPA requirements. 

5.3 Split Samples 

Upon request by authorized representatives of the NMEID, LANL 

will provide split samples of any samples collected under this 

plan. If any analyses are made of such samples, a copies of the 
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results of the analysis shall be furnished promptly to LANL. 

This includes all relevant technical data generated by the NMEID 

representatives or their agents or contractors. 

5.4 Facility Access 

LANL will provide reasonable access to its facility upon request 

to authorized representatives of the NMEID for the purpose of 

monitoring, sampling, and observing activities carried out under 

this plan. NMEID representatives shall comply with established 

LANL safety and security practices. 

5.5 Cooperation 

LANL and the EID's representative will cooperate to the fullest 

extent possible in the reporting and exchange of data developed 

under this plan. Copies within LANL's possession of results of 

sampling and analyses, and other relevant technical data generat

ed by the parties or their agents or contractors under this plan, 

including raw data, field notes, laboratory bench sheets, and 

'reports will be exchanged as soon as practicable. In the event 

LANL contracts with a laboratory to perform work hereunder and 

the State of New Mexico requests from the Laboratory copies of 

raw data, field notes, or laboratory bench sheets generated for 

LANL, LANL shall indicate to the laboratory that it has no ob

jection to such documents being provided to the State of New 

Mexico. 

5-2 



REFERENCES 

Los Alamos National Laboratory, 1985, Environmental Surveillance 

at Los Alamos During 1984, LA-10421-ENV. 

Purtymun, W.D., 1984, Hydrologic Characteristics of the Main 

Aguifer in the Los Alamos Area: Development of Ground water 

Supplies, Los Alamos National Laboratory Report LA-9957-MS 

UC-11. 

Purtymun, W.D., 1975, Geohydrology of the Pajarito Plateau 

1947-1972, Los Alamos National Laboratory Informal Report. 



APPENDIX A 

AREA P VEGETATION 

SURVEY AND RECOMMENDATIONS 



I 

11/15/85 

To: Tony Drypolcher, HSE-8 
Stanley Zygmunt, Delta Engineering 

From: Teralene S. Foxx, Plant Ecologist, HSE-8 
Subject: Suggestions for revegetation of Area P 

PRELIMINARY VEGETATION SURVEY OF AREA P 

On 11-14-85 I did a brief survey of the hazardous waste site 
designated as Area P located on the rim of Valle Canyon at 
approximately 7450 ft. The purpose of the survey was to obtain 
background information necessary to a revegetation plan for the site. 
On site taxonomic identifications and visual estimates of cover were 
made. All specimens were dormant therefore identification to species 
was not alway possible (Table 1). Figure 1 shows the topography and 
different management areas. As can be seen aspect, slope, and 
management of the area have resulted in different vegetation patterns. 

The upper portion of the site is situated at approximately 7450 
to 7400 ft. The overstory in the adjacent undisturbed areas is a 
ponderosa pine plant community with and understory of little bluestem, 
a perennial bunch grass (Figure la). Just below the canyon rim the 
ponderosa pine forest intergrades with a mixed conifer forest composed 
of ponderosa pine, Douglas fir, and white fir (Figure lb). The canyon 
bottom (7300 ft) has a running stream surrounded by aspen, ponderosa 
pine, and Douglas fir (Figure lc). Along the major drainage channels 
and in the canyon bottom there are thickets of Gambel's oak, often 
growing tree-like (Figure ld). Other scattered shrub species were 
noted including New Mexico locust, wild rose, and gooseberry. 

The disturbed area, the waste deposition pit, ranged from 7450 
to 7400 ft (Figure 1e). Most of that area was covered by false 
terragon and a variety of grasses including wheatgrass, blue grama, 
mountain muhly, squirreltail, bluegrass, and oatgrass. Some species 
appear to have been planted for surface stabilization and others have 
invaded from the surrounding area. Other forbs were scattered 
throughout the disturbed area including pinque, prairie coneflower, 
mullein, and aster. The estimated cover for the disturbed area was 
50-75%. The highest cover percentages were near the canyon rim and 
the southern most upslope portion of the site. Through the middle of 
the site there was a reduced cover that appeared to be due to soil 
compaction. In the more compacted areas the primary forb cover was 
wormwood. A small number of trees and shrubs had invaded into the 
more stabilized area including juniper, chamisa, and two 4 ft 
ponderosa pines. With the exceptions of the shrub and tree species, 
maximum rooting depth of forb and grass species presently on the site 
would be approximately 213 em (Foxx and Tierney 1984). In the areas 
covered primarily with false terragon a soil crust of moss and lichen 
had formed. These crusts are important to reduction of soil erosion 
and retaining soil moisture. 

A shelf below the rim (Figure 1h) was vegetated with primarily 



grasses, some invading from the surrounding forested area. An upper 
portion (Figure lg) was essentially bare and was dissected by an 
erosion channel. 

The steep northfacing slope extended from approximately 7400 to 

7300 ft, was greater than 3:1 slope. The slope appeared to be well 

vegetated with grass, forb and shrub species (Figure lf). 

CONSIDERATIONS FOR REVEGETATION OF AREA P 

Disturbed lands can seldom be returned to the original condition. 
Once the native plant cover has been destroyed the rebuilding of the 

vegetation must be done either by artificial plantings or the natural 
processes of succession that through time (sometmes 100 years or more) 
may restore the area to a similar plant cover. Successional processes 
are too slow and revegetation of the site by planting is always 
necessary. 

On a waste site the vegetation layer should stabilize the soil, 
minimize percolation into the waste, maximize evapotranspiration from 
the "trench cap", enhance the aesthetics of the site, and creat a 

self-sustaining ecosystem of low maintance (McAneny Et. al. Draft 
Document). To obtain these expectations factors such as soil 
fertility, seed selection, seed establishment and short and long range 
maintance through time must be considered. 

Seedbed preparation The disturbed portions of Area P consist of a 

gently sloping densely vegetated canyon rim and a very steep 
northfacing slope along a canyon wall. Revegetation of slopes is 
rarely satisfactory if the slope is greater than a 3:1 (Thornburg 
1982; Dittberner and Olson 1983; Nevada State Conservation Commission, 
No Date). Figure 2 shows the influence of slope on revegetation. 

Because the slope on Area P is greater than a 3:1 (Figure lf), it 

is suggested that the existing vegetation not be disturbed unless 
necessary. The upper gently sloping portion (Figure le, g, h) of the 

site will be engineered to cover exposed waste and will need to be 
"revegetated with native grasses and weeds'' (forbs) (Area P Closure 

Postclosure plan). Topsoil should consist of a clay-loam (from mesa 

tops) or a sandy loam (from canyon bottoms). The seedbed should be 
free perennial and annual vegetation and be lightly compacted so the 

seeds will not be planted too deep. 

Fertilization Often a good quality topsoil is not available and a 

poor quality subsoil or crushed tuff is used. The need for 
fertilization of area will be highly dependent on the soil obtained. 
It is suggested that simple soil tests be run to determine the amount 

of organic matter, phosphorus, potassium, and nitrogen present in the 
soils. Table 2 gives the relative levels of organic matter and major 
nutrients in soils. Results of soil tests and reference to the table 
will indicate that a given soil rates low, medium or high. Low levels 

indicate a need for supplemental fertilization (McAneney et. al.) 

There appears to be some argument concerning the application of 

nitrogen. Thornburg 1982 reports that nitrogen will increase weed 
growth. These weeds then compete for space and moisture with the 
seeded species reducing the cover of planted species. A heavy nitrogen 



fertilizer should not be used unless the soil tests deem it necessary. 

Selection of Species : Selection of species to be planted on a site 

is dependent on the soil, slope, precipitation levels, exposure, 

biotic information, temperature, elevation etc. In addition it is 

important to understand the artificially created and native ecosystems 

presently on the site and adjacent to the site to determine species 

that will flourish and/or invade into the area through time. 

The approach to species selection was not only confined to the 

above criteria but through knowledge of what occurs in the ponderosa 

pine forest (Foxx and Tierney 1985) and studies on previous waste 
sites and disturbed areas (Tierney and Foxx 1982, Tierney and Foxx In 

Press). In addition several references were consulted as to the 

environmental and biological factors affecting germination as well as 

short term and long term establishment of individual species (McAneny 

et al. , Thornburg 1982, Dittberner and Olson 1983, Flory and Marshal 

1942, Wasser 1982). Species selected are ennumerated in Table 3 

indicating the factors important to establishment of a good biomass 

for erosion control. Also important was whether or not a species was 

native or introduced. Introduced species were suggested only if they 

were non-weedy and have previously been used for reclamation in the 

area. It is important to note these are suggestions • Final 

selection is dependent on seed availability and the type of topsoil 

obtained. At time of site closure if seeds for specific species are 

not available, closely related species may be appropriate. 

Another factor that was taken into consideration in species 

selection was rooting depths. From a literature data base, Foxx and 

Tierney 1984 found that the average maximum rooting depth of 1012 

specimens was 2 meters. Annual and perennial grasses were shallower 

rooting that many forbs, shrubs and trees. Rooting depths are of 

concern because of 1) disruption of the barriers 2) incr~ased 

percolation into the site 3) possible uptake of toxic materials. 

Unless the biobarrier in disrupted by mechanical means it has been 

observed at another waste site and by Tierney and Foxx (In Press) 

downward movement of the roots will be impeded. In most cases species 

ennumerated in Table 3 have been reported to root to depths of less 

than 2 meters. 

It is suggested that both cool season and warm season grasses 

and forbs be planted. Cool season species begin growth in early 

spring and anthesis usually occurs during the early to midsummer. 

Warm season species make the maximum growth during the early to 

midsummer and athesis occurs in the late summer or fall. Using a 

mixture of both warm season and cool season grasses and forbs provides 

the maximum cover throughout the growing season from April to October. 

Table 4 indicates the seeding rates and specific information about 

species selected. 

It is also suggested that nitrogen fixing species be in the 

seed mix. Most legumes are nitrogen fixing species but are very 

deeply rooted--particularly alfalfa that has been reported to root to 

depths of 19 to 32m. In addition, species such as alfalfa attract 

gophers that disrupt the cap surface and affect the surface hydrology 

(Hakanson and Martinez 1982). Biennal legumes such as sweet clover 



root to depths of no greater than 160 em but are weedy and when dry 
may pose a fire hazard. Selection of leguminous species should be 
carefully considered. Two composites, Estafiata ( Artemisia frigida ) 

and wormwood ( Artemisia ludoviciana ) have been reported to be nodule 

forming and nitrogen fixing (Dittberner and Olson 1983). In addition, 
these Species have been found to occur commonly in disturbed soils at 
this elevation (Tierney and Foxx 1982). Planting these species would 

provide shallower rooted nitrogen fixing plants and help increase the 
cover to prevent erosion. Other shallowly rooting forb species may be 

included in the mix. Once the seed mixture available is determined 
rooting depths of individual species in that mix should be researched 
in Foxx and Tierney 1984. 

Planting Dates : For best germination and biomass seeding of the site 

should be prior rainy season (July to August). Cool season grasses 
may be seeded in the fall for spring germination when temperatures are 

too cool for germination. Seeds should not be planted when the soil 
is frozen or snow covered. 

Planting Methods : Because of the size, slope, semiarid nature of 

the site it is suggested that seeds be planted with a grass or grain 
drill. This will insure that the seed is covered to a proper depth, 

the seed is uniformly distributed, and the rate of seeding is 
controlled. On steeper slopes it is suggested that a hydroseeder be 
used ~nd a hydromulch applied. Suggested seeding rates are seen in 
Table 4. 

Irrigation Irrigation should be used only as a temporary measure. 
We anticipate irrigation would only to be if rains were spaced more 
than 4 days apart during the establishment phase. Lycimeters would be 

useful in determinng exact soil moisture and development of a watering 

regime. An easily installed sprinkler system should be availabe to be 

used if planting time is droughty. 

Mulching : Mulching should protect the area from excessive soil 
erosion for less than 1 year and help in establishment of erosion but 

not retard plant growth. Table 5 is a guide to short-term mulch 
materials. At Los Alamos National Laboratory experiments have been 
done of a pea-gravel mulch applied at 60 tons/acre. This mulch 
increased the soil moisture, plant biomass, and reduced erosion rates. 

The main disadvantage is that it increased infiltration rates (Nyhan 
1984). It is suggested that either the pea-gravel mulch be applied or 

fabric. The fabric mulches must be removed immediately after 
germination or growth is retarded. Nyhan 1984 found the gravel mulch 

was functional for one year. 

Fire Hazard : Establishment of a dense grass forb vegetation provides 

a flash (rapidly burning) fuel that may be ignited when dry. If the 
burning pads are still used this harzard should be addressed. Fire 

breaks in the vicinity of the site to could prevent fire from 
spreading from the disturbed site to the surrounding forested area. 
Fire breaks could be done mechanically by thinning or by the use of 
prescribed fire to reduce surface fuels in the surrounding forested 

area. 

Succession It is anticipated that over a 30 year period invasion of 



a number of native and invader species from the surrounding forested 
area will occupy the site. The potential disruption of the cap by 
tree and shrub species should be addressed for the short term (30 

year) and long term (greater than 30 years). Tree and shrub species 
would increase evapotranspiration rates and the removal of them may 
not be advisable. Techniques to monitor the soil moisture along the 
pit profile would be advisable. Roots will penetrate the depth of the 
soil moisture. Long term monitoring will be a factor in indicating 
the stability of the cap. 

SUMMARY: 

1) The slope should remain as undisturbed as possible to retain 
present vegetation. Revegetation of the slope will be difficult. 

2) Soil test should be done prior to planting to determine 
fertilizing needs. 

3) Species have been selected based on biological and environmental 
factors. The final seed mix will be determined by seed availability 
and time of planting. Both warm seas0n and cool season grasses and 
forbs should be planted. 

4) Planting before summer rains is recommended. 

5) Grass or grain drill should be used on upper portions and 
hydroseeders on steep slopes. 

6) Irrigation will be a temporary measure. 

7) Either a pea-gravel or fabric mulch is suggested. 

8) Fire hazards and long term successional processes should be 
addressed for short and long range maintance of the site. 
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Table 1. Species Found on or Adjacent to Area P 

Common Name 

TREES 
Ponderosa pine 
Douglas fir 
White fir 
Aspen 
oak 

SHRUBS 
Oak 
New Mexico locust 
Gooseberry 
Rose 
Chamisa 

GRASS 
Little bluestem 
Mountain muhly 
Wheatgrass 
Bottlebrush squirreltail 
Fescue 

FORBS 
'llse tarragon 
.Jrmwood 

Wormwood 
Pinque 
Prairie coneflower 
Mullein 

Aster 
Goldenweed 

Species 

Pinus ponderosa 
Pseudotsuga menzesii 
Abies concolor 
Populus tremuloides 
Quercus gambelii 

Quercus gambelii 
Robinia neomexicana 
Ribes spp. 
Rosa spp. 
Chrysothamnus nauseosus 

Andropogon scoparius 
Muhlenbergia montana 
Agropyron spp. 
Sitanion hystrix 
Festuca spp. 

Artemisia dracunculus 
Artemisia ludoviciana 
Artemisia carruthii 
Hymenoxys richardsonii 
Ratibida columnifera 
Verbascum thapsus 

Aster spp. 
Chrysopsis foliosa 

Native/Invader/Planted 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 

N 
N 
N 
N 
N 

Intro-
duced 

N 
N 

I 
I 
I 
I 

I 

I 

I 

I 
I 
I 
I 

I 
I 

p 

P? 

p 



Table 2. Relative Levels of Organic Matter and Major Nutrients in Soils 
(Bennett and Donahue, 1975; cited in Lutton, 1982) 

Relative 
Level* 

V~ry low 
Low 
Medium 
High 
Very high 

Sand, 
Loamy 
Sand 

0.6 
0.6-1.5 
1. 6-2.5 
2.6-3.5 

3.5 

Organic Matter 
Sandy Loam, 

Loam, 
Silt Loam 

1.6 
1.6-3.0 
3.1-4.5 
4.6-5.5 
5.5 

(%) 
Clay Loam, 
Sandy Clay, 

Clay 

2.6 
2.6-4.5 
4.6-6.5 
6.6-7.5 
7.5 

Nitrogen Phosphorus Potassium 
lb/acre lb/acre lb/acre 

20 6 60 
20-50 6-10 60-90 
50-85 11-20 91-220 
85-125 21-30 221-260 

125 30 260 

*Medium level is typical of agricultural loam soil. Low levels need 
supplemental fertilization; high levels need no fertilization under normal 
circumstances. 



Table 3. Biological and Environmental Factors for Grass Species Selection 

Erosion Ease of 

Conmon Native/ lolarm/Cool Control Establish· 

Species Name Habitat Introduced Season Life Cycle Biomass Potential ~nt 

Agro~ron Crested dry-moist Introduced Cool Peremial High High·mediun Low-mediun 

desertorun lolheatgrass; 
(Agde) desert wheat· 

grass 

Agroeyron Western Dry-moist Native Cool Perennial Mediun·high High Mediun 

smithii wheatgrass 
(Agsm) 

Agroeyron Slender Dry-moist Native Cool Perennial Mediun·high Mediun·high Low-mediun 

trachycaulun lolheatgrass 
(Agtr) 

AndroQQgon little Dry Native lolarm Perennial 

scoearius blues tern 
(Ansc) 

Muhlenbergia Spike nP.Jhly Dry Native lolarm Perennial 

wrightii 

Festuca Sheep Dry-moist Introduced Cool Perennial Low·mediun Mediun Low·medlun 

ovina .fescue 
(Feov) 

SQorobolus Sand Dry Native lolarm Perennial High·mediun Low- medi un Low·mediun 

cryQtandrus dropseed 
(Spcr) 



Table 3 (cont) 

Maxi nun 

Short-Term Long Term Clay Rooting 

Species Revegetl!tion Revegetation Loam Soils Q !! 11 l>epth (em)* 

Agropyron Potential Potential Good G G F 183 

desertor1.111 medillll high-medium 

(Agde) 

Agropyron Low-medillll High Good G G F 148 

smithi i 
(Agsm) 

Agropyron Low, medi 1.111 Medil.111·high Good G G F 25** 

trachycaul1.111 to high 
(Agtr) 

Andropogon Low-medillll Low-high G G F 165 

scoparius medi1.111 

(Ansc) 

Festuca Low-medillll Hedillll Good-Fair G G F 152 

ovina 
(Feov) 

Sporobolus Low med i 1.111 Medium G G p 122 

cryptandrus 
(Spcr) 

4.- .......... -- ......... 

*Foxx and Tierney (1985). 

**Only reported for shallow soils, probably roots deeper. 



Table 4. Ecology and Culture of Selected Species 

Drought Fire Planting Germination 

Comnon Name Growth Begins Mattrr~s- Tolerance Toleranc~ Depth Seed Rate Time 

Crested Before June MidslmTier Good Good 1/2·3/411 5·15 lb/acre 14 days 

wheatgrass 

IJestern March· early August Good Good 1/2·1 11 5·15 28 days 

IJheatgrass April 

Littleblue Early spring Fall Good Good 1/411 2.5·4.5 28 days 

stem 

Sheep fescue March·April MidslmTier Strongly Damaged 1/2" 2·3 lbs 21 days 

(green under Competitive Fair 

snow) tolerance 

Dropseed Spring Fall Good Moderate 1/411 1/5 lb 5·10 days 

Estafiata Spring August Remarkably 1/2·3/411 4·8 lbs 6·10 days 

Artemisia (evergreen 

frigida base) 
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GEOLOGY AND HYDROLOGY OF AREA P NEAR S-SITE 
by 

William D. Purtymun 

I. INTRODUCTION 

Area P (Landfill) is located on the western margin of 
the Pajarito Plateau within the boundaries of Los Alamos 
National Laboratory. The Pajarito Plateau, formed by a 
series of ashflows and ashfall tuffs, forms an apron around 
the east flank of the Sierra de los Valles (Fig. l). The 
surface of the plateau slopes gently eastward and terminates 
along the Puye Escarpment and White Rock Canyon above the 
Rio Grande. The surface of the mesa has been dissected into 
a number of narrow mesas by southeast trending streams. 

This report was requested by the Regulatory Compliance 
Section of the Environmental Surveillance Group (HSE-8). It 
was prepared from published reports and reconnaissance of 
the area. 

II. GENERAL GEOLOGY 

The Pajarito Plateau is structurally a part of the Rio 
Grande depression--a complex series of faulted troughs or 
basins that extend from southern Colorado along the Rio 
Grande to northern Mexico (Kelley 1952). The basement rock 
has been down faulted in the depression to as much as 10,000 
to 15,000 feet below sea level (Fig. 2). The depression is 
filled with sediment and volcanic rocks. 

The rocks that outcrop along the edges of and form the 
surface of the Pajarito Plateau are from oldest to youngest: 
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the Tesuque F~rmation, Puye Conglomerate, Basaltic Rocks of 
Chino Mesa, Tschicoma Formation, and Bandelier Tuff (Fig. 
2). For a detailed description of these rock units, see 
Griggs (1964). The most important rock unit at Are·a P is 
the Bandelier Tuff. 

The Bandelier Tuff forms the upper surface of the 
Pajarito Plateau. It is composed of a series of ashfalls 
and ashflows of rhyolite tuff. The three members of the 
Bandelier Tuff in ascending order are Guaje member, a lump 
pumice: the Otowi Member, a massive nonwelded ashflow: and 
the Tshirege Member, a series of moderately welded to welded 
ashflows (Purtymun and Koopman 1965). The Tshirege Member 
forms the surface of the mesa at Area P. 

The most prominent structural feature of the Pajarito 
Pla~eau is the Pajarito Fault Zone, which tends northward 
along the western edge of the plateau (Fig. 3). The fault 
is downthrown to the east and displaces rocks of the Bande
lier Tuff, Puye Conglomerate and Tschicoma Formation (Fig. 
2). The displacement is estimated at about 400ft (Budding 
1976). Two smaller faults occur north and east of the Fault 
Zone (Fig. 3). They are the Los Alamos Fault (displacement 
20 ft) and the Guaje Mountain Fault (displacement 10 to 50 
ft). The Water Canyon Fault is the most important fault in 
this study as it occurs near Area P (see section III). 

III. LOCAL GEOLOGY 

Area P (Landfill) lies near the western margin of the 
Pajarito Plateau in a saddle of a short eastern trending 
narrow mesa. A scarp due to the Water Canyon fault lies to 
the west of the landfill. To the north, the canon de Valle 
has cut through the scarp and drains an area to the west on 
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.. 
the flanks of the Sierra de los Valles. A small canyon has 
cut into the edge of the scarp to the south of the saddle. 
This south edge of the saddle slopes gently to the·south. 
The explosive burning facility occupies the saddle and gen
tly sloping part of the saddle to the south. 

Area P (Landfill) occupies the northern part of the 
saddle that slopes gently to the north for about 400 feet 
and then becomes very steep as Canon de Valle has cut a deep 
canyon into the Bandelier Tuff. To the east of Area P the 
saddle rises gently to the top of the narrow mesa that ter
minates about a mile to the east as Canon de Valle turns 
abruptly to the south (Fig. 4). 

The Bandelier Tuff (Tshirege Member) forms the saddle 
and underlies the Explosive Burning Facility and part of the 
landfill. About SO feet of tuff in the saddle appear to be 
a moderately welded tuff, while about 80 feet of welded tuff 
is exposed beneath the moderately welded tuff in the south 
wall of Canon de Valle (Fig. 5). 

The following geologic section is estimated from loqs 
of Test Hole DT-SA and PM-2 and loq of supply Well PM-2 
(Purtymun 1968): 

Geologic Unit 

Bandelier Tuff 
Puye Conglomerate 
Tschicoma Formation 
Tesuque Formation and 

Earlier Volcanics 
and Sediments 

Precambrian Rocks 

Thickness 
Cft) 

800 
500 

1000 

2000 

-3-

Averaqe Depth 
Below Land 
surface to Top 
of Unit 

Cftl 

0 
800 

1300 

2300 
4300 



The Water Canyon fault lies about 2 miles east of the 
Pajarito Fault Zone (Fig. 3). It is a normal fault with a 
displacement of about 30 ft as measured between ma~er beds 
in the Bandelier tuff. The fault is downthrown to the east 
and is abut 2.5 to 3 miles long (Budding 1976). 

The scarp formed west of Area P appears to be an ero
sional scarp. The Water Canyon fault lies east (Fig. 4). 
The outcrop of the upper units of the Bandelier Tuff on the 
north wall of Canon de Valle shows no breaks (bed dip to the 
west) northwest, north, and northeast of Area P. Several 
hundred yards east of Area P these beds are broken by the 
Water Canyon fault. The fault zones of broken tuff 
weather rapidly with the formation of silt and clay. These 
zones tend to restrict 
promote the movement. 
the east. 

the movement of water rather than 
East of fault the beds dip gently to 

The elevation of the saddle is about 7460 ft above sea 
level. The main aquifer (aquifer capable of municipal and 
industrial supply) lies at an elevation of about 6230 feet 
above sea level, or 1230 feet below the saddle in the Puye 
Conglomerate. 

IV. LOCAL HYDROLOGY 

Surface runoff from Area P is into Canon de Valle. 
Canon de Valle heads on the flanks of the Sierra de los 
Valles to the west and is tributary to a major intermittent 
stream in Water Canyon about 2 miles to the southeast. Wa
ter Canyon is tributary to the Rio Grande about 6 miles to 
the east in White Rock Canyon. 

-4-



The stream in canon de Valle below Area P is probably 
intermittent due to small drainage areas on the flanks of 
the mountain. It contains some water used in cooling 
machining processes from facilities to the west. This water 
forms base flow of the stream. 

Canon de Valle is over 100 feet deep at the saddle near 
Area P. The canyon in this area of the plateau contains 
only a thin section of alluvium (probably less than 10 feet 
thick), which could contain water from the stream perched on 
the underlying tuff. This is a common occurrence with water 
in major stream channels that cross the plateau. In Water 
Canyon, about 2.5 miles to the southeast, water in a shallow 
observation well fluctuates with the amount of runoff in the 
intermittent stream. It is dry most of the time. In this 
area, a 200-foot deep/2-foot diameter well cased through the 
alluvium to shut out the water is completed in the tuff. 
This well has contained no water for the past 25 years. 

Based on other test holes and supply wells on the 
plateau (Frijoles Mesa, Supply Wells PM-2, 3, 4, and 5), 
there is no known perched water beneath the alluvium in the 
stream channel and the top of the main aquifer. 

The top of the main aquifer lies at a depth of about 
1230 feet below the surface in rocks of the Puye Conglomer
ate at Area P. The main aquifer is recharged from precipi
tation in the mountains to the west, deep canyons cut into 
the mountains, and from ground water in the Valles Caldera 
west of the Sierra de los Valles. The movement of water is 
from the recharge area eastward toward the Rio Grande where 
part of the water is discharged into the river through seeps 
and springs. The movement of water in the upper 500-feet of 
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aquifer at Frijoles Mesa to the southwest has been_ .calcu
lated at about 345 feet per year, while to the east the 
movement in the upper 1740 feet of supply well is much less 
at 95 feet per year (Purtymun 1984). The movement of the 
water in the main aquifer is probably near an average of the 
two rates at about 200 feet per year in the upper 1000 ft of 
the aquifer. A thick section of Tschicoma Formation lying 
within the main aquifer has a low permeability and tends to• 
restrict the movement of water. 

V. AREA P 

The landfill at Area P is located on the south wall of 
Canon de Valles. The elevation is about 7400 ft. The south 
wall of the canyon contains a thick growth of live oak, 
pine, and wild rose. 

The Bandelier Tuff that forms the Pajarito Plateau 
consists of a series of ashflow and ash falls that are de
scribed as nonwelded, moderately welded, and welded. The 
tuff at the landfill overlies a welded tuff and laps on to a 
moderately welded tuff (Fig. 5). The hydrologic character
istics of the tuff depend on degree of welding; the denser 
the welding, the lower porosity and hydraulic conductivity. 
The porosity of a moderately welded tuff will range from 30 
to 55 percent by volume, while that of a welded tuff will 
range from 15 to 40% by volume. The saturated hydraulic 
conductivity for a moderately welded tuff ranges from 0.1 to 
1.7 ft/day, while the welded tuff ranges from 0.009 to 0.26 
ft/day. The tuff at Area P is not saturated. 

The tuff is dry with natural moisture contents ranging 
from one to six percent by volume. Soil development on the 
tuff and north facing slopes has restricted most, if not 
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all, infiltration from precipitation into the underlying 
tuff. 

The landfill is an on-sloping bench of moderately 
welded tuff underlain by a welded tuff (Fig. 5). The land
fill was built from west to east. To the west the surface 
of the landfill has been capped with soil and tuff. There 
is no indication of water or leachate leaving the toe of the 
older part of the landfill. 

To the west, on the recently used part of the landfill, 
there is a considerable erosion, subsidence and evidence of 
water entering the landfill. At the toe of the landfill in 
this area the water appears (at time of precipitation, not 
continuous flow) as surface flow on the top of the welded 
tuff. 

The toe of the dump in the older part extends over the 
welded tuff, to the canyon bottom; however, the main part of 
the landfill is well above flood stage of Canon de Valle. 
There are some cans and other debris scattered below the 
main toe of the dump. 

The landfill may not be located in the best possible 
area: however, there are some positive geologic and hydro
logic conditions at the present location. 

(1) The landfill is underlain by a welded tuff, which 
has a low porosity and a low hydraulic conductivity. 

(2) The landfill is above the maximum flood level of 
Canon de Valle with exception of minor amounts of material 
that is scattered below the main toe of the landfill. 

(3) It is in an area where all runoff water can be di
verted from the landfill. 
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(4) About 1200 ft of unsaturated volcanics and sedi
ments lie between the landfill and main aquifer of the Los 
Alamos Area. 

(5) The Water Canyon Fault zone lies about 400 ft east 
of the landfill. 

The depth to the top of the main aquifer, combined with 
the underlying relatively impermeable welded tuff, indicates 
that the present location of the landfill could be ideal 
with stabilization and runon and runoff control. 
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Fig. 1. Physiographic features of the Los Alamos Area. 
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Fi9. 4. Map showin9 s-site, Area P and nearby faults. 
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APPENDIX C 

SITE DRAINAGE 

l.e INTRODUCTION 

Closure of Area P requires intercepting surface flows generated 

on Areas 1 and 2 as shown on the Facilities Engineering Division 

Drawing Eng.l6-33, •Area P Site Characterization Survey•, dated 

November 8, 1985. Another drainage area, Area 3 remains 

undisturbed by the closure and flows immediately west of the 

closed landfill after receiving flow from the West Channel. The 

West Channel intercepts flow from Area 2; the East Channel 

intercepts flow from Area 1. At Station e+ee, flow splits to the 

East and west Channels. 

2.e RUNOFF ESTIMATES 

The lee-year flows from Areas 1, 2 and 3 are calculated using the 

scs Method (1) and the 24-hour, lee-year frequency rainfall of 

Bowen (2). 

A. Time of Concentration (all areas) ••• e.l hr 

B. Runoff Curve No. (l) •••••••••••••••••••••••••••••••••••• CN=79 

(Table 2-1, Soil B, Poor Range) 

c. Rainfall, 24-hr, lee-year(2) ••••••••••••••••••••••••• P=4.e in 

D. Direct Runoff (l) •••••••••••••••••••••••••••••••••••• P=2.e in 



E. Distribution Curve No. (71) •••••••••••••••••••••••••••• 78 

(Exhibit 2-3) 

F. Cfs/ac-in (1) (Figure 2-5) ••••••••••••••••••••••••••••• 1.4 

(Figure 2-5) 

G. Peak Discharge, 188 year 

ql=· 796 ac x 2 in x 1.4 cfs/ac-in=2.23 

q2=.768 ac x 2 in x 1.4 cfs/ac-in=2.15 

q3=.944 ac x 2 in x 1.4 cfs/ac-in=2.64 

4. Volume Runoff, 188 year 

V1=.796 ac X 2 X 1/12 in/ft X 

325,988 gal/ac-ft =43,236 gal 

v2=.768 ac x 54317 =41,715 gal 

v3=.944 ac x 54317 =51,275 gal 

3.8 EAST AND WEST CHANNELS 

cfs 

cfs 

cfs 

Plan and profiles of the channel center-lines are shown in Figure 

A-1. The cross section is the same for both channels and is 

shown in Figure A-2 along with the Station 8+88 detail. Flow 

capacity is based on the lowest slope of 8.885. The Manning 

Equation (3) using n=8.814 predicts flow of 5.6 cfs at 8.5 feet 

flow depth. Total depth is 8.75 feet. 



Areas 1 and 2 which are split by a natural drain, are isolated 

from uphill flows by extending the 7458, 7460, and 7462 contours 

between Building 386 and 387 as shown on Drawing Eng.l6-33. 
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Appendix D: Geology and In-Situ Moisture Content of 
Technical Area 16 Area P. 

Fred Brown 

(extracted from Brown et al., 1987) 

I. REGIONAL GEOLOGY 

The regional geology of Los Alamos has been previously 
reported in detail (i.e., Smith and Bailey, 1966; Purtymun, 
1974; Gardner and Goff, 1986). In summary, Los Alamos 
National Laboratory is located on the eastern flank of the 
Jemez Mountains, an area dominated by volcanic deposits 
associated with the formation and collapse of the Valle and 
Toledo Calderas. Eruptive activity culminated with the 
deposition of a large volume (about 400 km3) of Quaternary 
Bandelier Tuff, a rhyolitic tuff ranging in thickness from 
30 to 1000 ft. The Bandelier Tuff is composed of a series of 
ashfall and ashflow tuffs (ignimbrites) unconformably 
resting on Chino Mesa Basalt and Puye Conglomerate of the 
Santa Fe Group. Depth to the main aquifer in the vicinity of 
Area P is about 1230 ft (Purtymun, 1984). See Figure 01. 

Deposits of Bandelier Tuff form broad plateaus that encircle 
the Jemez Mountains and dip gently away from the Valle 



~ 
I 

Caldera. The plateau on the eastern side of the Jemez 

Mountains, the Pajarito Plateau, consists of a series of 

east to southeast trending mesas separated by deeply incised 

canyons. The Bandelier Tuff itself consists of upper 

(Tshirege) and lower (Otowi) members, each containing a 

prominent ashfall bed at the base. Generally, the upper 

{Tshirege) member is the more densely welded of the two, and 

welding tends to increase with proximity to caldera sources 

{Bailey et al. 1969; Gardner et al., 1986). 

The Bandelier Tuff dips 2 to 5 degrees towards the east. 

Four fault zones have been recognized in the Pajarito 

Plateau: the Pajarito, Water Canyon, Guaje Mt., and Rendija 

Canyon Fault Zones (Dransfield and Gardner, 1985). The Water 

Canyon Fault Zone, which extends through TA-16, trends 

roughly north to northeast, with about 30 to 100 ft of down-

to-the-east displacement. Approximately 10 to 15 ft of 

displacement can be seen in the subsurface adjacent to Area

P, with little-or-no surface expression apparent. 

II. GEOLOGY OF AREA P 

Area P lies near the eastern margin of the Jemez Mountains, 

in the saddle of a short east-west trending mesa. The Water 

Canyon Fault Zone cuts through the tuff approximately 500 ft 

to the east. To the north the Canon de Valle has cut through 

the fault scarp, draining an area on the west of the sierra 



de los Valles flanks. To the south is a small unnamed canyon 
containing intermittent discharge from local outfalls. The 
main technical centers of TA-16 are located west of Area P 
(See Figure 02). 

The mesa is capped by approximately 800 ft of Bandelier Tuff 
(Purtymun, 1968). Five distinct units, composed of groups of 
ashflows, have been recognized in the Tshirege Member of the 
Bandelier Tuff (Griggs, 1964; Smith and Bailey, 1966), of 
which two units were encountered during drilling operations 
at Area P (Brown, 1987). In addition, scattered outcrops of 
El Cajete Pumice occur in the area. 

In order to establish the subsurface geology of Area P a 
series of 17 boreholes (numbered P-O through P-16) was 
drilled in the summer of 1987. Drilling was done with a 
CME-55 rotary drilling rig and four-inch conventional auger. 
Continuous auger cuttings were retrieved for moisture 
analysis, and one set of continuous core was recovered using 
six-inch hollow stem auger and split spoon core barrels. 

Borehole logging of lithology was done on the basis of four 
characteristics: (1) color (Goddard et al., 1984), (2) 
degree of welding, (3) shape and abundance of pumice 
lapilli, and (4) distribution of lithic fragments. Four 
distinct types of welding were recognized during drilling 
operations: 



1. Non-welded: high porosity, low cohesion of glassy 

fragments and crumbly texture. In core samples this can be 

recognized by disaggregation and little or no flattening of 

pumice lapilli. 

2. Moderately welded: less porosity, moderate cohesion, 
brittle texture and slight deformation of glassy fragments. 
In core samples this texture crumbles easily in the hand and 
contains some noticeably flattened pumice lapilli. 

3. Welded: low porosity, good cohesion, brittle texture 
and noticeable deformation of glassy fragments. This texture 
normally requires a hammer to break, and the majority of 

pumice fragments are noticeably flattened. 

4. Densely welded: texture noticeably impedes or halts 

drilling; little or no penetration; poor core recovery. 

Two major lithologic units have been recognized at Area P 

(person. comm., w. Purtymun, 1987). Unit 3, the uppermost 

unit encountered during drilling operations, consists of 

four individual ashflows that appear to have cooled as a 

single unit. These ashflows are herein designated as 

Subunits 3a, 3b, 3c and 3d (bottom to top). Unit 3 rests 

conformably above Unit 2, the lowermost unit encountered. In 



the vicinity of Area P dip is negligible, and the units are 
essentially horizontal and of uniform thickness. 

Subunit 3a consists of a welded dark yellowish brown 
tuff, with rare pumice lapilli (slightly flattened), and 
abundant pebble sized red porphyritic latite and grey 
rhyolite lithic fragments. The contact between Subunit 3a 
and Unit 2 tends to be densely welded. East of the Water 
Canyon Fault this unit appears to be non-welded. 

Subunit 3b consists of a welded pale yellowish brown 
tuff, with common grey and red pumice lapilli, (noticeably 
flattened), and rare pebble sized rhyolite lithic fragments. 
This unit weathers to a dark brown, and contains abundant 
clayey pumice lapilli to the north-west. 

Subunit 3c consists of a moderately welded brownish 
grey to yellowish brown tuff, with common grey pumice 

lapilli (noticeably flattened), and rare pebble sized 

rhyolite lithic fragments. Clay filled vertical fractures 
are common throughout this subunit. The contact between 3c 
and 3d tends to be densely welded. 

Subunit 3d outcrops along the higher rim of the saddle, 
and consists of a moderately welded yellowish brown tuff, 
with rare pebble sized rhyolite lithic fragments and common 



grey pumice lapilli. Subunit 3d is overlain by scattered 
deposits of El Cajete Pumice. 

Locally, Unit 2 consists of a welded to densely welded tuff, 
light grey to pinkish grey in color, with common pumice 
lapilli and pebble sized rhyolite fragments. Due to dense 
welding the drill bit was only able to penetrate the upper 5 
to 10 ft of Unit 2. See Figure D3. 

III. IN-SITU MOISTURE CONTENT 

Hydrologic characteristics of tuff depend primarily on the 
degree of welding, with porosity and hydraulic conductivity 
decreasing as the degree of welding increases. At Los 
Alamos, saturated hydraulic conductivity for a moderately 
welded tuff ranges from 0.1 to 1.7 ftjday, and for a welded 
tuff ranges from 0.009 to 0.26 ftjday (Abeele et al., 1981). 
Samples of tuff recovered during drilling operations at Area 
P were not saturated. 

Gravimetric moisture determinations were conducted to obtain 
a direct measurement of in-situ water content of the tuff. 
Samples were taken from drill cuttings every 5 or 10 ft, and 
moisture determinations were made by weighing samples 

immediately after collection and after oven-drying 24 hrs at 
105 degrees c. 



Although gravimetric moisture determinations are relatively 
easy to perform, care must be taken to insure that the heat 
produced by drilling does not bias the samples collected. In 
the few cases where drill cuttings were noticeably warm to 
the touch, or water vapor was noticed coming from the 
borehole, samples were not collected for analysis. Care was 
also taken to maintain the drying oven at 105 degrees C to 
ensure that no structural water was driven off. 

Table 01 provides a summary of gravimetric data collected 
for Unit 3, and indicates a low overall moisture content for 
Area P. Although a range of 1.9 to 24.7% is considered low, 
this value slightly exceeds the gravimetric moisture content 
determined for technical areas further to the east (5-11% 
for TA-33, Abrahams 1963; 2-20% for TA-54; Kearl et al., 
1986). This increase may be due to increased rainfall at TA-
16 caused by orographic effects adjacent to the Jemez 
Mountains. 

Unit Mean 

3d 5.2 

3c 6.1 

3b 5.7 

3a 3.8 

Total Unit 5.8 

(%) STD 

3.6 

3.5 

2.1 

1.4 

3.0 

Range (%) 

2.2-17.7 

1.9-24.7 

2.3-11.4 

2.3-5.8 

1.9-24.7 
Table Dl: Average Gravimetric Moisture Content. STD = Standard Deviation. 
------------------------------------------------------------



The energy relationship with moisture content for the 
Tshirege Member of the Bandelier Tuff was worked out for 
volumetric moisture content by Abrahams (1963). Volumetric 
values can be converted to gravimetric values by using the 
average bulk density of the tuff. Repeated neutron and gamma 
probe calibration runs have established an average bulk 
density for the Tshirege Member of 1.4 gjcm3 . In addition, 
the density of ten random samples was obtained after drying 
by weighing crushed tuff of a known volume. Average density 
for the ten samples was 1.47 gjcm3 , with a standard 
deviation of 0.12. 

TA-16 Area P lies in the vadose zone of the Bandelier Tuff, 
a zone defined by Everett et al. (1984) as existing beneath 
the topsoil and above the water table, in which moisture in 
pore spaces coexists with air or in which geological 

materials are unsaturated. Based on the results of Abrahams 
(1963), saturation of the Tshirege Member of the Bandelier 
Tuff, and thus groundwater, occurs when gravimetric moisture 
content is about 29%. When moisture content is below 7% 
there is no movement of water; between 7 to 21% moisture is 
redistributed by diffusion; between 21 to 29% moisture 
distribution is by gravity and capillarity, and above 29% 
movement is by gravity drainage (Figure 04). From Table Dl 
it can be seen that the primary mechanism for moisture 



distribution at Area P is diffusion. There is no evidence 

for the existence of groundwater at Area P. 
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Fiqure 04. Energy relationship with moisture content of 
Bandelier Tuff (modified from Abrahams, 1963). 



TABLE D-2 
DATA FROM DRILLING CORES RECOVERED AT WELL P-16A 

RESULTS OF HEAVY METALS ANALYSES: 

EPA EXTRACT CONCENTRATIONS (in milligrams/liter) 

CORE DEPTHS (in feet) UNCERTANITY 

PARAMETER 10 50 55 60 81 (mgjl) 

Arsenic <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Barium <0.05 0.07 0.09 0.09 <0.05 <0.05 
Cadmium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 
Chromium <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
Lead <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 Mercury <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 
Selenium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 Silver <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

VOLUMETRIC MOISTURE CONTENT OF CORE LOGS RECOVERED FROM WELL 
P-16A 

Depth 

0.5 ft 
5.5 ft 

10.5 ft 
15.5 ft 
20.5 ft 

% Moisture 

5.6 % 
16.0 % 
10.1 % 
13.8 % 
13.1 % 

AVERAGE GRAVIMETRIC MOISTURE CONTENT (%) FROM FIFTEEN 
DIFFERENT CORE LOGS AT TA-16 AREA P LANDFILL 

GEOLOGIC UNIT MEAN MOISTURE (%) STD RANGE (%) 

3 d 5.2 3.6 2.2 - 17.7 
3 c 6.1 3.5 1.9 - 24.7 
3 b 5.7 2.1 2.3 - 11.4 
3 a 3.8 1.4 2.3 - 5.8 

Total for Unit 5.8 3.0 1.9 - 24.7 

Notes: (1) See Figure D-3 for Geologic Unit Cross Section 
(2) STD = standard deviation. 
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TABLE D-3 
TARGET VOLATILE AND SEMI-VOLATILE ORGANIC COMPOUND 

INDENTIFICATION LIST FOR WELL P-16 CORE SAMPLES 

Compound Name CAS Number 

Acetone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 641 
Benzene. . • . • . . • • • . • . . . • • . . . . . • • . . . . . . . . . . . . . . . . . . . . . 714 3 2 Bromodichloromethane................................ 75274 Bromoform........................................... 75252 Bromomethane (methyl bromide)....................... 74839 2-Butanone (methyl ethyl ketone).................... 78933 Carbon Disulfide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5150 Carbon Tetrachloride................................ 56235 Chlorobenzene....................................... 108907 Chl oroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5o 0 3 Chloroform.......................................... 67663 Chloromethane (methyl chloride)..................... 74873 1,2-Dichlorobenzene................................. 95501 1,3-Dichlorobenzene ................................. 541731 1,4-Dichlorobenzene •................................ 106467 1,1-Dichloroethane (ethylidene dichloride).......... 75343 1,2-Dichloroethane .................................. 107062 1, 2-Dichloroethene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 0590 1,1-Dichloroethylene................................ 75354 1,2-Dichloropropane (propylene dichloride).......... 78875 cis-1,3-Dichloropropene ............................. l0061015 trans-1,3-Dichloropropene ........................... l0061026 Ethyl Benzene....................................... 100414 Naphthalene......................................... 91023 Methylene Chloride. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 5092 4-Methyl-2-Pentanone ................................ 108101 Styrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 o 0 4 2 5 1,1,2,2-Tetrachloroethane........................... 79345 Tetrachloroethane. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 718 4 Toluene............................................. 108883 1,1,2-Trichloroethane............................... 79005 1,1,1-Trichloroethane (methyl chloroform)........... 71556 Tr ichloroethene. • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 9 o 16 Trichloroflouromethane.............................. 75694 Vinyl Acetate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 054 Vinyl Chloride (chloroethene)....................... 75014 Xylenes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 3 02 7 

NOTE: All of the above compounds were at concentrations below GC/MS detection limits. Sample date was 9-10-87. 



TABLE D-4. RECONNAISSANCE WATER QUALITY AND SEDIMENT SAMPLING LOS ALAMOS NATIONAL LABORATORY - TA-16 AREA P LANDFILL SEE ATTACHED MAP FOR SAMPLE LOCATIONS PG. 1 OF 2 ====================================================================== STATION ID : TA-16 AREA P - CANON DE VALLE 
SAMPLE TYPE: SURFACE WATER SAMPLES - CANON DE VALLE 
SAMPLE DATE: DECEMBER 7, 1987 
LABORATORY : LANL HSE-9 LABORATORY (ANALYSES ON 12-15-87) ====================================================================== PARAMETER CONCENTRATION ===> (all units in rng/1) 

SAMPLE NO. As Ba Cd Cr Pb Hg se Ag ====================================================================== 57 < 0.05 3.50 < 0.01 < 0.05 < o.os < 0.001 < 0.01 < 0.05 59 < 0.05 3.50 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 63 < 0.05 3.50 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 64 < 0.05 3.30 < 0.01 < o.os < o.os < 0.001 < 0.01 < 0.05 70 < 0.05 .so < 0.01 < o.os < o.os < 0.001 < 0.01 < 0.05 
UNCERTAINITY 0.05 0.05 0.01 0.05 0.05 0.001 0.01 0.05 ====================================================================== SAMPLE NO. SAMPLE DESCRIPTION ==> 
====================================================================== 57 DOWNSTREAM SURFACE WATER SAMPLE 

59 SURFACE WATER NORTH OF LANDFILL 
63 SURFACE WATER NORTH OF LANDFILL 
64 UPSTREAM SURFACE WATER SAMPLE 
70 SNOWMELT IN INFLOW DRAINAGE CHANNEL ====================================================================== 



TABLE D-4. RECONNAISSANCE WATER QUALITY AND SEDIMENT SAMPLING 
LOS ALAMOS NATIONAL LABORATORY - TA-16 AREA P LANDFILL 
SEE ATTACHED MAP FOR SAMPLE LOCATIONS PG. 2 OF 2 ====================================================================== STATION ID : TA-16 AREA P - CANON DE VALLE 
SAMPLE TYPE: STREAM SEDIMENTS & SOIL SAMPLES - EPA WATER EXTRACT 
SAMPLE DATE: DECEMBER 7, 1987 
LABORATORY : LANL HSE-9 LABORATORY (ANALYSES ON 12-15-87) 
====================================================================== 

PARAMETER CONCENTRATION ===> (all units in mgjl) 

SAMPLE NO. As Ba Cd Cr Pb Hg Se Ag 
====================================================================== 

55 < 0.05 .60 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
56 < 0.05 .50 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
58 < 0.05 .50 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
60 < 0.05 2.70 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
61 < 0.05 .50 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
62 < 0.05 2.10 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
65 < 0.05 2.70 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
66 < 0.05 .50 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
67 < 0.05 .90 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 
68 < 0.05 2.70 < 0.01 < 0.05 .13 < 0.001 < 0.01 < 0.05 
69 < 0.05 1.30 < 0.01 < 0.05 < 0.05 < 0.001 < 0.01 < 0.05 

UNCERTAINITY 0.05 0.05 0.01 0.05 0.05 0.001 0.01 0.05 ====================================================================== SAMPLE NO. SAMPLE DESCRIPTION ==> 
====================================================================== 

55 LANDFILL EROSION SOIL SEDIMENTS 
56 BACKGROUND EROSION SOIL SEDIMENTS 
58 DOWNSTREAM SURFACE CHANNEL SEDIMENTS 
60 SURFACE CHANNEL SEDIMENTS NORTH OF LANDFILL 
61 SURFACE CHANNEL SEDIMENTS NORTH OF LANDFILL 
62 SURFACE CHANNEL SEDIMENTS NORTH OF LANDFILL 
65 UPSTREAM SURFACE CHANNEL SEDIMENTS (NORTHWEST) 
66 DRAINAGE CHANNEL SEDIMENTS WEST OF LANDFILL 
67 DRAINAGE CHANNEL SEDIMENTS AT CANON DE VALLE 
68 DRAINAGE CHANNEL SEDIMENTS SOUTH OF LANDFILL 
69 INFLOW DRAINAGE CHANNEL SEDIMENTS 

====================================================================== 
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BOREHOLE: P-87-00 
GEOLOGIST: Fred Brown 
DATE DRILLED: 21 JULY 1987 
ELEVATION: 7399 ft 
LOCATION: 476215,1763523 
TOTAL DEPTH: 135 ft 
DISPOSITION: Aluminum Casing 

DEPTH 

0-3 

3-40 

40 

40-110 

110 

110-135 

135 

DESCRIPTION 

Fill/Top Soil (sandy loam) 

Unit 3c. Light brownish grey tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Common grey pumice lapilli 

Contact is strongly welded 

Unit 3b. Pale yellowish brown tuff 
Moderately welded 
Rare rhyolite fragments 
Abundant grey pumice lapilli 
Fracture noted at 45 ft 

Contact is strongly welded 

Unit 3a. Dark yellowish brown tuff 
Welded 
Abundant rhyolitejlatite lithic fragments 
Rare pumice lapilli 

Unit 2. Densely welded tuff halts drilling 
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BOREHOLE: P-87-01 
GEOLOGIST: Fred Brown 
DATE DRILLED: 29 JULY 1987 
ELEVATION: 7344 ft 
LOCATION: 475756,1764645 
TOTAL DEPTH: .35 ft 
DISPOSITION: PVC Casing 

DEPTH 

0-4 

5-10 

10-35 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3b. Dark yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3b. Pale yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 



WELL COMPLETION DIAGRAM 
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BOREHOLE: P-87-02 
GEOLOGIST: Fred Brown 
DATE DRILLED: 23 JULY 1987 
ELEVATION: 7341 ft 
LOCATION: 475708, 1764617 
TOTAL DEPTH: 10 ft 
DISPOSITION: Filled In 

DEPTH 

0-3 

3-10 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3b. Dark yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 



BOREHOLE: P-87-03 
GEOLOGIST: Fred Brown 
DATE DRILLED: 23 JULY 1987 
ELEVATION: 7342 ft 
LOCATION: 475676, 1764596 
TOTAL DEPTH: 9 ft 
DISPOSITION: Teflon Casing 

DEPTH 

0-3 

3-9 

DESCRIPTION 

Top Soil, boulders and cobbles 

Unit 3b. Dark yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
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WELL COMPLETION DIAGRAM 
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BOREHOLE: P-87-04 
GEOLOGIST: Fred Brown 
DATE DRILLED: 28 JULY 1987 
ELEVATION: 7348 ft 
LOCATION: 475588, 1764562 
TOTAL DEPTH: 10 ft 
DISPOSITION: Teflon Casing 

DEPTH 

0-4 

4-10 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3b. Dark yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
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BOREHOLE: P-87-05 
GEOLOGIST: Fred Brown 
DATE DRILLED: 29 JULY 1987 
ELEVATION: 7353 ft 
LOCATION: 475520, 1764532 
TOTAL DEPTH: 35 ft 
DISPOSITION: PVC Casing 

DEPTH 

0-3 

3-15 

15-35 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3b. Dark yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3b. Orange pink tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare grey pumice lapilli 



WELL COMPLETION DIAGRAM 
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BOREHOLE: P-87-06 
GEOLOGIST: Fred Brown 
DATE DRILLED: 28 JULY 1987 
ELEVATION: 7352 ft 
LOCATION: 475467, 1764514 
TOTAL DEPTH: 10 ft 
DISPOSITION: Teflon Casing 

DEPTH 

0-4 

4-10 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3b. Pale yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
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BOREHOLE: P-87-07 
GEOLOGIST: Fred Brown 
DATE DRILLED: 29 JULY 1987 
ELEVATION: 7356 
LOCATION: 475381, 1764491 
TOTAL DEPTH: 35 ft 
DISPOSITION: PVC Casing 

DEPTH 

0-2 

2-5 

5-6 

6-35 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3b. Pale yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Weathered dark reddish brown clay 

Unit 3b. Pale yellowish brown tuff 
Moderately welded 
Common rhyolite lithic fragments 
Rare pumice lapilli 



WELL COMPLETION DIAGRAM 
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BOREHOLE: P-87-08 
GEOLOGIST: Fred Brown 
DATE DRILLED: 28 JULY 1987 
ELEVATION: 7370 ft 
LOCATION: 475257, 1764405 
TOTAL DEPTH: 10 ft 
DISPOSITION: Teflon Casing 

DEPTH 

0-3 

3-10 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3c. Dark yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
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BOREHOLE: P-87-09 
GEOLOGIST: Fred Brown 
DATE DRILLED: 29 JULY 1987 
ELEVATION: 7376 ft 
LOCATION: 475183, 1764381 
TOTAL DEPTH: 35 ft 
DISPOSITION: PVC Casing 

DEPTH 

0-3 

3-15 

15-33 

33-35 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3c. Moderate brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Common grey pumice lapilli 

Unit 3b. Greyish brown tuff 
Welded 
Abundant rhyolitejlatite lithic fragments Common red-brown pumice lapilli 

Unit 3b. Pale brown tuff and clay 
Moderately welded 
Rare rhyolite lithic fragments 
Abundant clayey pumice lapilli 
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BOREHOLE: P-87-10 
GEOLOGIST: Fred Brown 
DATE DRILLED: 30 JULY 1987 
ELEVATION: 7411 ft 
LOCATION: 475814, 1764473 
TOTAL DEPTH: 150 ft 
DISPOSITION: Uncased 

DEPTH 

0-3 

3-5 

5-50 

50 

50-120 

120-150 

150 

DESCRIPTION 

Fill/Top Soil (sandy loam) 

Unit 3c. Dark yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Common red pumice lapilli 

Unit 3c. Pale yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Common grey pumice lapilli 

Contact is strongly welded 

Unit 3b. Pale yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Common red pumice lapilli 

Unit 3a. Dark yellowish brown tuff 
Moderately welded 
Abundant latite lithic fragments 
Rare grey-red pumice lapilli 

Unit 2. Pale yellowish brown tuff 
Densely welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 



WELL COMPLETION DIAGRAM 
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BOREHOLE: P-87-11 
GEOLOGIST: Fred Brown 
DATE DRILLED: 27 AUGUST 1987 
ELEVATION: 7409 ft 
LOCATION: 475991, 1763584 
TOTAL DEPTH: 70 ft 
DISPOSITION: Uncased 

DEPTH 

0-2 

2-35 

35-45 

45-50 

50-70 

DESCRIPTION 

Top Soil (sandy loam) 

Unit 3c. Dark yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Common red pumice lapilli 

Unit 3c. Pale yellowish brown tuff 
Slightly welded · 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3c. Dark yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3b. Pale yellowish brown tuff 
Densely welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 



BOREHOLE: P-87-12A 
GEOLOGIST: Fred Brown 
DATE DRILLED: 26 August 1987 
ELEVATION: 7448 ft 
LOCATION: 476664, 1764036 
TOTAL DEPTH: 200 ft 
DISPOSITION: Aluminum Casing 

DEPTH 

0-1 

1-3 

3-5 

5-50 

50 

50-102 

102 

102-173 

173 

173-195 

195-200 

DESCRIPTION 

El Cajete Pumice 

Pumice/Top Soil (sandy loam) 

Clay 

Unit 3d. Greyish pink tuff 
Slightly welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Contact moderately welded 
Abundant brown pumice lapilli 

Unit 3c. Light brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Contact moderately welded 
Abundant rhyolitejlatite lithic fragments Common grey pumice lapilli 

Unit 3b. Pale yellowish brown tuff Slightly welded 
Rare rhyolite lithic fragments 
Common reddish pumice lapilli 

Contact slightly welded 
Abundant rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3a. Pale yellowish brown tuff 
Non-welded 
Abundant rhyolitejlatite lithic fragments Rare pumice lapilli 

Unit 2. Dark yellowish brown tuff 
Densely welded 
Abundant rhyolite lithic fragments Rare pumice lapilli 
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BOREHOLE: P-86-13 
GEOLOGIST: William Purtymun 
DATE DRILLED: 3 OCTOBER 1986 
ELEVATION: 7445 ft 
LOCATION: 475720, 1764264 
TOTAL DEPTH: 103 ft 
DISPOSITION: Aluminum Casing 

DEPTH DESCRIPTION 

0-38 Unit 3d. Light brown tuff 
Moderately welded 

38 

38-84 

84-103 

Rare rhyolitejlatite lithic fragments Rare pumice lapilli 

Contact strongly welded 
Common rhyolitejlatite lithic fragments 

Unit 3c. Grey tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3b. Light grey tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
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BOREHOLE: P-87-14 
GEOLOGIST: Fred Brown 
DATE DRILLED: 28 AUGUST 1987 
ELEVATION: 7437 ft 
LOCATION: 475365, 1764251 
TOTAL DEPTH: 85 ft 
DISPOSITION: Aluminum Casing 

DEPTH DESCRIPTION 

0-4 Fill/Top Soil (sandy loam) 

4-30 Unit 3d. Pale yellowish brown tuff Moderately welded 

30 

30-35 

35-75 

75-85 

Rare rhyolite lithic fragments 
common grey pumice lapilli 

contact is strongly welded 
Abundant rhyolite lithic fragments Common grey pumice lapilli 

Unit Jc. Pale yellowish brown tuff Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit Jc. Dark yellowish brown tuff and clay Welded 
Rare rhyolite lithic fragments 
Abundant clayey pumice lapilli 

Unit Jb. Pale yellowish brown pumice Densely welded 
Rare rhyolite lithic fragments 
common grey pumice lapilli 



WELL COMPLETION DIAGRAM 
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BOREHOLE: P-87-15 
GEOLOGIST: Fred Brown 
DATE DRILLED: 27 AUGUST 1987 
ELEVATION: 7413 ft 
LOCATION: 475803, 1763520 
TOTAL DEPTH: 70 ft 
DISPOSITION: Uncased 

DEPTH DESCRIPTION 

0-1 El Cajete Pumice 

1-3 Pumice/Top Soil (sandy loam) 
3-4 Dark yellowish brown clay 

4-40 Unit 3c. Dark yellowish brown tuff Moderately welded 

40-50 

50-55 

55-70 

Rare rhyolite lithic fragments Common red-grey pumice lapilli 

Unit 3c. Pale yellowish brown tuff Slightly welded 
Rare rhyolite lithic fragments Rare pumice lapilli 

Unit 3c. Dark yellowish brown tuff Moderately welded 
Rare rhyolite lithic fragments Common red-grey pumice lapilli 

Unit 3b. Dark yellowish brown tuff Densely welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 



BOREHOLE: P-87-16A 
GEOLOGIST: Fred Brown 
DATE DRILLED: 4 SEPTEMBER 1987 
ELEVATION: 7452 ft 
LOCATION: 475550, 1764200 
TOTAL DEPTH: 105 ft 
DISPOSITION: Aluminum Casing 

DEPTH 

0-5 

5-7 

7-15 

15-26 

26-31 

31-42 

42-46 

46-50 

50-60 

60-68 

DESCRIPTION 

Fill/Dark Brown Clay 

Top Soil (sandy loam) 

Unit 3d. Pale yellowish brown tuff 
Slightly welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
Vertical fracture at 9-12 ft 

Unit 3d. Greyish orange pink tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Oxidation halo surrounds rhyolite 
lithic fragments 

Rare brown pumice lapilli 
Vertical fracture 19-22 ft 

Extensive clay-filled vertical fractures 

Unit 3d. Greyish orange pink tuff 
Moderately welded 
Common oxidized rhyolite lithic fragments Common grey pumice lapilli 

Unit 3c. Pale red tuff 
Welded 
Common oxidized rhyolite lithic fragments Common grey pumice lapilli 
Clay-filled vertical fracture (width to .s in) 
Unit 3c. Pale yellowish brown tuff 
Welded 
Common oxidized rhyolite lithic fragments Common grey pumice lapilli 

Densly welded, no core recovered 

Unit 3c. Greyish red tuff 
Welded 
Rare rhyolite lithic fragments 
Common large (to 2 in) pumice lapilli 



68-74 

74-81 

81-87 

87-105 

Unit 3c. Pale brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare clayey pumice lapilli 

Unit 3c. Pale yellowish brown tuff 
Moderately welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 
Clay-filled vertical fracture (width to .75 in) 
Unit 3c. Pale yellowish brown tuff 
Welded 
Rare rhyolite lithic fragments 
Rare pumice lapilli 

Unit 3b. Densly welded, no core recovered 
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APPENDIX E 

Post-Closure Inspection Schedule 



ITEM 

LANDFILL COVER 

1. Settlement 

2. Integrity 

3. Erosion 

4. Presence of 
biointrusion 
in soil cover 

5. Dead or dying 
vegetation 

6. Culverts and 
discharge 
channels for 
evidence of 
damage, leaks 
or blockage 

TABLE E-1 
POST-CLOSURE INSPECTION SCHEDULE 

FREQUENCY OF 
INSPECTION 

Quarterly 

Quarterly 

Quarterly or after 
major rainstorm 

Quarterly 

Quarterly, except 
winter 

Quarterly or after 
major rainstorms 

RESPONSE 

Check for pending; regrade 

Check for cracks present in 
concrete; initiate repairs 

Regrade; add more topsoil 
and revegetate as required 

Remove tree-shrub seedlings 
via cutting or herbicide; 
borrowing animals via 
pesticide applications 

Fertilize as needed, check 
for presence of landfill 
gas if difficulty persists 

Initiate repairs 

-----------------------------------------------------------------APPURTENANCES 

7. Monitor well 
and neutron 
probe casings 

8. Leachate tank 
fluid level 
and plumbing 

9. Benchmarks 

lO.Gates, locks, 
signs 

Quarterly 

Quarterly or after 
major rainstorms 

Biannually 

Quarterly 

Check for casing integrity; 
note lock condition and 
replace as required 

Check tank fluid level and 
empty as required; check 
for leaks and repair 

Clear vegetation 

Repair as required 



APPENDIX F 

Ground-Water Sampling and Analysis Plan 



INTRODUCTION 

In the event recoverable volumes of ground-water are encountered 
in monitoring wells at the Area P landfill, samples of the 

ground-water will be collected and analyzed in accordance with 
procedures described below. All monitoring wells and neutron 
moisture log test holes at the Area P landfill will be checked 
quarterly to determine if water is present in the wells. The 

presence of water in wells will be determined by depth-to-water 
measurements which will be taken in each well to the nearest 0.01 
feet using a graduated steel tape or equivalent method. When 
recoverable fluids are present in the wells, water samples will 
be collected quarterly and analyzed for constituents listed in 
Table F-1 during the first year after closure. The schedule shown 

in Table F-3 will be followed in Years Two through Thirty if 

sufficient water volumes continue to be present. It should be 

noted that these wells have been routinely checked (weekly to 

bimonthly) since their completion in September 1987; to date they 

have been consistently dry. Should these wells continue to be 

dry, then they will be inspected for recoverable fluids at least 
quarterly throughout the post-closure period. In the unlikely 
event that any or all of these wells yield recoverable water 
volumes after the first year sampling schedule has transpired, 

then the first year sampling schedule (Table F-1) will still be 

initiated before the schedule in Table F-3 is followed. 



SAMPLING AND ANALYSIS PROCEDURES 

The following sections define procedures and methods for sam-

pling, 

plan. 

analyses, and documentation applicable to this closure 

While the procedures and methods are specific, any appli-

cable procedure or method defined in the most current edition of 

Test Methods for Evaluating Solid Wastes, U.S. EPA SW-846, may be 

used if conditions or experience show alternate methods to be 

more appropriate. The sample collection personnel will be 

instructed to heed the following precautions: 

o Do not smoke, eat, or handle any objects not necessary for 

sampling while performing sampling procedures. 

o Do not sample downwind of any potential sources of volatile 

organics such as car exhausts, open fuel tanks, etc. These 

could result in contamination of the sample. If any such 

sources are unavoidable, make a note of them in the field 

logbook. 

o Leave caps on the sample containers until just before fill

ing. 

o Avoid handling the teflon bottle cap liners. Do not use 

any liner which falls out of the cap and onto the ground. 

o Gloves should be worn when taking samples and when handling 

bottles, especially those requiring preservative treatment. 



To ensure that the samples collected are representative of the 

ground-water, monitoring wells will be purged prior to sampling, 

and the samples will be collected using devices that should not 

induce sample alteration. Well purging will be conducted accord

ing to the borehole volume removal procedure, but a check will 

also be made on the adequacy of the calculated purging time via 

measurements of pH, specific conductance, and temperature. These 

measurements are taken periodically during the calculated purging 

time. This extra check will give additional assurance that the 

stagnant well bore water has been removed from the well and that 

the samples collected are representative of the ground-water. 

After the water begins to flow from the purging pump, the well 

will be pumped for the length of time necessary to purge three to 

four well volumes and until pH, temperature, and specific 

conductance stabilize. The pH, temperature, and specific 

conductance of the discharged water will be measured at least 

three times during purging. The pH will be considered stable 

when two consecutive measurements agree within 0. 3 pH units. 

Temperature will be considered stable when two consecutive 

measurements agree within 0. 5 degrees c. Specific conductance 

will be considered stable when two consecutive measurements agree 

within twenty-five mhosjcm. 

If the well pumps dry while purging, the pump will be turned off 

and the well will be allowed to recharge for up to 24 hours. Af-



ter sufficient recharge has occurred, samples will be collected 
with a sampling pump or bailers. Should sufficient recharge not 

occur for sample collection within 24 hours, the well will be 
considered dry and samples will not be collected. All samples 

will be collected in EPA-approved containers and preserved in ac
cordance with EPA methods (Table F-4). Sample bottles will be 
filled slowly to prevent entrapment of any air bubbles. For those 
samples requiring zero head space, the bottles will be filled 
completely such that a meniscus forms. Volatile organic analysis 
(VOA) samples will be collected at sample rates less than 100 
milliliters per minute. The cap will be replaced immediately and 
the bottle will be turned upside down, tapped a few times and 
checked for air bubbles in the sample. If a bubble exists, the 
sample will be discarded and the sampling procedures repeated 
until an air-free sample is obtained. 

Quality Control 

The quality control effort will include checks performed on the 

laboratory through submission of blanks, spikes, and replicate 
samples, as well as the analytical laboratory's routine quality 

control procedures. A field blank and transfer blank will be 
submitted with each sample collected for volatile organic analy

sis. In addition, during the first six months of sampling under 
this program, blanks and replicates will be used to test for var

ious types of possible variation in the data. 



Inorganic analyses will be performed primarily using Inductively 

Coupled Plasma Emission Spectrometry (ICAP), Ion Chromatography 

and Graphite Furnace Atomic Absorption (GFAA). The following 

general quality control procedures will be standard for all inor
ganic analyses: 

o Standard curve - daily 

o Verification of standard (to +30 percent) - every 20 sam

ples 

o Blank - each extraction batch 

o Random matrix spike for 10 percent of samples. 

Organic analyses will be performed primarily using Gas Chromatog
raphy and GC/MS. The following general quality control proce
dures will be standard for all organic analyses: 

o Five-point curve - verify every 12 hours 

o Random matrix spike for 10 percent of samples 

o Blank - every extraction batch 

o Internal standards and surrogates. 

Chain-of-Custody Procedures 

To ensure the integrity of the samples from time of collection 

through data reporting, the history of the custody of each sample 



will be documented. A sample is considered to be under a per

son's custody if it is: (1) in his physical possession, (2) in 

his view after he has taken possession, (3) secured by him so 

that no one can tamper with the sample, or (4) secured by him in 

an area which is restricted to authorized personnel. Anyone hav
ing custody of samples must comply with the procedures described 

below. 

Sample Containers and Labels 

Gummed paper labels will be filled out and affixed to all sample 

containers with waterproof transparent tape before field 

sampling. Labeled and prepared containers for all sampling con

stituents will be placed in a labeled box for each sampling 

station. Extra blank labels and prepared bottles will be taken 

in the field as a precaution. 

After each individual sample has been collected, it will be 

placed into a large ice chest for transport to the laboratory. 

Each sample will have an attached label with a unique 

identification number (ID) written on it. This number will be 

used in all references to the collected sample; it will prevent 

misidentification of multiple samples. The sample ID number will 

be recorded in a field notebook, along with the sample location, 

date, boring or well number, a depth-to-water measurement from 

the monitoring well to the nearest 0.01 foot, parameters to be 



analyzed, field preservations used, whether the sample was 

filtered or unfiltered, and any other important field 

observations or measurements. The receiving laboratory will only 

be informed of the following information: (1) sample ID number; 

( 2) sample type ( ie, water, sediment, etc. ) ; ( 3) 

collection; (4) field preservation techniques 

sample, including filtration if applicable; (5) 

date of sample 

used on that 

sample field 

measurements for pH, temperature, and specific conductance; (6) 

cleaning protocol used for sample containers; ( 7) any unusual 
sampling event or field observation that might have inadvertently 

contributed to sample contamination; and (8) chemical, 

biological, and/or radiological analyses requested. 

Sample Holding Container Seals 

Once the field sample holding container (ice chest) has been 

filled with labeled samples, a completed duplicate Chain-of

Custody form will be inserted into a waterproof envelope and 

placed inside the chest. This Chain-of-Custody form will list 

the ID number for each sample contained inside that ice chest. A 

duplicate Chain-of-Custody form will also be attached to the 

outside of the ice chest so that appropriate signatures may be 

recorded. The chest will then be sealed with waterproof plastic 

tape before this chest leaves the custody of sampling personnel. 

This external ice chest seal will be attached in such a way that 

it is necessary to break the seal in order to open the ice chest. 



A sufficient number of ice chests will taken into the field so 

that all recovered samples may be placed in a sealed ice chest. 

These chests will remain within sight of the sampler until a 

change of custody occurs. 

Field Logbook 

A field logbook will be utilized to record (in waterproof ink) 

all pertinent information about each sample collected. It will 

be a bound book, with consecutively numbered pages. The logbook 

will be kept in a locked PNL cabinet when not in field use. 

Minimum entries in the log book will include: 

a. Purpose of sample (routine sampling, special sampling, 

detection or assessment monitoring, etc.) 

b. Location of Sampling 

c. Name and address of person making log entry 

d. Type of process producing waste 

e. Number and volume of sample taken 

f. Description of each sampling location, equipment used, 

sampling methodology, etc. 

g. Date and time of sample collection 

h. Sample destination and transporter's name (name of labora

tory, UPS , etc. ) 

i. Map or photograph of the sampling site, if any 



j. Field observations (ambient temperature, sky conditions, 

past 24-hour precipitation, etc.) 

k. Field measurements, if any (pH, flammability, explosivity, 

specific conductance, etc.) 

1. Collector's sample identification number(s) 

m. Signature of person responsible for the log entry 

n. Analytical parameters requested 

Chain-of-Custody Form 

A Chain-of-Custody form will accompany all samples from the time 
they are collected until they are disposed of after analysis and 
reporting. One form will be used for as many samples as possi
ble. Each sample handler who signs the form will return a copy 
of the form to the sample collection organization. 

Sample Analysis Request Form 

A Sample Analysis Report form will accompany all samples deliv

ered to the lab. The field portion of the form will be completed 

by the sample collector; the laboratory portion will be completed 

by laboratory personnel. Both the Chain-of-Custody Form and the 

Sample Analysis Request Form will be filed in an Area P date base 

along with laboratory's final report on chemical analyses. This 

data base shall also include copies of the field logbook entries, 

and calculations from the statistical comparison testing. It 



will be made available to the EID during site inspections, or at 

their written request. 

Sample Delivery to the Laboratory 

Samples will normally be shipped directly to the laboratory on 
the day of collection in an ice chest. If they cannot be shipped 
on the day of collection, they must be stored in a sealed refrig
erator in a locked building within a secured area. All samples 
will be accompanied by a Chain-of-Custody form and a Sample Anal
ysis Request form. The samples will be delivered only to autho
rized laboratory personnel. 

PLAN FOR ESTABLISHING GROUND-WATER QUALITY DATA 

The background ground-water quality values will be established 
during the first year of the ground-water monitoring program. 

Ground-water, surface water, and leachate collection tank samples 
will be collected following the procedures outlined above. Table 
F-1 outlines the constituents selected for testing. Four quar

terly samples will be taken during the first year. For each of 

the indicator parameters specified in Table F-1 (pH, specific 

conductance, TOC, TOX), at least four replicate measurements will 

be obtained for each sample from the upgradient wells and the 

initial background arithmetic mean and variance will be deter

mined by pooling replicate measurements. 



After the first year, all monitoring wells, surface water 

sampling stations, and the leachate collection tank will be 

sampled according to the schedule given in Table F-3. Parameters 

indicating ground-water quality will be sampled annually in 

accordance with 40 CFR Part 265.92 (d) (1). All indicator 

parameters will be sampled semi-annually in accordance with 40 

CFR Part 265.92 (d)(2). Selected additional hazardous waste 

constituents and any organic constituents (Table F-2) detected 
during Year One sample analyses will also be sampled for during 

Years Two through Thirty. Depths to ground-water in individual 

monitoring wells will be recorded to the nearest 0.01 foot 

immediately prior the collection of each sample. 

STATISTICAL ANALYSIS OF DATA 

A goal of the ground-water sampling and analysis program is to 

compare observations on ground-water quality obtained from upgra

dient and down gradient monitoring wells. These comparisons will 

be a part of the evidence pertaining to whether or not a facility 

is contaminating the uppermost aquifer system. 

The statistical techniques used to analyze the data collected 

during the ground-water monitoring program are determined by the 

sampling strategy used. Three possible sampling strategies are: 



1. one large sample of water is obtained from each sampling 

station, separated into four separate parts, and a chemical 

analysis is performed on each part. 

2. Four independent water samples are obtained from each 

sampling station, and each submitted for chemical analysis. 

The definition of independence of water samples is that an 

adequate amount of time has elapsed (or a sufficient amount 

of water has been pumped) between samples so that the 

liquid in one sample does not influence the liquid in 

another sample. 

3. Four independent large water samples are obtained from each 

monitoring station, as in (1) and (2) above. Each large 

sample is split into four smaller parts, and a chemical 

analysis is performed on each part. 

The statistical techniques used to analyze this data will incor

porate estimates of "error" or variability. The "error" state

ments associated with each of the three sampling strategies have 

different interpretations. For strategy (1), the error is ana

lytical error only. It is a function of the differences between 

independent replicate analyses on the same water sample. For 

strategy (2), since independent water samples are obtained, the 

error is a function of both sampling error and analytical error. 

These two error components cannot be separated. The third strat

egy is the most complex. If it is followed, both the sampling 

component of error and the analytical component of error can be 



separately estimated. This separation of errors is accomplished 

by analyzing a hierarchical statistical classification model 

(Snedecor and Cochran,(l) page 285). 

The first sampling strategy leads to an underinflated estimate of 

error, i.e., the "errors" associated with this strategy do not 

reflect variability in the ground water. Consequently, statisti-

cal tests may indicate a significant difference between upgradi-

ent and downgradient observations, when in fact, there is no 

difference. For this reason, the first sampling strategy will be 

not adopted. The third strategy is not viable due to economic 

and logistic considerations. Therefore, the second strategy will 

be adopted. Independent ground-water samples will be obtained 

and each sample analyzed chemically. The error statements should 

properly reflect the variability due to the natural variability 

in the ground water and that due to the chemical analysis. 

The water samples are to be chemically analyzed for constituents 

listed.in Tables F-1 through F-3. For the ground-water sampling 

and analysis monitoring program, the following summary statistics 

will be computed (40 CFR Part 264, Appendix IV): 

(l)Snedecor, G. w., and w. G. cochran, 1967, statistical Methods, 6th Edition, Iowa State University Press, Ames, Iowa. 



n 

0 Sample mean: Xm = ~ (Xi - X) ;n 

i=l 

n 

0 Sample variance: s2 =E (xi- Xro)2 /(n-1) 

i=l 

where xi is the result of the ith analysis and n denotes the num

ber of observations. 

o Sample standard deviation: 

o 95 percent confi~e~ce interval for the mean: Xm + tsj(n) 0 · 5 
and Xm - ts; (n) • where t is the student's t statistic with n-1 degrees of freedom 

o Sample maximum and minimum 

o Sample range: maximum - minimum 

For the ground-water sampling and analysis plan, normal 

background levels will be calculated by pooling values from 

upgradient wells. The results from individual downgradient wells 

will then be compared against the calculated background level. 

Using the appropriately combined data, the background mean (Xb) 

and background variance ( s2b) will be computed for each water 

quality parameter. For individual monitoring wells, surface wa

ter sample stations, and the leachate collection tank, individual 



monitoring means <Xm> and monitoring variances (S 2m> will be com-

puted for each water quality parameter. The equations used to 

compute these summary statistics were previously given. 

The t-test uses the above summary information to calculate a t

statistic (t*) and a comparison t-statistic (tc) so that one may 

determine whether there has been a statistically significant 

change in any individual water quality parameter. The calculated 

t-statistic (t*) for all parameters except pH and similar moni

toring parameters is: 

where ~ and nb denote the number of observations at the 

monitoring station and background sample, respectively. A 

separate t* is computed for each individual water quality 

parameter at that monitoring point. If t* is negative, then there 

is no significant difference between the given monitoring data 

and the background data for that water quality parameter. 

However, if a significantly small negative value for t* is found, 

then it may be indicative of a failure of the assumption made for 

test validity, or that errors have been made in collecting the 

background data. 



The comparison t-statistic (tc) against which t* will be compared 

requires that one find tb and tm from standard (one tailed) 

statistical tables (see Table F-5), where: 

tb = value from Table F-5 with (nb-1) degrees of freedom at the 

0.05 level of significance. 

tm = value from Table F-5 with (~-1) degrees of freedom at the 

0.05 level of significance. 

Special weighting factors, Wb and wm, are computed from the equa

tions: 

and 

The comparison t-statistic (tc) is then computed from the 

equation: 

The calculated t-statistic (t*) will then be compared to the com

parison t-statistic (tc), using the following decision rules: 

(1) If t* is equal to or greater than tc, then it will be 

concluded that there has most likely been a significant increase 

in that specific water quality parameter. 

(2) If t* is less than tc, then it will be concluded that 

there has not been a significant change in that specific water 

quality parameter. 



The t-statistic for testing pH and similar monitoring parameters 

is constructed in the same manner as described above, except that 

the negative sign on t* (if any) is neglected. Furthermore, the 

standard (two-tail) t-values in Table F-5 are used to find tc. 

The decision rules cited above remain in effect in this two

tailed test, except that the discarded negative sign on t* (if 

any) would indicate a significant decrease (and not increase) in 

Rule (1). That is, we might have either a significant increase or 

decrease in pH values (or similar monitoring parameters) . For the 

Area P landfill, the two-tailed t-test procedure will only be 

used for pH data. The one-tailed t-test procedure will be used 

for all other water quality data analyses. 

PREPARATION, EVALUATION AND RESPONSE FOR GROUND-WATER QUALITY 

ASSESSMENT PLAN 

Presently, no data exist which indicate that a release of haz

ardous waste or hazardous waste constituents has occurred from 

the Area P landfill or that any ground-water underlying the site 

has become contaminated as a result of waste disposal activities 

at Area P. Therefore, a ground-water quality assessment program 

to determine the rate and extent of hazardous waste migration is 

not applicable; rather a ground-water sampling and analysis 

program will be implemented. 



In the event that statistical comparisons of upgradient and 

downgradient monitor well water quality data determine that 

significant increases (increases or decreases for pH) in 

contaminant concentrations exist in downgradient wells, the Los 

Alamos National Laboratory (LANL) will immediately conduct 

follow-up sampling. Follow-up sampling will consist of resam

pling those downgradient wells where a significant difference was 

detected. The samples will be split into two portions and 

analyzed to determine whether the significant difference was a 

result of laboratory error. Should these analyses confirm the 
significant increase, then LANL will provide written notice to 

the Director of the New Mexico Environmental Improvement Division 
(Director) within seven days of the date of such confirmation 

that the facility may be affecting ground-water quality. Within 

15 days after this notification, LANL will develop and submit to 

the Director a specific plan for a ground-water quality 

assessment monitoring program at the facility in accordance with 

40 CFR Part 265.93 (d) (2). 

In the event that significant ground-water contamination is de

tected in any of the downgradient monitoring wells, or 

significant surface water contamination is detected in canon de 

Valle, and either of these is confirmed by follow-up sampling, a 

ground-water quality assessment program capable of determining 

the following would be implemented. 



1. Whether landfill hazardous waste or landfill hazardous 

waste constituents have entered ground-waters of the upper

most aquifer; 

2. The rate and extent of migration of landfill hazardous 

waste or landfill hazardous waste constituents in ground

waters of the upper-most aquifer; 

3. The concentration of landfill hazardous waste or landfill 

hazardous waste constituents in the ground-waters of the 

upper-most aquifer. 

The methods and procedures utilized to achieve the above objec

tives will be presented in a specific ground-water quality 

assessment monitoring plan if and when it is required. At a 

minimum the outline of this plan, as shown below, would dictate 

that it include: 

o The number, locations, and depths of additional wells to be 

installed, and a revised quarterly sampling schedule. 

o The sampling and analytical methods to be used to identify 

landfill hazardous waste or hazardous waste constituents. 

o Evaluation procedures for water quality data. 

o A ground-water quality assessment monitoring program 

implementation schedule, and an outline of possible 

corrective actions. 



The overall objectives of this ground-water quality assessment 

plan would necessarily include the following: 

1. A determination of the rate and extent of migration of 

landfill hazardous waste or landfill hazardous waste 

constituents in ground-waters and Canon de Valle; 

2. The concentration of landfill hazardous waste or landfill 

hazardous waste constituents in the ground-waters and Canon 

de Valle. 

RECORDKEEPING AND REPORTING 

The Los Alamos National Laboratory (LANL) will maintain records 

from the water quality monitoring program and submit information 

to the Director in accordance with the schedule given below. 

Ground-water sampling and analysis results, including laboratory 

and statistical data analysis results and ground-water surface 

elevations, will be kept throughout the post-closure care period 

for the Area P landfill. In addition, the following water 

quality monitoring information will be submitted to the Director: 

o During the first year when initial background 

concentrations are being established for the Area P 

landfill, concentrations of all the parameters listed in 

Table F-1 for each water quality sampling station within 15 

days after completing each quarterly analysis. LANL will 



separately identify any analyzed parameter exceeding the 

EPA Primary Drinking Water Standards. 

o Annually, no later than March 1 following each calendar 

year, concentrations or values of parameters listed in 

Table F-3 for each water quality sampling station along 

with required statistical analyses. LANL will separately 

identify any statistically significant differences from 

established background values found in the upgradient wells 

to those subsequently observed in upgradient and down 

gradient wells. 

o No later than March 1 following each calendar year; results 

of the evaluation of ground-water surface elevations and a 

description of the response to that evaluation, where ap

plicable. 

Since ground and surface waters will be monitored to satisfy 

interim status regulatory monitoring requirements, LANL will keep 

records of the analyses and evaluations specified in the ground

water sampling and analysis monitoring plan throughout the 

landfill's active life, including the post-closure care period. 

Furthermore, LANL will annually until final closure of the 

facility, submit to the Director a report containing the results 

of the ground-water sampling and analysis monitoring program. 

This information will be submitted no later than March 1 

following each calendar year. The above reporting schedules may 

be automatically modified in accordance with 40 CFR Section 



265.93 (d) (5) through 265.93 (d) (7) if a ground-water quality 

assessment program is eventually required. 

REGULATORY CLOSURE AND POST-CLOSURE TRANSITION STATUS 

Background 

The Los Alamos National Laboratory (LANL) did not choose to 

continue operation of the TA-16, Area P landfill after November 

a, 1985. Therefore LANL did not apply for a RCRA permit at this 

site. In addition, LANL did not choose to certify ground-water 

compliance at the Area P landfill. Consequently LANL was required 

under the loss of interim status provisions (40 CFR Section 

270.10) to submit a closure and post-closure plan for the 

landfill. Pursuant to 40 CFR Section 265.1 (b), the LANL closure 

and post-closure plan dated November 25, 1985, reflected interim 

status standards for such activities. LANL recognizes, however, 

that upon receiving a RCRA operating permit, post-closure (and 

possibly closure) activities will be subject to permitting 

standards (ie, 40 CFR 264) rather than interim status standards 

(ie, 40 CFR 265). These amendments to the November 25, 1985, 

Closure and Post-Closure Plan are submitted with the intent that 

a smooth transition of applicable regulatory requirements and 

appropriate LANL responses occur automatically without further 

action by either EID or LANL. Equally important, however, is the 

collection of a consistent and reliable water quality data base 



from which critical decisions concerning potential statistically 

significant changes in individual water quality parameters can be 

made. Thus the proposed ground-water quality monitoring program 

for Area P has been designed with sufficient flexibility so that 

LANL will comply with both Sections 265 and 264 requirements, 

even though only a single regulatory standard will be in effect 

at any given time. The following paragraphs outline specific 

steps that will be automatically adopted by LANL for ground-water 

monitoring activities at the Area P landfill once the RCRA Part B 

permit has been issued. These monitoring activities will 

supplement and replace some of those requirements already 

presented in this Appendix. 

Detection Monitoring Program 

Under 40 CFR Sections 264.1 (b) and 264.91 (a) (4), detection 

monitoring program standards must be followed for the Area P 

landfill once a RCRA Part B permit is issued to LANL, even though 

Area P was not included in the Part B application. The proposed 

detection monitoring program stipulates that LANL monitor ground

water in the upper-most aquifer for indicator parameters ( ie, 

specific conductance, total organic carbon, and total organic 

halogen), waste constituents, or reaction products that provide a 

reliable indication of the presence of hazardous waste 

constituents. It is suggested that the same water quality 

parameters listed in Tables F-1 and F-2 ( ie, the required Year 



One interim status monitoring parameters plus additional 

indicator parameters) be used in the detection monitoring plan 

during Year One if Section 264 standards become effective during 

the first year after closure has been approved. Detection 

monitoring requirements for Years Two through Thirty are outlined 

below. 

holes 

Several monitoring wells and neutron moisture log test 

(see Appendix D) have already been installed at the 
landfill boundary compliance point as specified under 40 CFR 

Section 264.95. To date, however, no recoverable ground-water has 
been detected in any of these monitoring wells. 

Procedures for sampling and analysis, quality control, chain-of
custody, establishment of background ground-water quality values, 
and statistical analyses of water quality data have already been 

presented for interim status standards. These same procedures 
and water quality sampling stations will also be used to satisfy 

permitted status standards for closure and post-closure 

requirements. Hence they are not repeated here. 

If approved by EID, the Year One monitoring parameters and 

sampling frequencies for detection monitoring (permitted 

standards) will be identical to those under the sampling and 

analysis plan (interim standards) • During Years Two through 

Thirty, however, the required sampling parameters and frequencies 

will differ somewhat. In effect, LANL is proposing a more 

stringent first year interim status monitoring plan than 



presently required under 40 CFR Section 265. However LANL feels 

that this proposed first year monitoring plan also meets the 

requirements of 40 CFR Section 264. Thus if a RCRA Part B permit 

is issued to LANL midway through this first year of the Area P 

landfill closure and post-closure operation, no additional 
ground-water quality monitoring actions will be required. During 
Years Two through Thirty, however, the required sampling 
parameters and frequencies will be different. Table F-6 shows 
the proposed list of water quality parameters and sampling 
frequencies for compliance with Section 264 detection monitoring 
requirements during Years Two through Thirty. Comparison of 

Tables F-3 and F-6 shows several differences. Under interim 

status standards (Table F-3) , several required parameters are 

listed that establish ground-water quality; furthermore, except 
for indicator parameters, an annual sampling frequency is 
mandated. Under Section 264 standards (Table F-6), a semi-annual 

sampling frequency is required for all indicator parameters. 

There is no explicit requirement to sample for parameters 

establishing ground-water quality. In effect LANL is proposing 

to monitor all indicator parameters on a semi-annual basis during 

interim status, and to monitor those parameters establishing 

ground-water quality only while interim standards remain in 

effect. Once the Section 264 monitoring standards become 

effective, LANL proposes to discontinue monitoring for those 

parameters that establish ground-water quality under Section 265 

requirements if downgradient monitor wells or surface waters have 



shown no statistically significant increase in these parameters 

during interim status monitoring activities. LANL feels that 

this monitoring plan meets all regulatory monitoring 

requirements. More importantly, however, LANL feels that 

consistent monitoring at a semi-annual frequency for those 
indicator parameters listed in Table F-3 and F-6 will provide an 

adequate early signal of potential deep percolation of landfill 

waste constituents into the underlying ground-water. 

Statistical Comparison Tests of Water Quality Parameters 

The same statistical procedures previously outlined will be used 

to determine if there has been statistically significant increase 

over background (increase or decrease for pH values) in any 

parameter or constituent specified in Tables F-1, F-2, or F-6. 

These determinations will be made for each parameter or 

constituent each time the monitoring wells or surface water 

stations are sampled. These results will be routinely reported 

to the Director as they become available, according to the same 

schedule previously established for interim status standards. In 

the event that a statistically significant increase in any 

parameter or constituent is determined, then LANL will notify the 

Director in writing within seven days indicating exactly which 

parameters or constituents showed these increases. All monitor 

wells and surface water stations will be immediately resampled to 

determine whether constituents identified in the list of 



constituents in CFR 40 Section 264 Appendix IX (ie, only those 

parameters in Tables F-1, F-2, and F-6, unless specified 

otherwise by EID) are present, and if so, at what concentrations. 

Furthermore, within ninety days after this initial notification, 

LANL will apply for an EID approved compliance monitoring program 
at the Area P landfill. This compliance plan will contain all 

those requirements specified in 40 CFR Section 264.98 (h) ( 4) . 

Within 180 days after the original notification, LANL will submit 

to the Director all data to justify any variance sought under 

264.94 (b), and an engineering feasibility plan for a corrective 

action program if it is required. 

Ground-Water Protection standards 

To date no recoverable ground-waters have been detected in any 

monitoring wells. In all likelihood, this condition will not 

change in the foreseeable future. Hence no background values of 

ground-water for water quality and indicator parameters can be 

established at this time for the landfill. LANL proposes that 

the EPA Interim Primary Drinking Water standards (40 CFR Section 

265 Appendix V) be used in lieu of established background values 

for the statistical comparison tests for those indicator 

parameters that have established safe drinking water limits. In 

addition, LANL also proposes that background values for water 

quality and indicator parameters from the upstream surface water 

sampling station in canon de Valle also be used in these 



statistical comparison tests. For those indicator parameters 

with no established safe drinking water limits, LANL proposes to 

use those background values from the upstream surface water 

sampling station in Canon de Valle for statistical comparison 

tests. 



TABLE F-1 
CONSTITUENTS SELECTED FOR QUARTERLY GROUND-WATER MONITORING 

PROGRAM FOR YEAR ONE 

A. Parameters characterizing the suitability of the ground-water as a drinking water supply : 

Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 

Nitrate (as N) 
Selenium 
Silver 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 

2,4-D 
2,4,5-TP Silvex 
Radium 
Gross Alpha 
Gross Beta 
Coliform Bacteria 

B. Parameters establishing ground-water quality 

Chloride 
Iron 

Manganese 
Phenols 

Sodium 
Sulfate 

c. Parameters used as indicators of ground-water contamination: 

pH 
Specific Conductance 

Total Organic Carbon (TOC) 
Total Organic Halogen (TOX) 

D. Other chemical indicators of ground-water contamination: 
1. Antimony and Nickel 

2. Volatile and semi-volatile aliphatic halogenated and aromatic hydrocarbons (see Table F-2 for complete list). 

E. Notes 

1. For each of the indicator parameters in (C) above, at least four replicate measurements will be obtained for each sample. Individual samples will be obtained from each monitor well, the surface water sample collection stations, and the leachate collection tank. The initial background arithmetic mean and variance will be determined by pooling these replicate measurements for the respective parameter concentrations, using the respective upgradient monitor wells numbered P-8, P-9, and P-11, in accordance with 40 CFR 265.92(d) (2). 

2. Methods of sample preservation are listed in Table F-4. 



TABLE F-2 
VOLATILE ORGANIC COMPOUND IDENTIFICATION LIST FOR YEAR ONE 

GROUND-WATER QUALITY MONITORING PROGRAM 

Compound Name 

Chloromethane (methyl chloride) 
Bromomethane (methyl bromide) 
Vinyl Chloride (chloroethene) 
Chloroethane •••••..• 
Methylene Chloride .. 
Acetone •••..•••..••• 

. . . . 
Carbon Disulfide ••.•..•••• 
1,1-Dichloroethene •• 

. . . 

. . . 

CAS Number 

. . . 74873 
74839 
75014 
75003 
75092 
67641 
75150 

1,1-Dichloroethane (ethylidene dichloride) ...•.••• 
1,2-Dichloroethene (total) 

75354 
75343 

156605 
67663 Chloroform . ................ . 

1,2-Dichloroethane .•.•.•.••. 
2-Butanone (methyl ethyl ketone) 
1,1,1-Trichloroethane (methyl chloroform) 
Carbon Tetrachloride. . • • • • • • 

107062 
78933 
71556 
56235 

Vinyl Acetate. . . . . . . . . . . . ........... . 108054 
75274 
78875 

• .. 10061015 
79016 

124481 
79005 
71432 

..10061026 

Bromodichloromethane ... 
1,2-Dichloropropane (propylene dichloride) 
cis-1,3-Dichloropropene... . ••..... 
Trichloroethene........ . .•.... 
Dibromochloromethane.. . ......•... 
1,1,2-Trichloroethane. 
Benzene . ••.•••.•.••.•.. . . . . 
trans-1,3-Dichloropropene. 
Bromoform •.•...••..•••• . . . 
4-Methyl-2-Pentanone. 
2-Hexanone . .••...••....•••.... 
Tetrachloroethene •..••••• 
1,1,2,2-Tetrachloroethane ••••• 
Toluene •••.••••• 
Chlorobenzene •• 
Ethyl Benzene .••••. 

. . . 
Styrene •••••••• . . . 
Xylene (total) .•••• 

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

.. . . . 

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

. . . . 
. . . 

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

75252 
108101 
591786 
127184 

79345 
108883 
108907 
100414 
100425 

• ••• multiple 



TABLE F-2 (Continued) 
SEMI-VOLATILE ORGANIC COMPOUND IDENTIFICATION LIST FOR YEAR 

ONE GROUND-WATER QUALITY MONITORING PROGRAM 

Compound Name 

Phenol . ................. . 
bis(-2-chloroethyl)Ether. 
2-Chlorophenol ••.•••. 
1,3-Dichlorobenzene •. 
1,4-Dichlorobenzene. 
Benzyl Alcohol .•••... 
1,2-Dichlorobenzene ••..•••. 

. . . . 
. . 

. . . 
. . . . . .. 

CAS Number 

. . . . . . . . 
108952 
111444 

95578 
541731 
106467 
100516 

95501 
2- Methyl Phenol ••••...••.••••••••.•••••. 95487 

. •.•• 39638329 
. . . . . . . . . 

bis(2-chloroisopropyl)Ether. 
4-Methyl Phenol .••.••.••••• 
N-Nitroso-Di-n-Propylamine. 

. . . . . . . . . . . . . . . . . 
Hexachloroethane. 
Nitrobenzene .•. 
Isophorone •••••••••••.•••• 
2-Nitrophenol •••• 
2,4-Dimethylphenol •. 

. . . . 
. . . Benzoic Acid •.••.••. 

bis(2-chloroethoxy)Methane •• 
2,4-Dichlorophenol ..•••••. 
1,2,4-Trichlorobenzene .• 
Naphthalene ••••.•••••. 
4-Chloroaniline .•.....•. 
Hexachlorobutadiene ..•• 
4-Chloro-3-Methylphenol. 

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

. . . . . 
.. 

2-Methylnaphthalene .••••. 
Hexachlorocyclopentadiene ••. 
2,4,6-Trichlorophenol ••••••••••••••••••••• 

. . . . . . . . . . 
2,4,5-Trichlorophenol. 
2-Chloronaphthalene •••••• 

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

. . . . . 
. . . . 

. .. 
. . 

. . . . . .. 
2-Nitroaniline •••..• 
Dimethyl Phthalate .•• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Acenaphthylene •••••••••••••••••••• . . . . 
2,6-Dinitrotoluene. . . . . . . . . 

106445 
621647 

67721 
98853 
78591 
88755 

105679 
65850 

111911 
120832 
120821 

91203 
106478 

87683 
59507 
91576 
77474 
88062 
95954 
91587 
88744 

131113 
208968 
606202 



TABLE F-2 (Continued) 
SEMI-VOLATILE ORGANIC COMPOUND IDENTIFICATION LIST FOR YEAR 

ONE GROUND-WATER QUALITY MONITORING PROGRAM 

Compound Name CAS Number 
------------------------------------------------------------3-Nitroaniline ..•• . . . . . . . . . . 
Acenaphthene ••••..•. 
2,4-Dinitrophenol .. 
4-Nitrophenol .••••.••• 
Dibenzofuran ...••.• 

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

. . . 2,4-Dinitrotoluene. 
Diethylphthalate •..•• 
4-Chlorophenyl-Phenylether ••. 
Fluorene .••••.•••.•.••••••. 
4-Nitroaniline .••.••••••••• 
4,6-Dinitro-2-Methylphenol. 
N-Nitrosodiphenylamine (1) 
4-Bromophenyl-Phenylether •• 
Hexachlorobenzene. 
Pentachlorophenol. 
Phenanthrene •..•••• 
Anthracene .•••••.••••. 
Di-n-butylphthalate. 
Fluoranthene •••..•••..••. 
Pyrene . ............. . 
Buty1benzylphthalate .. 
3-3'-Dichlorobenzidine •. 
Benzo(a)anthracene ••...• 
Chrysene . ...•............ 
bis(2-Ethylhexyl)Phthalate ••. 
Di-n-octylphthalate •• 

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

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

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

. . . . . . . . . . . . . . . . . . . . . . . . . . Benzo(b)fluoranthene •.•• 
Benzo(k)fluoranthene ••••••••• 
Benzo(a)pyrene ••••..•• 
Indeno(1,2,3-cd)pyrene •• 
Dibenz(a,h)anthracene ••• 
Benzo(g,h,i)perylene •..•. 

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

99092 
83329 
51285 

100027 
132649 
121142 

84662 
7005723 

86737 
100016 
534521 

86306 
101553 
118741 

87865 
85018 

120127 
84742 

206440 
129000 

85687 
91941 
56553 

218019 
117817 
117840 
205992 
207089 

50328 
193395 

53703 
191242 



TABLE F-3 
CONSTITUENTS SELECTED FOR GROUND-WATER MONITORING PROGRAM FOR YEARS TWO THROUGH THIRTY UNDER INTERIM STANDARDS 

A. Parameters characterizing the suitability of groundwater as a drinking water supply are not required. 

B. Parameters establishing ground-water quality : 

Parameter 

Chloride 
Iron 
Manganese 
Phenols 
Sodium 
Sulfate 

Sampling Frequency 

Annually 
Annually 
Annually 
Annually 
Annually 
Annually 

c. Parameters used as indicators of ground-water contamination 

Parameter Sampling Frequency --------------------------------------------------------pH 
Specific Conductance 
Total Organic Carbon (TOC) 
Total Organic Halogen (TOX) 

Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 

D. Selected additional chemical indicators of ground-water contamination 

Parameter Sampling Frequency --------------------------------------------------------Antimony 
Arsenic 
Barium 
Cadmium 
Chromium (total) 
Mercury 
Nickel 
Silver 
Table F-2 Organic Compounds 

E. Notes : 

Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 

To be determined 

Volatile and semi-volatile organic compounds in (D) above will be determined after Year One sample analyses. It is anticipated that no such compounds will be detected during Year One, and will therefore not be included in Years Two through Thirty monitoring requirements. 



Table F-4 
Sample Collection and Preservation Methods 

Parameter 

pH 
Specific Conductance 

T. Alkalinity 
(as HC03 or co3) 

Chloride 
Fluoride 
Sodium 
Sulfate 

Sulfide 

Total Cyanide 

Calcium 
Chromium 
Lead 
Manganese 
Cadmium 
Barium 
Silver 
Iron 
Mercury 
Arsenic 
Selenium 
Magnesium 
Potassium 

Phenol 

Base-Neutral/Acid 
Extractables 

Pesticides/Herbicides 

Container 

Field Measurements 

p(a), 1.0 1. 

P,G, 100 ml. 

P,G, 1.0 1. 

P,G, 1.5 1. 

P,G, 1.0 1. 

G, teflon cap 
1. 0 1. 

G, teflon cap 
2.0 1. 

G, silica/teflon 
septa 1. 0 1. 

Preservative 

Cool 4°C 

Cool 4°C, H2so4 to 
pH < 2 

Cool 4°C, c 4H6o4zn + 
NaOH to pH > 9 

Cool 4°C, NaOH to(g~ 
> 12+0.6g C6Ha06 

Cool 4°C, HN0 3 to pH < 2 

Cool 4°C, H3 Po4 to 
pH < 4 + 1 gm cuso4 

Cool 4°Ctb~.008% 
Na2s2o3 

Cool 4°Ctb~.008% 
Na2s2o3 



Table F-4 (Continued) 
Sample Collection and Preservation Methods 

Parameter 

Volatile Organics 

Total Organic 
Halogen (TOX) 

Total Organic 
carbon (TOC) 

Purgable Organic 
Halogen (POX) 

Purgable Organic 
Carbon (POC) 

Radium 226, 228 
Gross Alpha 
Gross Beta 

Coliform Bacteria 

Container 

G, silica/teflon 
septa, no head
space 40 ml. 

G, silica/teflon 
septa, no head
space 1. 0 1. 

G, 1.0 1. 

G, teflon septa 
40 ml. 

G, teflon septa 
40 ml. 

P,G, 1.0 1. 
P,G, 1.0 1. 
P,G, 1.0 1. 

P, Sterile, 
200 ml. 

(a)p = Plastic, G = Glass 
(b)use only in presence of residual chlorine. 

Preservative 

Cool 4°C 
H2so4 to pH < 2 

Cool 4°C 

Cool 4°C 

HN0 3 to pH < 2 
HN03 to pH < 2 
HN03 to pH < 2 

Cool 4°C 



TABLE F-5 
STANDARD T-TABLES AT 0.05 LEVEL OF SIGNIFICANCE 

Degrees of 
Freedom 

1. 
2 0 

3 •• 
4 0 • 

5. 0 

6 0 0 

7 •• 
8 •• 
9. 

10 .•• 
11. 0 

12 •• 
13. 0 

14 0 0 

15 •• 
16 •• 
17 •• 
18. 
19o 
2 0 •• 
21. 
22 
23 
24. 0 • 

25 0 0 0 

2 6 •• 
27. 
28. 0 

29. 0 0 

30 •• 
40. 0 

>40.o 

0 0 0 

... 

t-values 
(one-tail) 

6.314 
2.920 
2.353 
2.132 
2.015 
1.943 
1. 895 
1. 860 
1.833 
1.812 
1.796 
1.782 
1. 771 
1.761 
1. 753 
1. 746 
1.740 
1. 734 
1. 729 
1. 725 
1. 721 
1.717 
1. 714 
1. 711 
1. 708 
1o706 
1.703 
1.701 
1o699 
1.697 
1.684 
1. 645 

t-values 
(two-tail) 

12.706 
4.303 
3.182 
2.776 
2.571 
2.447 
2.365 
2o306 
2.262 
2o228 
2.201 
2.179 
2.160 
2.145 
2.131 
2.120 
2.110 
2.101 
2.093 
2.086 
2.080 
2.074 
2.069 
2.064 
2.060 
2.065 
2.052 
2.048 
2.045 
2.042 
2.021 
1. 960 



TABLE F-6 
CONSTITUENTS SELECTED FOR GROUND-WATER MONITORING PROGRAM FOR YEARS TWO THROUGH THIRTY UNDER PERMITTED STANDARDS 

A. Parameters characterizing the suitability of groundwater as a drinking water supply are not required. 

B. Parameters establishing ground-water quality are not required. 

c. Parameters used as indicators of ground-water contamination 

Parameter 

pH 
Specific Conductance 
Total Organic Carbon (TOC) 
Total Organic Halogen (TOX) 

Sampling Frequency 

Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 

D. Selected additional chemical indicators of ground-water contamination 

Parameter Sampling Frequency --------------------------------------------------------Antimony 
Arsenic 
Barium 
Cadmium 
Chromium (total) 
Mercury 
Nickel 
Silver 
Table F-2 Organic Compounds 

E. Notes : 

Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 
Semi-annually 

To be determined 

Volatile and semi-volatile organic compounds in (D) above will be determined after Year One sample analyses. It is anticipated that no such compounds will be detected during Year One, and will therefore not be included in Years Two through Thirty monitoring requirements. 



APPENDIX G 

TA-16 Background Information 



T A-16 - S SITE 

CURRENT OPERATIONS 

Activities at TA-16 center around production of high explosives for applica
tions in both weapons and nonweapons research and development. TA-16 is divided 
into isolated operational areas and contains nearly 200 buildings or manmade struc
tures. This separation precludes sympathetic detonation of high explosives between 
operational areas in case of an accident. 

The administration area houses a steam plant, fire station, service station, 
cafeteria, warehouse, shops building, main administration building, laundry, and sev
eral transportable office buildings. The new tritium facility, still under construction 
at T A-16, is not associated with high-explosive research and development. Structures 
530 through 535 are an onsite sewage treatment facility. 

The remainder of this section concerns facilities involved with high-explosive 
research and development. High-explosive pressing operations are performed at build
ing 430. High-explosive material is brought into this facility in plastic-coated gran u
lar form, placed into molds, and subjected to very high pressures. This process pro
duces solid pieces of high explosive in various shapes and sizes. Building 370 houses 
a machine shop that fabricates nonnuclear metal components required by research and 
development programs conducted at TA-16. High explosive obtained from commercial 
vendors is inspected at building 380. This is primarily a visual inspection for accept
ing or rejecting commercial material. Assembly operations are conducted at the com
plex comprising buildings 410 through 415. High-explosive casting, inert materials, 
and plastics operations are conducted at the complex comprising buildings 300 
through 307. Building 300 is used for operations involving inert materials. These op
erations produce mock high-explosive components for a variety of display or testing 
purposes. Building 302 is currently used for explosives casting operations. Plastics 
operations are performed in buildings 304 and 306; they are strictly controlled, and 
high explosives are never brought into these buildings. Buildings 340 and 342 house 
high-explosive preparation and development operations. Activities in these buildings 
include coating high-explosive granules with plastics, developing new types of high 
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explosives, and working with crystallization processes. High-explosive machining op
erations are conducted in building 260. Several support buildings surround building 
260 and are used to store material not being actively worked. Radiography and other 
nondestructive testing is done in the complex made up of buildings 220 to 225. Build
ing 222 contains two photographic processing units capable of processing film; how
ever, only one of these units is operational. 

POTENTIAL CERCLA/RCRA SITES 

About 30 buildings in the central portion of TA-16 were part of the World War 
II high-explosive operations. Most of these buildings are old, and many have been 
abandoned. Many are contaminated with high explosive, primarily 2,4,6-trinitro
toluene (TNT). Many structures at the site were removed by burning or bulldozing in 
the 1950s and 1960s. Residual high explosive may remain in the environment at two 
firing sites that were used for high-explosive test firing during World War II. High
explosive and solvent/oil contamination may remain at a burning ground. 

Old drawings of firing sites indicate two locations, P Site and K Site, which 
were used for high-explosive test firing during World War II. The sites are addressed 
under TA-ll and TA-13. 

The following table presents what is known about potential CERCLA/RCRA 
sites at this location. Phase I investigations have not been concluded. Information 
obtained during supplemental Phase I investigations will be documented in the 
CEARP Phase IIA Monitoring Plan for TA-16. CEARP findings are based on a nega
tive, positive, or uncertain finding for FFSDIF, PA, and PSI for each potential CER
CLA/RCRA site. The HRS/MHRS Migration Mode Score for TA-16 is 3.0 (Appendix 
8). 

FIGURES 

TA-16-1: Structure Location Plan for TA-16- S Site (1983) TA-16-2: Structure Location Plan for TA-16- S Site (1957) 
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TABLE TA-16- POTENTIAL CERCLA/RCRA SITES 

TA16-1-CA-I-HW (Rued buildings) 

Background--TA-16 wu constructed early in 1944 and consisted of aix buildinga, including a ateam plant. Several expanaiona took place, and by the end of the war, the aite included about 80 buildinp of varioua ai&ea that were used for explosives manufacture, storage, treat
ment, and testinr (LASL 1947). 

Thourh the primary minion of TA-16 did not change, many 1tructure1 built during World War II became obeolete. Therefore, thne 1tructures were removed by buminr durinr the 1950s and 19601. The 1tructuru that were removed are li•ted u follow• by atructure number, name, removal date, and huardous substance u1ed (Blackwell 1983). Noncombustible materials were diapoeed of at Meaita del Buey or in the canyon north of the buminc rround. 

Structure Structure Removal Huardou1 Number Nomenclature Date Subatance Used 

TA-16-1 Admin. buildinr 1956 None 
TA-16-2 Office 1956 None 
TA-16-3 Zia elect. buildinc 1956 None 
TA-16-4 Innam. atock •torare 1956 Variou1 chemicals TA-16-5 Instrument 1hop 1956 None TA-16-6 Zia repair shop 1956 None TA-16-8 Zia cabinet ahop 1956 None TA-16-9 Motor pool dispatch off. 1956 None TA-16-11 Storace 1956 None TA-16-12 Warehouse 1956 None TA-16-15 Laundry and locker room 1956 Hirh explosive TA-16-17 Plumbinr ahop 1956 Hirh exploaive TA-16-18 Steam waahinr house 1960 Hich explosive TA-16-19 Pump house 1956 Hich explosive TA-16-20 Water pump pit 1953 High explosive TA-16-22 Office 1961 None TA-16-23 Storace 1951 None TA-16-24 Analytical lab. 1968 Hich explosive TA-16-25 Proc- buildinr 1960 Hirh exploaive TA-16-26 Proc- buildinr 1968 Hirh exploaive TA-16-28 Water coolin( tower 1968 None TA-16-29 Fuel oil tank 1956 None TA-16-30 Mapaine 1960 Hich explosive TA-16-31 MIICbiDe buildinr 1960 Hirh exploaive TA-16-32 Machine Buildinr 1960 Hirh exploaive TA-16-33 MIICbiDe Buildinr 1960 Hirh exploaive TA-16-34 Mapaine 1960 Hirh exploaive TA-16-35 Equipment room 1960 High exploaive TA-16-36 Steam cleaninc 1960 Hich exploaive TA-16-37 Explosive tnting 1960 Hirh explosive TA-16-38 Experimental cutinr 1960 Hi&h exploaive 
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TA-16-39 Radiocnphie building 1960 Uranium-238, 
cobalt-60, 
radium-226 

TA-16-40 Radiorraphic building 1960 Uranium-238, 
cobalt-60, 
radium-226 

TA-16-41 Proceulab. 1960 High explosive 
TA-16-42 Proeeu buildinc 1960 High explosive 
TA-16-43 Proeeu building 1960 High explo1ive 
TA-16-44 Proceu building 1960 High explosive 
TA-16-45 Proceu buildinc 1960 High explosive 
TA-16-46 Proeeu buildinr 1960 Uranium-238, high 

explosive 
TA-16-47 Equipment buildinr 1960 High exploeive 
TA-16-48 Smokinr room 1960 Uranium-238 
TA-16-49 Analytical lab. 1960 Hirh explo1ive 
TA-16-50 Experimental caetinr 1960 High explo1ive 
TA-16-51 Steam cleaninr 1960 High explo1ive 
TA-16-52 Expl01ive material 1960 Hirh explosive 
TA-16-53 Optical equip. atorare 1960 Hirh exploaive 
TA-16-55 Grindinr buildinr 1960 High explo1ive 
TA-16-56 Te~tinr lab. 1960 High explo1ive 
TA-16-57 Maruine 1960 High explo1ive 
TA-16-60 Macuine 1950 Hirh explo•ive 
TA-16-62 Maruine 1968 Hirh explo•ive 
TA-16-64 Maruine 1951 Hirh explosive 
TA-16-65 Maruine 1951 Hirh explo1ive 
TA-16-66 Maruine 1960 Hirh explo1ive 
TA-16-67 Macuine 1960 High explo1ive 
TA-16-68 Maruine 1960 Hirh explo1ive 
TA-16-69 Maruine 1960 Hirh explosive 
TA-16-70 Maruine 1960 Hirh exploeive 
TA-16-71 Maruine 1960 Hirh exploeive 
TA-16-72 Maguine 1960 High exploeive 
TA-16-74 Maguine 1960 Hirh exploeive 
TA-16-81 Proc- building &r 1960 High exploaive 

fan room 
TA-16-82 Ston.p 1968 Hirh explosive 
TA-16-83 Laboratory 1960 High exploeive 
TA-16·8· MapaiDe 1960 Hirh exploeive TA-16-85 WanhoUH 1947 None 
TA-16-86 LaborUory 1960 Hirh explo1ive TA-16-87 Wachine ahop trailer 1960 None 
TA-16-Q.f Equipment &r control 1960 Hirh explo1ive TA-16-95 MachiDe building 1960 High exploaive TA-16-96 Machine building 1960 High exploaive TA-16-97 Machine buildinr 1960 Hirh exploeive TA-16-98 Machine buildinr 1960 Hirh exploeive TA-16-100 Proc- building 1960 Hirh explosive TA-16-106 Storace 1949 High exploaive TA-16-107 Storage 1950 Hirh exploaive TA-16-108 Storage 1950 Hirh exploeive 
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TA-16-109 Stora,e 1950 High explosive ! TA-16-132 Paint ahop abed 1955 None TA-16-133 Lumber atorage 1955 None TA-16-13-4 Me11 hall 1955 None TA-16-135 Storage building 1953 None TA-16-136 Implement abed 1955 None TA-16-137 Plumbing & elect. shop 1955 High explosive TA-16-138 Blackamith ahop 1955 None TA-16-139 Storage building 1955 High explosive TA-16-140 Storage building 1955 High explosive TA-16-141 Stora,e building 1955 High explosive TA-16-142 Fire house 1955 None TA-16-1-43 Hoae houae 1955 None TA-16-144 Equipment room 1955 None TA-16-1-45 Latrine 1955 None TA-16-1-46 Stora,e 1955 High explosive TA-16-148 Equip. building 1968 None TA-16-150 Hoae houH 1958 None TA-16-151 HOM houae 1958 None TA-16-152 Hoaehouae 1958 None TA-16-161 Septic tank None TA-16-162 Latrine 1971 None TA-16-167 HOM houae 1958 None TA-16-168 Manhole 1952 None TA-16-172 Water atora,e tank None 
relocated at TA-49-66 

TA-16-174 Septic tank, aanitary None TA-16-176 Septic tank, aanitary None TA-16-177 Septic lank, aanitary 1968 None TA-16-179 Septic tank, aanitary None TA-16-181 Tank hou1in1 1956 None TA-16-182 Dieael unit building 1956 None TA-16-183 Drum 1tora1e 1968 Varioua chemicals TA-16-184 Drum 1tora1e Various chemicals TA-16-185 Drum atora,e Varioua chemicals TA-16-186 Drum alora,e Varioua chemicals TA-16-187 Drum atora1e Varioua chemicals TA-16-188 Drum atora1e 1956 Varioua chemicals TA-16-189 Coolin1 tower 1960 None TA-16-190 Drum atorare 1955 Varioua chemicals TA-16-198 HoaehoUM None TA-16-19G a...rv. 
None TA-16-262 Coolin1 tower 1957 None TA-16-272 Septic tank 
None TA-16-273 Doein1 chamber Hi1h exploaive TA-16-274 Diatribution box None TA-16-384 Reserve 1970 None TA-16-393 Filter bed 1964 Hi1h explosive TA-16-396 Latrine 1968 None TA-16-403 ReHrve 1968 None TA-16-464 Ma,uine 1966 Hi1h explo1ive TA-16-475 Office & ahop building 1951 None 
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TA-16-479 Storage building 1951 Uranium-238 
TA-16-480 Experimental chamber 1950 Uranium-238, 

high explosive TA-16-481 Maguine 1951 high explosive TA-16-482 Storage building 1951 None 
TA-16-486 Septic tank 1951 None 
TA-16-487 Trana(ormer atation 1951 None 
TA-16-488 Maguine 1951 high explosive TA-16-490 Laboratory building 1960 Uranium-238 TA-16-491 Hutment 1960 Uranium-238 TA-16-492 Hutment 1960 Uranium-238 TA-16-493 Maguine 1960 High exploaive TA-16-494 Maguine 1960 High exploaive TA-16-495 Hutment 1960 Uranium-238 TA-16-496 Hutment 1960 Uranium-238 TA-16-497 Maguine 1960 High exploaive TA-16-498 Hutment 1960 Uranium-238 TA-16-49Q Hutment 1960 Uranium-238 TA-16-500 Hutment 1960 Uranium-238 TA-16-502 Steam plant 1960 None TA-16-504 Septic tank, aanibry 1960 None TA-16-506 Manhole, ateam 1968 None 

TA-16-507 Sump pit, chem. 1960 Varioua chemicala TA-16-508 Manhole, water 1968 None TA-16-509 Manhole, ateam 1968 None TA-16-510 Switch box 1960 None TA-16-511 Manhole, steam 1968 None TA-16-512 Underground tank, oil 1968 None TA-16-521 Tank atand 1968 None TA-16-522 Building No. 3 1945 Beryllium TA-16-523 Pit 1945 High exploaive, 
beryllium TA-16-524 Pit, elect. 1945 None TA-16-566 Tranafonner alation 1959 None TA-16-567 Tranafonner alation 1966 None TA-16-574 Transformer alation 1966 None TA-16-575 Transformer atation 1966 None TA-16-576 Tranafomwr atation None 

relocated to TA-15-206 
TA-16-577 Tranaformer atation 1960 None TA-16-578 Tranafomwr alation 1960 None TA-16-579 Tranafomwr station 1960 None TA-16-580 Tranafonner atation 1966 None TA-16-581 Tranafomwr atation 1966 None TA-16-582 Tranafomwr alation 1960 None TA-16-583 Tranafomwr alation 1960 None TA-16-584 Tranafonner alation 1966 None TA-16-800 Manhole, induatrial wute High exploaive TA-16-801 Manhole, drainage High exploaive TA-16-888 Manhole, elect. 1972 None TA-16-889 Manhole, elect. 1972 None TA-16-1079 Manhole, ateam None 

'-
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TA-16-1083 Manhole, 1team 
TA-16-1084 Manhole, 1team 
TA-16-1086 Reeerve 
TA-16-1087 Raerve 
TA-16-1()g() Reeerve 
TA-16-1101 Oil •witch 
TA-16-1102 Oil •witch 
TA-16-1103 Oil •witch 
TA-16-1104 Drum 1torage 
TA-16-1105 Drum 1torage 
TA-16-1106 Drum 1torage 
TA-16-1107 Drum 1torage 
TA-16-1108 Drum 1torage 
TA-16-1109 Drum 1torage 
TA-16-1110 Drum 1torage 
TA-16-1111 Drum 1torage 
TA-16-1130 Water tank 
TA-16-1131 Water tank 
TA-16-1132 Septic tank 
TA-16-1136 Trough (buket wuhing 

facility) 
TA-16-1137 Manhole (creue trap) 
TA-16-1138 Fuel tank 
TA-16-1139 Fuel tank 
TA-16-1140 Fuel tank 

CERCLA Finding--Uncertain for FFSDIF, PA, and PSI. 

1951 

1970 

1970 

1970 

1966 

1966 

1966 

1956 

1958 
1968 
1949 
1949 
1956 

1956 

None 
None 
None 
None 
None 
None 
None 
None 
Various chemicals 
Various chemicals 
Various chemicals 
Various chemicals 
Various chemicals 
Various chemicals 
Variou• chemicals 
Varioua chemicals 
None 
None 
None 
High explosive 

High explo1ive 
None 
None 
None 

Planned Future Action--The extent of residual environmental contamination will be determined during 1upplemental Phue I. 

TA16-2-S-A/I-HW (Sum!?!) 

Background--For many yean it hu been the practice at TA-16 to route any industrial process water containing particle• of high explosive through high-explo1ive catchment baffie-filter/aump. before diacharge. The baffie-filten or 1ettling areaa have, apparently, been regularly cleaned of hich u:ploaive ever Iince the lUmp. were put in IDe. There may be inactive hich-u:plo.ive 1ump. remaining in buildings not in active u•e or in buildings that were torn down. 

The 1SIIf C1tAR.P field lUrvey ob1erved that blowdown from the •team plant TA-16-540 ia being rouMd throuch a blowdown tank, TA-16-456, and then throuch two manhole•/•umpa before beiac dilcharced. The~e manholea/•umpa appear to have a alight amount of sludge at the bottom. 

A chemical 1ump at TA-16-507 wu located at 525, W55 (ENG-R132). It wu removed in 1960 (Blackwell 1983). Whether any chemical• leaked from the 1ump into the environment and whether any contaminated •oil wu removed at the time of pit removal il not known. 

CERCLA Finding--Uncertain for FFSDIF, PA, and PSI. 
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Planned Future Action--Reaidual environmental contamination aaeociated with the inactive sump ayatema will be inveaticated during aupplemental Phaae I. The active aump ayatema are cov
ered by routine LANL operationa. 

T Al6-3-SI-A/I-HW (Pond•) 

Background--In conaiderinc pond• that may have contained high explosive, ENG-R134 indicates four pond• to the northeaat of TA-16-30, 31, 32, 33, and 34. The 1940s aerial photo shows that theae pond• are full of liquid. Engineering drawinp ENG-R861, R869, and R870 indicate that draina from exploaivea machining buildinp 31, 32, and 33 drained into the ponda. A Laboratory employee who supervi1ed the removal or the pond areaa remembera that the ponda were contaminated with high exploaivea. The high explosive• were removed before the ponda were filled and the area graded. It appea.n that barium levela may not have been determined at the time or decommisaioning. 

In 1970 it wu reported that the floor draina in buildinp TA-16-89 through -93 emptied into a amall earth tank/pond weat of the buildinp. A aample o( water collected contained no detectable srou alpha emiUen and only a trace or lfi'OII beta emittera (Kennedy 1970). The radionuclidea reaponaible Cor the beta count are not mentioned. Thia pond ia no longer here, but data on ita decommiuioning have not yet been obtained. 

An inactive pond received liquid waate from proceu buildinp TA-16-91, -90, and -89. Sludce from the pond wu recently aampled, and no high levela or high exploaive were found. Chemical• auociated with platinr waatea were not included in the analyaia. 

A Loa Alamoa employee rememben TA-93 beinc used for electroplating. A 1950 document also mention• electroplatinr (H Division 1950). ENG-R861 showa drains from 92 and 93 draining to the north. Whether there waa a pond here to collect plating waatea is not known. The employee rememben that a drainage ditch from 92 or 93 may have connected to the inactive pond, which received waate from TA-16-91, -90, and -89. 

An active lined pond located at the bum aite juat aouth or the filter beda receives liquid from the two filtration bed1. Thi• liquid contain• barium nitrate. To reduce the barium nitrate level, aodium aulfate il added to the pond to· precipitate barium in barium aulfate. When barium 
nitrate level• have been reduced to leu than 100 ppm, the liquid il aiphoned to the canyon outfall (Baytoa 1986). 

CERCLA Findinc--Uncertain for FFSDIF, PA, and PSI. 

Planned Future Actiog--Reaidual environmental contamination auociated with the inactive ponda 
will be inv•tipted durinr aupplemental Phaae I. The active pond ia covered by routine LA.NL operation~. 

TA16-4-CA-A/I-HW /BW lFilter/dqinc beda and bum areaa) 

Background--The 1948 toporraphlcal map and ENG-R134 indicate a bum area at 525:50, W62:50. The 1987 CEARP field aurvey noted that the area ia not in uae. Decommiuioning information ia lackinr u well aa apedfic information aa to what wu burned here. 

An old buminr ground ia reported to have been near building TA-16-260 (Engineerinc Division 1965). An employee indicated that this burning ground waa the one used before the present 
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burninc cround wu developed. A 1948 toporraphical map indicatea two burning pita. A 1~8 memo mention• an exploaion at the burning cround and the fact that high-explosive acrap wu collected, broken up, and burned (Converae 1948). Thia area ia included in Material D iapoeal Area R. 

A former detonator burning area ia indicated u being located in Material Disposal Area P (Engineering Diviaion 1965). 

The buminc ana waa moved from the Area R aite to the preaent burning ground. By 1953 there were three burning pita that were uaed rotationally for burning high exploaive in 2000-lb batchu. The exiatence of a high-exploaive filter buket waahing facility at a "bag wash buildinC' i1 alao reported. The aludge went via trough• to aand bed filtera where, after drying, the aludge wu burned. About 400 lb of exploaive per day were burned in this manner. The aand bed wu raked, and thia material waa then reburned at the acrap high-explosive buminc pit. Engineering drawing ENG-R135, dated 1957, note• atructure• TA-16-386, -387, and -388 u burning alaba and TA-16-399 u a retired burning alab. Another 1950• document 1tate1 that during the cleanup, large quantitiea of barium oxide duat were present at the buminc pit1, 10 the anu were wetted down and rupiratora were uaed (H Diviaion 1952). 

The operation of the buket wuh facility apparently continued into the 1970.. A memo notes that buildinc TA-16-390 Ooor drain• empty throuch 1tructure numben TA-16-1129, TA-16-1134, and TA-16-1135 (trouchs) into a buminc vat (Kennedy 1970). 

The 1987 CEARP field Iurvey confirmed that area TA-16-386 (former buminc alab) i1 being used u a 1torace yard. Area TA-16-387 (buminc •lab} il beinc uaed u a nuh pad for items contaminated with hich exploaive that mu1t be diapo~ed of. 

Areaa TA-16-399 and -388 have their old pad1 in place. A long tray with fire-brick lining haa been erected over each pad. The1e traya are used for burning the wute high exploaive. 

Structure area TA-16-394 il now uaed to bum high-explo1ive contaminated aolvents and is no loncer connected to the filter wuh. Filter bed TA-16-393 hu been removed. Decommiaaioninc information hu not been found. Two new filter/dryinc becla have been con1tructed in thi1 location. Filter bed TA-16-392, which wu a1ao uHd later u a pad for burning uranium-contaminated object1 remaina in place, but il not in un. Barium contamination in 10ila around the old (JJter wuh/filter bed area would be expected; however, no documentation on barium Ieveli in 10ila wu found. 

CERCLA Findinc--Uncertain for FFSDIF, P A, and PSI. 

PltpDtd lytuq Actlog·-The extent of ruidual environmental contamination uaociated with inactiyefaciliti• will be determined durincaupplemental Phue I of CEARP. The active facilities an COYencl by routine LANL operation•. 

TA16-5-0/CA-AII-BW /&91 (Outfalla) 

Backmund--For over 20 yean an x-ray film procea~inclaboratory hu been in operation at TA-16-222. Beginninc about 1978-1979, wute liquid• from the laboratory were treated for silver recovery before beinc diacharced into the nearby canyon outfall (073). Before that time, these liquid• were dilcharced without 1ilver recovery and it haa been indicated that the canyon into 
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which these wutea were diacharged ia the moat heavily silver-contaminated area in the labo
ratory (Ferenbaugh 1979; Kuunic 1982). 

Durinl the war, buildinc 45 had a film processing facility. This operation probably discharged to an outfall (Wilder n.d.). 

Accordinc to ENG-R132, 1everal coolinc towers were in operation at TA-16. These may have had blowdown containinc chromium that discharged to an outfall. Data on these are given below: 

Number Location Status 

TA-16-28 535, W50 removed 1968 
TA-16-189 540, W55 removed 1960 
TA-16-262 520, W35 removed 195 7 
TA-16-372 565, W20 in place 

After coinr throuch Httlinr 1ump1 for high-explo•ive wutet, induatrial liquid• may discharce to outfall•. Throuch the years, be(inninr in 1960, samples of soil have been taken and analyzed for hich explotive in outfall ditches. The aamplinr pointa have included outfall areu (rom 260, 301, 303, 305, 307, 340, 300, 380, 400, 430, and 478. One major area of concern appears to be the 260 outfall drainace, where, in a natural pond about 35 yd1 from the outfall, total exploaive content hu alowly been increuinc, and in July 1986, wu meuured u 31.4 per cent by weicht hich exploaive. Another area of concern i1 the 478 outfall, where total explosive content wu 4.3 per cent by weicht in July 1986. Small quantitiea of hich explosive have also been found in other outfall1. 

Elevated acetone aolublea and carbon tetrachloride soluble• have been found in the 300 line common effluent outlet. TheM contaminants probably came from the plutica and solvents that were uaed in TA-16-306, and -304. The effluent outlet from buildinr 430 hu al1o ahown elevated level• of acetone 10lublea and carbon tetrachloride aolublea (Bayto1 1985, 1986). 

In the early 1970. samplinc, Group GMX-3 at the TA-16 outfall drainaces found no boron in any of the aamplea. Barium wu found to travel farther than any of the other hich-explosive componenta. Maximum water concentration• were 22 and 30 ppm near two outfalla, and barium wu atill detectable in a water sample collected about 2 milea away after a heavy rainstorm (LASL 1972). 

CERCLA Findinc--Uncerlain for FFSDIF, PA and PSI. 

Planned [utun Action--The inactive outfall areu and the active outfall areu that could have receiYed dilcharp of haaardoua material• in the put will be evaluated durinr aupplemental Ph-I of CEARP. The active outfall• are covered by routine LANL operation•. 

T A16-6-IN-A-HW (Incinerator) 

Backnound--For a number of years, poaaibly hich-exploaive-contaminated burnablea 1uch u paper wipea and rap have been burned in a cace type incinerator, TA-16-412. The incinerator ia a larre open meah atructure built over what appears to be an old buement foundation. 
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CERCLA Findinc--Necative for FFSDIF, PA, and PSI. 

Planned Future Action--No further action i1 warranted under CEARP. The active incinerator is 
covered by routine LANL operations. 

T Al6-7 -CA-1-HW (Dry wells) 

Background--Several dry wells were constructed at TA-16 to accept 1uch liquid discharges as 
coolinc tower blowdown from the 1team plant and wutewater from hich-explosive operations 
at the 300 complex. A dry well wu constructed for liquid discharces from the 300 line 
(plutic and hich explo1ive), but it wu found that the well did not have 1ufficient capacity to handle the volume di1charced (CEARP n.d.). The 1987 CEARP field aurvey found that the 
well ia still in place; however, a bypua pipe hu been inatalled and liquid i1 discharginc to the 
ditch next to the dry well. A LANL employee hu al1o indicated that two dry well• were con
•tructed ju1t north of TA-16-540 (1team plant) near TA-16-547, -542, and just out1ide the 
ateam plant fence. They are apparently no loncer in un. Another employee rememben the 
conatruction of a dry well to the eut of TA-16-540. Additionally, engineerinc drawinc ENG
R.867, dated 1959, 1howa a 3-Ct by 5-Ct dry well located to the eut of TA-16-208. 

CERCLA Findin&--Uncertain for FFSDIF, PA, and PSI. 

Planned Future Action--The quantity and type1 of ruidual huardou1 aub1tance1 usoeiated with 
the inactive dry wella will be determined durin& IUpplemental Phue I. 

TA16-8-ST/UST-AII-HW/RW (Septic tanka and wute tanks) 

Background--Several of the aeptic tankl at TA-16 are potentially contaminated with hazardous 
1ubatance1 (ENG-R133; ENG-R5111; Miller 1972; Blackwell 1983). 

Potential Tank Deaimation Location Statu• Contamination 

TA-16-175 830, W60 active chemic ala 
TA-16-371 865, W20 active chemicals TA-16-527 840, W45 inactive hich explosive 

ENG-R870 not• an unnumbered septic tank aouth of TA-16-515. Whether it remains in place to
day and whether it ia contaminated are unknown. Additionally, encineerinc drawinc ENG
RI78 noU. a type of tank aervinc a drain at TA-16-55, two tanka servinc drain• at TA-16-
13, one tanlt from a drain at TA-38, and one tank. each from TA-42, -43, -44, and -45. 
BNG-RI77 noU. two tanka from TA-16-37 draina. ENG-R882 indicat• 3 tanka from TA-
18-12 draina, two tanka servinc TA-16-50 draina, and at leut one tank for TA-16-49 drains. 
What wut• were in theae drain• and what the function of these aubaurface tanka wu is not 
ltnown. These buildinp were proc111 laboratoriea and &rindinc, cutin&, and testinc build
inp. 

CERCLA Findinc--Uncertain for FF8DIF, PA, and PSI. 
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Planned Future Action--During aupplemental Phaae I, the extent of residual environmental contamination a11ociated with the inactive septic systema will be determined. The active septic syatema an covered by routine LANL operations. 

TA16-9-UST /SST-A/1-PP (Petroleum storage tanks) 

Background--The following abandoned/removed tanka, which could have been located under
rround or above rround, were identified at TA-16. 

Tank Designation Location Type 

TA-16- 391 

512 

1341 

1342 

820, wo 

NA 

S25, W60 

825, W35 

825, W35 

NA 

830, W70 

north, building 
195 (service 
station) 

north, building 
195 (service 
station) 

abandoned 
1970 

removed 
1956 

found free 
activity, 
removed 1968 

removed 

removed 

removed 
1956 

maybe removed 

removed 
1980 

removed 
1980 

fuel 

fuel oil 

oil 

fuel 

fuel 

fuel 

probably fuel 

fuel, 5000 gal. 

fuel, 5000 gal. 

amay have been aboverround 

In addition to th ... tanka, there are two underground gaaoline tanka with aaaociated fuel linea and pump b.,.. located northwftt of TA-16-10, which would put them near S35, W60. These had no alructure numben. There ia alao an underground gasoline tank six feet south of TA-16-200. nev 940, W75 (Buckland 1967). 

CERCLA f!Mlp«--Uncertain for FFSDIF, PA, and PSI. 

Planned Future Action--Durinr 1upplemental Phaae I, the extent of reaidual environmental contamination UIOCiated with the inactive storage tanka will be determined. The active tanks are covered by routine LANL operations. 
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TA16-10-L-I-HW (Landfill) 

Background--In 1965 it wu reported that some type of metal material wu thought to be buried in the old excluaion area of TA-16. A survey with a magnetometer indicated a suspect area at S43, W51. The area waa excavated and the metal material waa located and disposed of at Area P. Whether any other items were buried in this region and were not detected and removed is not known (Engineering Division 1965; Williams 1965). Unburned material from the burning cround and items from TA-16 and other locations were also disposed of in Area P. More information on Area P is included under Material Disposal Areaa. 

The 1987 CEARP field survey encountered an area that contains broken concrete and other debris in an area eut of WHt Jemes Road and northwest of building TA-16-540. An old, illegible sicn is located in front of the debris. Another sign indicates clean fill--whether the clean fill refen to this area or another area is not clear. 

CERCLA Finding--Uncertain for FFSDIF, PA, and PSI. 

Planned Futuu Action--The inactive landfills will be invHtigated during supplemental Phase I. 

TA16-11-CA-A-HW /RW (Storage areu} 

Background--A 1987 CEARP field survey noted old drums around buildinp TA-16-518, -519, and -520 (the old V Site buildinp now pari of TA-16). A few are leaking. Some drums are marked •uaed solvent,• some appear to contain hydraulic fluid, and some are not marked. Empty boxH and cana that contained radioactive material are 1itting in the area. One open drum of barium nitrate, u well u 1everal other drums that appear to contain barium nitrate, were obnrved. What appear to be empty lithium hydride drums were al1o noted. 

CERCLA Finding--Negative for FFSDIF, PA, and PSI. 

Planned Future Action--No further action i1 warranted under CEARP. The active storage areu are covered by routine LANL operation•. 

TA16-12-CA-I-HW (World War II hich-explotive complex) 

Background--About liO buildinp in the central portion of TA-16 were pari of the World War II high-expl01ive operationt. M01t of th ... buildinp are in poor repair and many have been abandoned. Several of the more structurally sound buildinp are currently being used aa ttonp facilUi•. Many are contaminated with high exploaive (primarily TNT) and are not conlidend aafe for any activity. Several of the buildinp actually contain recrystallized high expioUve iD e&alac&itic formation• under the floon. A real potential exi1t1 for detonation of thia aploaive u the buildinp continue to deteriorate and collapte in on themselves. Stabiliuaioa ol th ... atructur. it not practical becaute any mechanical perturbation of these nructun~ would endanger the worken. The buildinp alto have shinglet containing ubestoa. 

CERCLA Fjndjng--Uncertain for FFSDIF, PA, and PSI. 

Planned Future Action--The extent of retidual environmental contamination will be determined during aupplemental Phue I. 
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TA-16-1: Structure Location Plan for TA-16- S Site ----·-·---·-- (1983 Drawing from the LAN!. Tcchnkal Area Structure Location Plans) -· 
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TA-16-1: Structure Location Plan for TA-16- S Site 
(1983 Drawing from the LANL Technical Area Structure Location Plans) .. ..-=-"":" 

N:WAAKS ... :~.::;~ .. 
-------~--

~=-=~~-~ ~=-~=-~ -~=:·-·· -=::.: =---- --~ . .i>!!lo!!L.:.~ ----- _..::::-:_:~ 

---~-- -----

~~------·--------t-----t---- ;€-
------- --- = ::-:.t::.:--.::=-_-=-- --

---

~ .. --==:-~::~~t=.~~ ----

---

§ ------- ----h -- ------------- ------- --- ~-----

-==----=---=-~~~--:---= -=-:_~ . - -. 

---

•• u =t· 

1-

~- - ------==4 ... ---------

----------

~=-
~====f= 

---=~---------a -- -----------· --·=::.:::.:::..:..::::: ---------~ 

==r:-::c: ~-=cJ ---

----~-

1----- :===::~-

w.vt:•TY fW C.Al.l~ 

[Loo~ 
FACILITIES ENGINEERING 

INDEX SHEET 
STRUCTURE LOCATION 



--~~·1~~ .. 

. ... 

···roo· 

W lO•OQ...._ 

wu•oo. 

-r-=-==-
( 1983 

TA-16-1: Structure Location Plan ror TA-16 • S Site -- -
Drawing rrom the LANL Technical Area Structure Location Plans) 

·-aa•r 

w 40•00 

.~ ... ~·9C;' 

·~ 

~
J 
t 

~ 

~ "" __ 
•uttec ltAt..l 

--



,...'""' 
r 

---------- -~- ------- ·--- --

~ --~-

-!....-
wwt:•n • CAL~ 

!Loo~ ~ :::::.-.:.--~-:;;:, 
FACILITIES ENGINEERING DIVISION 

STRUCTURE LOCATION PLAN 

ENfi-R!IIII 

TA-16-1: Structure Location Plan for TA-16- S Site ... .,..-:.....~ (1983 Drawing from the LANL Technical Area Structure Location Plans) 



I 
\ 

,, 
~ z 
0 .., 
"' ;) 

..J 
<( 

~ ... ... 
0 

---·~ . () 

< :I 
!-!:: 

="'---,~=--- ... Cll 

:::1!::: :::'; 

0 .. 
'- "' ... 
:;< 
c:::-;:; 

() 
C·-
0 c 
·.::~ 
.. "' gr-
....l....l 
uz 
~< 
ti-l 
:I u 
!::..c: 
Cll-

NO . ... 
>0 '-

C>C 
c 



' .... ······ ..................... ····· .......................................... ' .......... . 
w 

"' " .J 
< 
\< ... ... 
0 

" 

' f-

~ 2 

""' 

~~-~<~ 
1--.Jf-"< 
i ~!: 
~ : :;'.~I s:. 
I ~I c 

' cc 
' l~ 



~ 

~ ~ ~ 

LIN( 
0 ~ 
• SHCt t • or.. • 

// 
[___./-

--.~--

= 

I .. , 
W4!i 

W!Oi 

I 

...1 
I 

WI OJ 

I 

_J 
' 



2 ¥ . . 

.~-- ...... 

It . .. .. 

TA-16-2: Structure Location Plan for TA-16- S Site 

J1 i . 
: 

1 1 >·, H u -.,"' 1 11 tx 1 (1957 Drawing from the LANL Technical Area Structure Location Plans)---~--~ 

.o \ \\ I i ?'I I \:: I +-----t- --+ 

" / / fr'"rJi" :~\\\, !\ 'l 1' (/"'f I -+ o-~ 

>0 -+------+¥t~~ 

>•f-------~--------1------i~---t---

~/ 

~ .. A1Ct1 LIN( 
. . . 

-/ 
~ 

SH(( T l 0,. ~ 

."" 
~~. 

. . .. : 

W lO 

0 

~ 

_3-~·:: 

: OfFICIAL US[ ONLY 



APPENDIX H 

Hydrogeologic Report for Vadose Zone 



~ DANIEL B. STEPHENS & ASSOCIATES, INC. 
,...._ -- CONSULTANTS IN GROUND-WATER HYDROLOOY ,..., £Wi-

• GROUNO.WATER CONTAMINATION • UNSATURATED ZONE INVESTIGATIONS • WATER SUPPLY DEVELOPMENT • 

Mr. Fred Brown 
Hydrogeologist 
Los Alamos National Laboratory 
Group HSE-8 
Los Alamos, NM 87545 

January 5, 1988 

Subject: Results of Testing for Hydraulic Properties of Welded Tuff 

Dear Mr. Brown: 

Please find enclosed the final data report on laboratory analyses for hydraulic properties of 10 cores of welded tuff. This report constitutes completion of the analyses requested. 

We are continuing our own in-house research on unsaturated hydraulic conductivity using the additional cores that you provided us. I will report to you the results of the investigation when they have been completed. 

We would like to point out that the porosity values we have reported are those computed from degree of saturation to water, and therefore represent the effective porosity to that fluid. 

Daniel B. Stephens & Associates, Inc. cannot verify that samples are representative of the formation from which they were collected, and we do not assume any responsibility for interpretations or analyses based on this data. 

We are very grateful to provide this service to Los Alamos National Laboratory. Please do not hesitate to call us if you have any questions. 

WBC:bdf 
Enclosure 

P.O. flO X 7 40 

Sincerely yours, 

Daniel B. Stephens & Associates, Inc. 
---'""· .... ' . .-· .. ~/-, _// 
.··~-c.,DC~ 

Warren B. Cox 
Laboratory Manager 

SOCORRO, NEW MEXICO 87801 15051835-3162 
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Scope of Work 

Daniel B. Stephens & Associates, Inc. (DBS) was requested by 
Los· Alamos 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. Descriptions 
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 preeeQtation in this form was required, and raw laboratory 
data. tb- Principles and Methods section describes the basic 
princip~ of the analyses and methods of calculation. All 
calculation results are expressed in metric units according to 
Table 2. 

~ 
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Table 1. Summary of Tests Performed 

-------------------------------------------------------------------------------!Hydraulic CornuctivitviMoisture Retention!Initial I I Dry 
Sample I I IHangir.g I Pressure I M::>isture I I Bulk. 
Number !Saturated! Unsaturated! ColUim'l I Plate !Content IPorosityl~~sity --------------------------------------------------------7-8 X . I X X X X X X 

I 
11-12 X I X X X X X X 

I 
16-17 X I X X X X X X 

I 
21-22 X I X X X X X X 

I 
25-26 X I X X X X X X 

I 
35-36 X I X X X X X X 

I 
42-43 X I X X X X X X 

I 
61-62 X I X X X X X X 

I 
75-76 X I X X X X X X 

I 
80-81 X I X X X X X X 

~ DANIEL B. STEPI1ENS & ASSOCIATES, INC. -



Table 2. Unit Conver_ :ions 

Hydraulic Conductivity: em/sec 

M:>isture Content: % volume 

Bulk Density: g/CC 

Porosity: dimensionless (cm3;cm3) 

Note: Unless othe:rwise stated, lengths are in units of 
centimeters, and masses are in units of grams. 

~ -=:--:::::::= DA!':IEL B. STEPHENS & ASSOCIATES. INC. 



SAMPLE CHARACTERISTICS 



Table 3. SUmmary' of Sample Characteristics 

Sample No. I Depth < ft) I Color Texture Comments --------------------------------------
7-8 Ul"lknc:M.n. Reddish Brc:Mn Volcanic Ash Contained Olivine Crystals 

11-12 Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 

16-17 Ul"lknc:M.n. Reddish Brown Volcanic Ash Contained Olivine Crystals 

21-22 Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 

25-26 U1'11<ncMn Reddish Brown Volcanic Ash Contained Olivine Crystals 

35-36 Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 

42-43 Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 

61-62 Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 

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

80-81 Unknown Reddish Brown Volcanic Ash Contained Olivine Crystals 

~ 
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SATURATED HYDRAULIC CONDUCTIVITY 



Table 4. Summary of Saturated Hydraulic Conductivity Tests 

Sample No. ~ (em/sec) 

7-8 1.58E-04 

11-12 2.84E-04 

16-17 2.78E-04 

21-22 2.00E-04 

25-26 9.18E-05 

35-36 2.25E-05 

42-43 8.57E-05 

61-62 5.15E-04 

75-76 2.28E-04 

80-81 4.41E-05 

~ 
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FALLING HEAD TEST· DATA 

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

SAMPLE NUMBER: 7-8 
RING NUMBER: 14 

DEPTH: unknown 
TYPE OF WATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c;) 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 20 C 
(1987) (DAY) (SEC) ( C) HEAD(CM) HEAD(CM) (CM/SEC) (CM/SEC) 

============================================================================= 
TEST • 1: 

11/5 0.00 19.0 
11/5 0.00 705 19.0 

TEST I 2: 
11/5 0.00 19.0 
11/5 0.00 590 19.0 

AVERAGE K SAT: 1.58E-04 (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: S. Stcl ler 

CHECKED BY: U. Cox 

0.0 70.5 
0.0 24.8 l.SSE-04 1.61E-04 

0.0 70.5 
0.0 30.4 1.52E-04 1.55E-04 

~ 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unkno111n 
TYPE OF WATER USED: 0.01N CaC\2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c1l 

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CN) HEAD(CMl (CM/SEC) (CM/SECl 

============================================================================= 
TEST 8 1: 

11/10 839:33 15.0 
11/10 845:39 423 15.0 

TEST 8 2: 
11/10 854:11 15.0 
11/10 900:20 369 15.0 

AVERAGE K SAT: 2.B4E-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

0.0 74.6 
0.0 29.4 2.3SE-04 2.59E-04 

0.0 74.6 
0.0 28.3 2.8DE-04 3.09E-04 

~ 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unkno111n 
TYPE OF WATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. c~) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c1l 

SAMPLE LENGTH: 3.0 (em) 

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

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

11/S O.DO 19.0 
11/5 0.00 302 19.0 

TEST I 2: 
11/5 0.00 19.0 
11/5 0.00 276 19.0 

AVERAGE K SATr 2.78E-04 (CM/SECl 

COMMENTS: 

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

CHECKED BY: U. Cox 

D.O 69.8 
0.0 32.7 2.68E-04 2.73E-04 

0.[} 69.8 
0.0 34.0 2.78E-04 2.83E-04 

~ 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 
TYPE OF WATER USED: 0.01N CaCIZ SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. cal 

SAMPLE LENGTH: 3.0 (cal 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT ; 2D C 
(1987) (OAYl (SEC) ( C) HEAQ(CM) HEAD(CM) (CM/SECl (CM/SECl 

============================================================================= 
TEST • 1: 

11/5 0.00 19.0 
11/5 0.00 364 19.0 

TEST • 2: 
11/5 0.00 19.0 
11/5 0.00 497 19.0 

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

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: U. Cox 

0.0 76.1 
0.0 38.7 1.98E-04 2.02E-04 

0.0 76.1 
0.0 30.7 1.95E-04 1.99E-04 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

DEPTH: unknolin 
TYPE OF WATER USED: O.OtN CaC12 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
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) (DAY) (SEC) ( Cl HEAD(CM) HEAD(CM) (CM/SEC) (CM/SECl 

============================================================================= TEST# 1: 
11/5 0.00 19.0 
1115 0.00 1116 19.0 

TEST !I 2: 
11/5 0.00 19.0 
1115 0.00 736 19.0 

AVERAGE K SAT: 9.18E-05 (CM/SEC) 

COMMENTS: 

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

CHECKED BY: W. Cox 

0.0 76.5 
0.0 29.6 9.08E-05 9.25E-05 

0.0 76.5 
0.0 41.3 8.94E-05 9 .11E-05 

~ 
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FALLING HEAD TEST DATA 

JOB NAME: los Alamos 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unknown 
TYPE OF YATER USEQ: 0.01N CaCI2 SOLUTION 

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

SAMPLE LENGTH: 3.0 (c•l 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CMl HEAQ(CMl (CM/SECl (CM/SECl 

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

11/1D 845: 16 15.0 
11/10 941:03 3347 15.0 

TEST I 2: 
11/10 942:22 15.0 
11/10 1110:48 5306 15.0 

AVERAGE K SAT: 2.25E-05 (CM/SECJ 

COMMENTS: 

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

CHECKED BY: Y. Cox 

0.0 70.7 
0.0 36.9 2.07E-05 2.29E-05 

0.0 70.7 
0.0 26.1 2.00E-05 2.21E-05 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

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

SAMPLE X-SECTION AREA: 22.D6D (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c•) 

SAMPLE LENGTH: 3.0 (c•) 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1987) (DAY) (SEC) ( C) HEAD(CM) HEAO(CM) (CM/SEC) (CM/SEC) 

============================================================================= 
TEST ll 1: 

11/10 841:17 15.0 
11/10 904:42 1405 15.0 

TEST • 2: 
11/10 905:46 15.0 
11/10 923:33 1067 15.0 

AVERAGE K SAT: 8.57E-OS (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoller 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: U. Cox 

0.0 76.5 
0.0 29.6 7.21E-05 7.96E-05 

0.0 76.5 
0.0 33.3 8.32E-05 9 .18E-05 

~ 
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FALLING HEAD TEST DATA 

JOB NAMEt Los Ala,os 
JOB NUMBER: 87-L-070 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknollln 
TYPE OF UATER USED: O.OlN CaC12 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: 0.785 (sq. c,) 

SAMPLE LENGTH: 3.0 (cal 

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

============================================================================= 
TEST# 1: 

11/10 840:53 15.0 
11/10 844: 18 265 15.0 

TEST I 2: 
11/10 855:36 15.0 
11/10 859: 14 218 15.0 

AVERAGE K SAT: S.1SE-04 (CM/SECl 

COMMENTS: 

LABORATORY ANALYSIS BY: 5. Stoi l~r 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: W. Cox 

0.0 79.8 
0.0 28.8 4 .11E-04 4.53E-04 

0.0 79.8 
0.0 27.4 5.23E-04 5.78E-04 

( 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknown 
TYPE OF ~ATER USED: 0.01N CaCI2 SOLUTION 

SAMPLE X-SECTION AREA: 22.060 (sq. em) 
STANDPIPE X-SECTION AREA: D.785 (sq. c•l 

SAMPLE LENGTH: 3.0 (cl) 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1987) (DAY) (SEC) ( Cl HEAD(CMl HEAD(CMl (CM/SECl (CM/SECl 

============================================================================= TEST# 1: 
11/lD 840:27 15.D 
11/10 849:03 576 15.0 

TEST # 2: 
11/10 855:03 15.0 
11/10 903:29 506 15.0 

AVERAGE K SAT: 2.28E-04 (CM/SECl 

COMMENTS: 

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

.CHECKED BY: ~. Cox 

0.0 76.1 
0.0 26.8 1.93E-04 Z.13E-04 

0.0 76.1 
0.0 26.8 2.20E-04 Z.43E-04 
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FALLING HEAD TEST DATA 

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

SAMPLE NUMBER: 80-81 
RING NUMBER: 18 

DEPTH: unknown 
TYPE OF WATER USED: 0.01N CaCI2 SOLUTION 

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

SAMPLE LENGTH: 3.0 (em) 

DATE TIME DEL T TEMP RESERVOIR SAMPLE K SAT K SAT a 20 C 
(1987) (DAY) (SEC) ( C) HEAO(CM) HEAO(CM) (CN/SEC) (CM/SEC) 

============================================================================= TEST # 1: 
11/10 84D:02 15.0 
11110 921:11 2469 15.0 

TEST # 2: 
11/10 923:49 15.0 
11110 1015:03 3074 15.0 

AVERAGE K SAT: 4.41E-OS (CM/SEC) 

COMMENTS: 

LABORATORY ANALYSIS BY: S. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: ~. Cox 

0.0 74.9 
0.0 27.4 4.35E-05 4.80E-05 

0.0 74.0 
0.0 25.9 3.65E-OS 4.02E-05 
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MOISTURE RETENTION 



Table 5. Summary of Moisture Retention Characteristics 

Sample No. 

7-8 

11-12 

16-17 

21-22 

25-26 

Pressure Head 
(em of wate;:J_ 

-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 

-0.0 
-101.0 
-199.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-97.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-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 

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



Table 5. Summary of Moisture Retention Characteristics (continued) 

Sample No. 

35-36 

42-43 

61-62 

75-76 

80-81 

Pressure Head 
(em of water} 

-o.o 
-205.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-100.5 
-209.0 

-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-95.5 

-202.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

-0.0 
-95.0 

-199.0 
-1019.8 
-3059.4 
-5099.0 

-15297.0 

-,.0.0 
-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 RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 7-8 
RING NUMBER: 14 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

189.1 (9) 
72.1 ( 9) 

0.0 (9) 
82.7 (9) 

51.8 (t; vel) 
34.3. (cc:l 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(t; VOL) 
(1987) (CM) VOL (CC) VOL (CC) VOL (CCl DRYING WETTING 

==========~=============~=================================================== 11/23 1025 0.0 37.1 51.8 0.0 
11/25 800 100.0 35.5 1.6 1.6 49.4 0.0 
11130 81D 195.0 35.2 0.3 1.9 49.0 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

~ 
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MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 7-8 
RING NUMBER: 14 

DEPTH: unkno11n 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

189.1 (g) 

72' 1 (g) 
0. 0 (g) 

82.7 (g) 

51.8 (~ vol) 
3D.1 (cc:l 

184.9 (g) 

195.0 (ell) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
( 1987) (BAR l · W/R lNG( 5) WT ( Gl WT (G) CONTENT ( ~ VOU 

====================================================================== 
! 1/30 845 0.0 184.9 
12/2 735 1 . 0 164.7 20.2 20.2 15.0 
12/6 830 3.0 164.0 0.7 20.9 13.9 
12/8 840 s.o 163' 1 0.9 21.8 12.5 

12/13 1655 15.0 160.3 2.8 24.6 8.3 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: U. Cox 

~ ===:::= DANIEL B. STEPHENS & ASSOCIATES. INC. 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D7D 

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (cc) 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF UATER !N SAMPLE: 

193.6 (g) 
73.3 (g) 

D. 0 ( 9) 
83.2 (g) 
56.1 (~vel) 
37.1 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CM) VOL (CC) VOL (CC) VOL (CC) DRYING WETTING 

===================:======================================================== 
11/23 1D25 D.D 36.4 56.1 O.D 
11/25 8DD 98.0 34.6 1.8 1.8 53.3 0.0 
11/3D 81D 198.0 34.2 D.4 2.2 52.7 D.D 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: U. Cox 

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



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (cc) 

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

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, ~/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

193.6 ( 9) 

73.3 (s) 
0.0 (sl 

83.2 (sl 
56.1 ( ~ vo I l 
32.6 (cc:) 

189.1 (sl 
198.0 (cal 

----------------------------------------------------------------------DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
( 1967) (BAR l W/R I NG( Gi UT (G l UT (G) CONTENT ( ~ VOll 

====================================================================== 
11/30 845 0.0 189.1 
1212 740 1. 0 181.4 7.7 7.7 37.6 
12/6 830 3.0 175.9 5.5 13.2 29.3 
12/8 840 5.0 173.8 2.1 15.3 26.1 

12/13 1700 15.0 169.7 4.1 19.4 19.9 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: ~. Cox 

~ 
-:::;----:: DANIEL B. STEPHENS & ASSOCIATES. INC. 
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FIGURE NUMBER' Pressure Head ( ~m of water) vs. Moisture 
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FOR: 
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~ DANIEL B. STEPHENS & ASSOCIATES. INC. ,.,.___ ~ 



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (cc) 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

193 0 6 ( 9) 

73.1 ( 9) 
0.0 (g) 

84.2 (g) 
54.9(1;vol) 
36.3 (c:c) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(1. VOL) 
(1987) (CMl VOL (CCl VOL (CC) VOL (CC) DRYING WETTING 

============================================================================ 
11/23 1025 0.0 33.7 54.9 0.0 
11/25 BOO 101.0 32.9 0.8 0.8 53.6 0.0 
11/30 810 199.0 32.4 0.5 1.3 52.9 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

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



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: lb-17 
RING NUMBER: 2 

DEPTH: unknown 
SAMPLE VOLUME: b6.18 (cc) 

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

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, ~/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

193.b (9) 
73.1 (9) 

0.0 (9) 

84.2 ('3) 
54.9!1;vcl) 
33.4 (eel 

190.7 ( 9) 

199.0 (ell!) 

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

====================================================================== 
11/30 845 0.0 190.7 
12/2 740 1.0 185.2 5.5 5.5 42.2 
12/b 830 3.0 17b.b 6.b. 14.1 29.2 
12/8 840 5.0 174.5 2.1 16.2 2b.O 

12/13 1700 15.0 170.8 3.7 19.9 20.4 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stc II er 
CALCULATION MADE BY: S.Stcller 

CHECKED BY: U. Cox 

~ -=:---:::::: DANIEL B. STEPHENS & ASSOCIATES. INC. 
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FIGURE NUMBER: 

FOR' 

Los Alamos 

Moisture Content (cm3/cm3) 

Pressure Head (em of water) vs. Moisture 
Content (cm3/cm3), Sample No. 16-17 

PROJECT NO: DATE: PLOTTED BY: CHECKED BY: 

87-L-070 1/4/88 SLS WBC 
DANIEL B. STEPHENS 
& ASSOCIATES, INC.. 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. INC. 



I I i 

MOISTURE RETENTION DATA -HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

194.0 (g) 

73.8 (g) 

0.0 (g) 
83.0 (g) 
56.2 (,; vel) 
37.2 (cc) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CM) VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

============================================================================ 
11/23 1025 0.0 34.5 56.2 0.0 
11/25 800 97.0 34.4 0.1 0.1 56.1 0.0 
11/30 810 198.0 37.6 -3.2 -3.1 60.9 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

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



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

194.0 (9) 

73.8 (g) 
0.0 (g) 

83.0 (g) 
56.2 a vol) 
32.7 (eel 

189.5 (9) 

198.0 (c•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BARl W/RING(G) WT (G) WT (G) CONTENT (t VOL) 

====================================================================== 
11/30 845 0.0 189.5 
12/2 740 1.0 175.4 14.1 14' 1 28.1 
12/6 830 3.0 171.9 3.5 17.6 22.8 
12/8 840 5.0 169.7 2.2 19.8 19.5 

12/13 1710 15.0 165.0 4.7 24.5 12.4 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: W. Cox 

~ DANIEL B. STEPHE~S & ASSOCIATES. INC. ,..... ~ 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

DEPTH: unk noliln 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

198.3 (g) 
72.8 (g) 

0. 0 (g) 
91.1 (g) 

52.0 (~ vo I l 
34.4 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) (CM) VOL (CCl VOL (CC) VOL (CCl DRYING WETTING 

============================================================================ 11/23 1025 0.0 35.6 52.0 0.0 
11/25 800 98.5 35.2 0.4 0.4 51.4 0.0 
11/30 810 203.0 36.5 -1.3 -0.9 53.3 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION MADE BY: S. Sto II er 

CHECKED BY: IJ. Cox 

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



I ' ' 

MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-l-D70 

SAMPLE NUMBER: 25-26 
RING NUMBER: C 

DEPTH: unk no~n 
SAMPLE VOLUME: 66.18 (cc) 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

198.3 ( 9) 
72.8 (g) 

0. 0 {g) 
91.1 (g) 

52.0 (X vel) 
30.9 ( cc:) 

194.8 (g) 

203.0 (c•) 

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

====================================================================== 
11/30 845 0.0 194.8 
12/2 740 1.0 179.3 15.5 15.5 23.3 
12/6 830 3.0 178.0 1.3 16.8 21.3 
12/8 840 5.0 174.9 3.1 19.9 16.6 

12/13 1710 15.0 170.5 4.4 24.3 10.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Sto II er 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: IJ. Cox 

------------ --------------------------
~ -=----== DANIEL B. STEPHENS & ASSOCIATES. I\'C. 
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~ -=--= DANIEL B. STEPHENS & ASSOCIATES. I~C. 



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D7D 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unk nc111n 
SAMPLE VOLUME: . 66.18 ( cd 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

2D8.4 (g) 
73.3 (g) 
0.0 (g) 

106.8 (g) 
42.8 (Y. val) 
28.3 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(Y. VOL) 
(1987) (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

============================================================================ 11/24 1120 0.0 33.0 42.8 D.D 
11/28 1125 96.0 32.1 0.9 0.9 41.4 0.0 
11/30 810 205.0 32.1 0.0 0.9 41.4 O.D 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Ccx 

~ 
~ DANIEL B. STEPHENS & ASSOCIATES. INC. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: B7-L-070 

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

208.4 (g) 
73.3 (g) 
0.0 (g) 

1a6.8 (g) 
42.8 (Y. vel) 
27 .a (eel 

207.1 ( 9) 
2a5.0 (e•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BAR) W/RING(G) WT (G) WT (G) CONTENT (Y. VOL) 

====================================================================== 
11/30 845 o.a 207.1 
12/2 74a La 200.: 7.0 7.0 30.2 
12/b 830 3.0 189.5 10.6 17.6 14.2 
12/8 840 5.0 189.0 0.5 18.1 13.4 

12/13 1715 15.0 186.3 2.7 20.8 9.4 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S.St:JI!er 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

~ 
----- DANIEL B. STEPHE;-...;S & ASSOCIATES. I~C . ........... ~ 
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DANIEL B. STEPHENS 
& ASSOCIATES, INC .. 
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~ 
~ DANIEL B. STEPHENS & ASSOCIATES. I~C. 



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unkno11n 
SAMPLE VOLUME: 66.18 (cc) 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

208.0 (9) 

72.6 (9) 

0. 0 ( 9) 
107.4 (9) 
42.3 (~ val) 
28.0 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(Y. VOL) 
(1987) (CM) VOL (CC) VOL (CC) VOL (CC) DRYING WETTING 

==================================~========================================= 
11/24 1120 0.0 32.7 42.3 0.0 
11/28 1125 100.5 32.7 0.0 0.0 42.3 0.0 
11/30 810 209.0 32.6 0.1 0.1 42.2 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

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



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D7D 

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unknown 
SAMPLE VOLUME: bo.18 (cc) 

SATURATED WEIGHT AT 0 CM TENSION 
(WITH CAPANO RING): 

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

208.0 (9) 

72.6 (9) 

0. 0 ( 9) 

107.4 (9) 

42.3 (l vo I) 
26.4 (cc) 

206.4 ( 9) 

209.0 (cl) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BAR) W/RING(G) UT (G) UT (G) CONTENT(); VOU 

====================================================================== 
11/3D 845 0.0 20b.4 
12/2 740 1.0 202.2 4.2 4.2 33.5 
12/6 830 3.0 200.2 2.0 6.2 30.5 
12/8 840 5.0 199.1 1.1 7.3 28.9 

12/13 1720 15.0 195.1 4.0 11.3 22.6 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: W. Cox 

-----------------------------------··---
~ 
---- DANIEL B. STEPHENS & ASSOCIATES. INC. ,_.. .......... ~ 
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FOR' 
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~ DANIEL B. STEPHENS & ASSOCIATES. INC. -



MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

JOB NAME: LOS ALAMOS 
JOB NUMBER: 87-L-D70 

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unk no111n 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

21D.1 (9) 
73.4 (9) 

D. 0 (9) 
112.6 (g) 
36.4 (t vo I) 
24.1 (c:cl 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(t VOL) 
(1987). (CMl VOL (CCl VOL (CCl VOL (CCl DRYING WETTING 

============================================================================ 11/24 1120 0.0 36.1 36.4 0.0 
11128 1125 95.5 35.0 1.1 1.1 34.8 0.0 
11/30 810 2D2.0 33.6 1.4 2.5 32.6 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: W. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. J;\IC. 



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unkno111n 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN, W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

210.1 (9) 
73.4 (9) 
0 0 0 ( 9) 

112.6 (9) 
36.4 (X vo I l 
20.8 (eel 

206.8 (9) 
202.0 (ell) 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(!987) (BAR) W/RING(Gl WT (G) WT (G) CONTENT (X VOL) 

====================================================================== 11/30 845 0.0 206.8 
12/2 740 1.0 198.8 8.0 8.0 19.3 
12/6 830 3.0 193.4 5.4" 13.4 11.2 
12/8 840 5.0 192.9 0.5 13.9 10.4 

12/13 1720 15.0 191.2 1.7 15.6 7.9 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S.Stoller 

CHECKED BY: W. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. ~~ 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY ~EIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF ~ATER IN SAMPLE: 

204.5 (g) 
73.4 (g) 
0. 0 (g) 

103.6 (CJ) 
41.6 (l vel) 
27.5 (c:c) 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(1. VOL) 
(1987) ((11) VOL (CC) VOL (CCl VOL (CC) DRYING ~ETTING 

============================================================================ 11/24 1120 0.0 34.4 41 '6 0.0 
11/28 1125 95.0 32.0 2.4 2.4 37.9 0.0 
11/30 810 199.0 28.8 3.2 5.6 33.1 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: ~. Cox 

~ DANIEL B. STEPHENS & ASSOCIATES. INC. -



MOISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
~EIGHT FROM HANGING COLUMN, U/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

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

103.6 (g) 
41.6 (~ val) 
21.9 (eel 

198.9 (g) 

199.0 (c•l 

DATE TIME PRESSURE WEIGHT CHANGE CHANGES MOISTURE 
(1987) (BARl U/RING(Gl WT (G) WT (Gl CONTENT (~VOL) 

====================================================================== 11/30 845 0.0 198.9 
1212 74D 1.0 192.9 6.0 6.0 24.0 
12/6 830 3.0 185.3 7.6 13.6 12.5 
12/8 840 5.0 184.7 0.6 14.2 11.6 

12/13 1725 15.0 182.5 2.2 16.4 8.3 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: U. Cox 

-----·--------------------------------------------------------------------
~ DANIEL B. STEPHENS & ASSOCIATES. Il\JC. ,...., ,_, ...,., 
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MOISTURE RETENTION DATA - HANGING COLUMN 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 80-81 
RING NUMBER: 18 

DEPTH: unknown 
SAMPLE VOLUME: 66.1 B ( !:d 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 

215.1 (g) 
73.1 (g) 
0 .u (g) 

119.1 (g) 
34.6 (X vel) 
22.9 (eel 

DATE TIME SUCTION BURET CHANGE CHANGES MOISTURE CONTENT(~ VOL) 
(1987) !CMl VOL (CC) vOL (CC) VOL (CCl DRYING WETTING 

============================================================================ 111:?4 1120 0.0 34.0 34.6 c.o 
11128 1125 98.5 31d -0.1 -0.1 34.8 o.c 
11/30 810 205.0 33.1 -4.0 -4.1 40.8 0.0 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S. Stoller 

CHECKED BY: W. Cox 

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



~OISTURE RETENTION DATA - 15 BAR PRESSURE PLATE 
(PORE SIZE DISTRIBUTION) 

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

SAMPLE NUMBER: 80-81 
RING NUMBER: 18 

DEPTH: unknown 
SAMPLE VOLUME: 66.18 (eel 

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

TARE RING: 
TARE CAP: 

DRY WEIGHT OF SAMPLE: 
SATURATED MOISTURE CONTENT: 

INITIAL VOLUME OF WATER IN SAMPLE: 
WEIGHT FROM HANGING COLUMN1 W/0 CAP: 

FINAL TENSION ON HANGING COLUMN: 

215.1 (g) 
73.1 (g) 

0.0 (g) 
119.1 (g) 
34.6 (~ vel) 
21.4 (eel 

213.6 (g) 

205.0 (c•l 

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

====================================================================== 
11/30 845 0.0 213.6 
1212 740 1.0 210.4 3.2 3.2 27.5 
12/6 830 3.0 204.3 b .1 9.3 18.3 
12/8 840 5.0 2D3.5 0.8 10.1 17.1 

12113 1725 15.0 199.3 4.2 14.3 10.7 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATION MADE BY: S.Stcller 

CHECKED BY: W. Cox 

--------------------------------· ----------

~ 
~ D:\:\IEL B. STEPHENS & ASSOCIATES, INC. 



-1 0 :s 

..-..-1 0 4 

...... 
(l) 

-+-J 
0 
3: 

...__ 
0 

-1 0 J 
E 
u ...._., 

"0 
0 
(l) 

:r:_1 0 2 

(l) 
...... 
::J 
en 
(/) 
(l) 
...... 

0... 
-1 0 

* 

-1 
0.05 0.1 0 0.15 0.20 0.25 0.30 0.35 

FIGURE NUMBER: 

FOR' 

Los Alamos 

Moisture Content (cm3/cm3) 

Pressure Head (em of water) vs. Moisture 
Content (cm3/cm3), Sample No. 80-81 

PROJECT NO: DATE: 

87-L-070 1/4/88 

~ 

PLOTTED BY: CHECKED &Y: 

SLS WBC 

,......__ ______ _ 
,...., ,.... 

DANIEL B. STEPHENS 
& ASSOCIATES, INC .. 

~ DANIEL B. STEPHF:;-..;S & ASSOCIATES. !:\C. 



I , 

'~ 

INITIAL MOISTURE CONTENT, DRY BULK 
DENSITY AND POROSITY 



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

!Initial Moisture Content I Dry Bulk 
Sample No. !Gravimetric Volumetric! Density Porosity * 

I (g/g) (cm3/cm3 ) I (g/cc) (% vol) ----------------------------------------------------------------
7-8 28.30 35.36 1. 25 51.8 

11-12 14.90 18.74 1. 26 56.1 

16-17 17.46 22.21 1. 27 54.9 

21-22 15.90 19.95 1. 25 56.2 

25-26 13.94 19.19 1. 38 52.0 

35-36 14.51 23.42 1. 61 42.8 

42-43 22.53 36.57 1. 62 42.3 

61-62 11.55 19.64 1. 70 36.4 

75-76 14.77 23.12 1. 57 41.6 

80-81 11. 17 20.10 1. 80 34.6 

*Taken as saturated moisture content 

D.\\'!LL B. STEPHE\S & \SSOC'l:'\.TF.S. [\'(' 



DATA FOR INITIAL MOISTURE CONTENT, 
SULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 11-12 
RING NUMBER: 22 

DE?TH: unk ne111n 

FJELD ~JEGHT OF SAMPLE (~/CAP AND RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

168.9 (9) 
73.3 (9) 
0.0 (g) 

66.18 (cc) 
12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 83.2 (g) 
DRY BULK DENSITY: 1.26 (g/cc) 
PARTICLE DENSITY: 2.65 (9/ccl 
(METHOD: ASSUME MEAN PART!CLE DENSITY = 2.65 9/ccl 

CALCULATED POROSITY: 52.56 (~vel) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 18.74 (~vel) 

INITIAL MOISTURE CONTENT (GRAVIMETRJC): 14.90 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Steller 
CALCULATIONS MADE BY: S. Staller 

CHECKED BY: W. Cox 

~----------



DATA FOR INITIAL MOISTURE CONTENT, 
BULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 16-17 
RING NUMBER: 2 

DEPTH: unkno11n 

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

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

172.0 (g) 
73.1 (g) 
0.0 (g) 

66.18 (cd 
12113/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 84.2 (g) 
DRY BULK DENSITY: 1.27 (glee) 
PARTICLE DENSITY: 2.65 (glee) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 51.99 (~vel) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 22.21 (~ vel) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 17.46 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stoller 
CALCULATIONS MADE BY: 5. Stoller 

CHECKED BY: W. Cox 

[) \.\IEL B :-;Tf-:!l![J-:\'-- ., .\~:-:()C[\1'1:~. 1\C. 



DATA FOR INITIAL MOISTURE CONTENT, 
BULK DENS! TY, AND POROSITY 

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

SAMPLE NUMBER: 21-22 
RING NUMBER: F 

DEPTH: unknc11n 

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

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

170.0 (g) 
73.8 (g) 
0.0 (g) 

66.18 (eel 
12/13/87 17CO 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 83.0 (g) 
DRY BULK DENSITY: 1.25 (g/ecl 
PARTICLE DENSITY: 2.65 (g/ccl 
(METHOD: ASSUME MEAN PARTICLE DENSITY : 2.65 g/ccl 

CALCULATED POROSITY: 52.67 (T. vel) 

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

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 15.90 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. Stoller 
CALCULATIONS MADE BY: S. Stol ier 

CHECKED BY: U. Cox 

~ 
~ I\\\IFL H :-;TE!'t!f·:\:-1 ,\.: \:-;:-;oCL\TI·:S. I\C 



DATA FOR INITiAL MOISTURE CONTENT, 
SULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 25-26 
.~I NG NUMBER : C 

DEPTH: unknc11n 

FIELD UIEGHT OF SAMPLE (U/CAP AND RING): 
TARE UEIGHT1 RING: 

TARE UEIGHT1 PAN: 
SAMPLE VOLUME: 

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

176.6 (g) 
72.8 (g) 
0. 0 (g) 

66.18 (cc) 
12/13/87 1700 
12/17/87 940 

DRY UEIGHT OF SAMPLE: 91.1 (9) 
DRY BULK DENSITY: 1.38 (9/cc) 
PARTICLE DENSITY: 2.65 (g/cc) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 48.05 (~vel) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.19 a vel) 

INITIAL MOISTURE CONTENT (GRAVIMETR!Cl: 13.94 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: 5. 5tol ler 
CALCULATIONS MACE BY: 5. 5tel ier 

CHECKED BY: U. Cox 



DATA FOR INITIAL ~O!STURE CONTENT, 
BULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 35-36 
RING NUMBER: G 

DEPTH: unknown 

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

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

195.6 (g) 
73.3 (g) 

0. 0 (g) 
bb .18 (eel 

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

DRY WEIGHT OF SAMPLE: 106.8 (g) 
DRY BULK DENSITY: 1.61 (g/cc) 
PARTICLE DENSITY: 2.65 (g/cc) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 39.10 (~ val) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 23.42 (~ val) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 14.51 (7.) 

COMMENTS: 

LABORATORY ANALYSIS PE~FORMED BY: 5. Stoller 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: W. Cox 



DATA FOR lN!TlAL MOISTURE CONTENT, 
BULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 42-43 
RING NUMBER: 4 

DEPTH: unkno~n 

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

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

204.2 (g) 
72.6 ('3) 
0. 0 (g) 

66.18 kcl 
12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 107.4 (9) 
DRY BULK DENSITY: 1.62 (9/ccl 
PARTICLE DENSITY: 2.65 (glee) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 9/ccl 

CALCULATED POROSITY: 38.76 (~ ~ol) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 36.57 (~ 110!) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 22.53 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stcl IRr 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: ~. Cox 

/('-~ 
-:.:::::::--::: D \\ILl. B :-iTI-:l'l!E\S ,\ :\:-;_..;0\f.\TFS. I \C. 



DATA FOR INITIAL MOiSTURE CONTENT, 
BULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 61-62 
RING NUMBER: A4 

DEPTH: unknown 

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

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

199.0 ( 9) 
73.4 (9) 
0. 0 (g) 

66.18 (cc) 
12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 112.6 (g) 
DRY BULK DENSITY: 1.70 (g/ccl 
PARTICLE DENSITY: 2.65 (g/cc) 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 9/ccl 

CALCULATED POROSITY: 35.60 (~ vol l 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 19.64 (~ vol) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): . 11.55 m 
COMMENTS: 

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

CHECKED BY: W. Cox 

~ =:--::::::::::= D ·\.\II-: L B. STF PH E \,:S & ASSOC L\ TES. I ',:C. 
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DATA FOR lN!TlAL MO(STURE CONTENT, 
3ULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 75-76 
RING NUMBER: 19 

DEPTH: unknown 

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

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

192.3 (9) 
73.4 (g) 
0.0 (g) 

66.18 (cd 
12/13/87 1700 
12/17/87 940 

DRY WEIGHT OF SAMPLE: 103.6 (g) 
DRY BULK DENSITY: 1.57 (g/ccl 
PARTICLE DENSITY: 2.65 (9/ccl 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 40.93 (X vel) 

!N!TIAL MOISTURE CONTENT (VOLUMETRIC): 23.12 (X vel) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 14.77 (X) 

COMMENTS: 

LABORATORY ANALYSIS CERFORMED BY: 5. Stoller 
CALCULATIONS MAOE BY: 5. Stcl ler 

CHECKED BY: ~. Cox 

-- ·----------- ·-·-

~ D.\\lFL B ST!·:l'l!F\S X: :\SSOC!\TF.S. l\C ~ =w.-. 



DATA FOR INITIAL MOISTURE CONTENT, 
BULK DENSITY, AND POROSITY 

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

SAMPLE NUMBER: 80-81 
RING NUMBER: 18 

DEPTH: unknown 

FIELD WIEGHT Of SAMPLE (Y/CAP ANO RING): 
TARE WEIGHT, RING: 

TARE WEIGHT, PAN: 
SAMPLE VOLUME: 

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

205.5 (g) 
73.1 (g) 
0. D (g) 

66.19 (eel 
12/13/87 1700 
12/17/87 940 

DRY UEIGHT OF SAMPLE: 119.1 (g) 
DRY BULK OENS!TY1 1.80 (g/cc) 
PARTICLE DENSITY: 2.65 (g/ccl 
(METHOD: ASSUME MEAN PARTICLE DENSITY = 2.65 g/cc) 

CALCULATED POROSITY: 32.09 (~vel) 

INITIAL MOISTURE CONTENT (VOLUMETRIC): 20.10 (l voi) 

INITIAL MOISTURE CONTENT (GRAVIMETRIC): 11.17 (~) 

COMMENTS: 

LABORATORY ANALYSIS PERFORMED BY: S. Stol lrr 
CALCULATIONS MADE BY: S. Stoller 

CHECKED BY: W. Cox 

~ -::=::::::-= 0:\.\IEL B. STEPHE.\S & .-\SSOCI:\.TES. 1.\C. 



UNSATURATED HYDRAULIC PROPERTIES 



Table 7. Summary of Parameters for Calculating Unsaturated 
Hydraulic Conductivity 

--------------------------------------------------------------------
Q; N er es Ks Sample No. (cm-1) {dimension- (cm3;cm3) (cm3/cm3) (em/sec) 

less) --------------------------------------------------------------------7-8 0.00272 2.49734 0.083 0.518 1.58E-04 

11-12 0.00231 1.73884 0.199 0.561 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 9.18E-05 

35-36 0.00108 2.44961 0.094 0.428 2.25E-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.l5E-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 .•UE-05 

~ 
-::::::::::-::: 0:\\IEL G. STEl'I!E:\S & :\SSOCI.-\TES. !\C. 
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PRINCIPLES AND METHODS 



SATURATED HYDRAULIC CONDUCTIVIT~ 

Method 

The saturated hydraulic conductivitY.· of a soil sample can .. 
be measured in two types of laboratory apparatus: a constant head 
permeameter or a fallin~ head permeameter. 

Constant head. The hydraulic conductivity K is· defined here 

as the ratio of q, the volume flux of water pJssing'throu~h ·a 

unit cross sectional area of soil per unit time, a'nd (~h/L) ·or 
gradient of hydraulic head in the direction of flow; correct~d 
to 20°C: 

( 1 ) 

where v20 ,T is the kinematic viscosity a~ 20°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 any loss of soil or 

change in volume and establishes laminar unidirectional flow 
through the sample. A constant head differential, 6h, is then 
set up acroaa the sample and maintained. Periodic readings of 

volumetric outflow are taken until stable values for conductivi

ty, K are obtained. Temperature of the fluid is measured w~th a 
thermometer. Figure B-1 is a diagram of the apparatus used. A 
constant head system is best suited to samples with conductivi-

1 
. -4 t es greater than 10 em/sec. 

~ 
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falling head. A soil sample of len~th L and cross sectional 

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

cross-sectional area, a. A head ot Hl , is established in the 

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

tall to H 
2 

in time t. Fi~ure B-2 is a diagram o1! the apparatus 

used. A fallin~ head system is best suited to samples with 

conductivities less than 10 -
4 

em/sec. The hydraulic conductivi-

ty, is then defined as: 

K • ( a x L/A x t) R.n (H
1

/H
2

)(VT/V20) ( 2 ) 

f'rocedures: 

Constant head. Cylinders containing the soil sample are 

covered on both ends with loose tittin~ caps 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 screens are placed over one end; a very 

stitf one of coarse mesh for support and a fine one of either 60 

to lOO mesh to prevent any sample from 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 

DANIEL B. STEPHE:\"S & ASSOCIATES. I~C. 
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the sample. Water flows upward throu~h the sample due to the 

hydraulic head difference across the sample. Periodic measure-

menta of dischar~e and the head difference across the sample are 

made, and the hydraulic conductivity is calculated. A correction 

to 20 ~ is then applied for differences in kinematic viscosity. 

Measurement continues until the calc~lated hydraulic conductivity 

value stabilizes. 

Falling head. Saturation of the sample is obtained by the 

same procedures described under constant head test. Screens are 

also attached as outlined under constant head test. The ring 

with screens is then placed in the falling head sample retainer 

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

standpipe and 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 of 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. 

viscosity. 

Calculations: 

Correction is applied for kinematic 

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 of pore size distribution as a soil characteristic is 

based upon acceptance of the capillary model. This model is 

described by: 

h 1 
• 2 cos YIP gr ( 3 ) 

where h 1 is the height to which a liquid will rise in a clean 

capillary tube of radius r, Y is the surface tension of the 

liquid, p is its density, and g is acceleration due to gra

vity. If water is extracted from an initially saturated sample 

of soil by a tension equal to h 1 , the volume of water extracted 

is equal to the volume of pores having an effective radius 

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

sample increases, additional water drains from progressively 

smaller pores. 

Method 

The key component of the apparatus for measuring the reten

tion of moisture at different pressure heads or pore size distri

bution is a fritted glass porous plate that conducts water, 

but when wet the plate is impermeable to air. The fritted glass 

DANIEL B. STEPHE:\S & ASSOCIATES. I:\C. 



plates have an air-entry pressure of about 300 to 400 em of 

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

connected to a buret with stopcock by means of flexible tubing. 

A ciiagram 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 positioning the fluid level in the buret at different levels 

below the center of the sample. Water flows out of the sample 

into the buret until equilibrium is achieved. The tension is 

again increased or decreased to obtain another state 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 pass continuously through it tor 24 hours. The 

funnel with porous plate and the buret are supported on vertical 

rods by means of clamps. A saturated sample within its 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 stopcock of the buret closed, the initial 

level of the water in the buret is recorded. 

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

15 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 buret. When drainage has ceased, the stopcock is 

~ 
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closed and we record the water level in the buret and the 

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

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

repeated in a stepwise manner until the maximum tension desired 

is reached. A reversal of the process is used to gather data on 

the wetting behavior of the sample. 

Calculation 

Saturated moisture content e 
sat 

(volume percent) is 

determined as follows: 

e sat • [M sat - M dry] /[VT x p ) X 100 
w 

(% vol) ( 4 ) 

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

oven dried to a constant weight, VT • volume of the sample, p • 
w 

density of the water at temp when saturated mass was determined. 

The quantity [M sat - M dry]/Pw is the volume, in cubic centi-

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

drainage is subtracted trom 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 of tension. 

(% vol) ( 0 ) 

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

drained from sample, VT • volume of sample, eh, • moisture 

content at the tension value h 1
• This gives then a paired set of 

values of tension, or pressure head, versus volumetric moisture 

content. 
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MOISTURE RETENTION - PRESSURE PLATE 

Principle 

The operation ot the pressure plate moisture extractor 
requires maintaining a pressure difference between the liquid 
phase of the water in the soil and water on the opposite side of 
a po·rous· plate which supports the soil sample •. The sample and 
porous plate are sealed in a rigid container so that positive gas 
pressure applied above the plate causes flow to occur aoroaa the 
plate (Figure B-4). The porous ceramic plate is supported by a 
tine mesh screen which also provides a passage way for the 
extracted solution. The water beneath the plate is open to the 
atmosphere through the outflow tube. The illustration in ~igure 
B-5 shows a magnified view of soil particles in contact with the 
plate inside the pressure plate extractor during an extraction 
run. 

As soon as air pressure inside the chamber is raised above 
atmospheric pressure, the higher pressure inside the chamber 
forces exoeea water through the microscopic pores in the plate. 
Air, however, will not tlow through the pores of the plate, 
because the plate remains saturated .due to its 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 forces is in equilibrium with 
the applied pressure. 

Method 

Moisture retention is obtained using a pressure plate 
extractor (Soil Moisture Inc., Santa Barbara, CA, Model 1500), 
with 1, 3 and 15 bar ceramic plates. 

high pressure nitrogen from cylinders. 

Laboratory Procedure 

Pressure is provided by 

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 is sealed and pressure brought to 50% 
of the plates maximum rated pressure. This pressure is maintain-
ed until outflow ceases. The extractor is opened and any excess 
water around tbe plate is removed. 

The sa11 eamples in their sample rings are then placed on 

the plate, making certain good hydraulic contact is established. 

The extractor is then sealed and the pressure brought to the 
level desired. The pressure is maintained until outt low 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 I and the pressure is increased to the 
next increment. 

Calculations 

The decrease in mass of water in the sample during a period 
ot applied pressure is converted to an equivalent decrease in 
volume of water according to: 

(cc) ( 6 ) 

where ~m •·change in mass of soil sample (g), PT • density of 
water at temperature of experiment (g/cc), v 

w 
• equivalent 

volume of water (cc). 

Volumes of water calculated from equation 6 are then used to 
determine the moisture content at that pressure: 

(% vol) (7) 

where e • moisture content at pressure p p(% vel), v 1 • initial 
volume of water in sample (cc), r~ Vw • cumulative water volume 
change (cc) 1 vT • total volume of the sample (cc). 
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INITIAL MOISTURE CONTENT 

Method 

Core method, with oven drying. 

Laboratory Procedure 

The field weight of the soil sample is determined as soon as 
possible after the sample is removed from the packing container. 
The tare of the ring which holds the sample, as well as the mass 
of the caps for the ends of the ring, are determined. The volume 
of soil in the sample ring is also calculated. Attar all speciti-
ed analyses have been performed on the sample, the sample is 
removed from its ring and spread in an aluminum pan. When 
necessary, soil aggregates are broken up by motar and pestal. 
Care is taken not to change the natural particle size distribu
tion. The sample is placed in a convection oven at 110° C tor at 
least 24 hours until dried to a constant weight. 

Calculationa 

The ini.t.al moisture content is determined on a percent . ~';:";,. -

volume basi• aacording to: 

(%vol) <a> 
where ei = initial moisture content ( ~ vel), M i • initial mass 
of soil only (g), M f = final mass of soil only (g), V T • total 
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volume ot sample (cc), P• density ot pore fluid in the soil when 
initial mass was determined (g/cc). The density of the pore 
tluid initially present in the sample is assumed to be 1.0 g/cc. 
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BULK DENSITY 

Method 

Cora 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 loss occurs. 

Calculations 

(g/CC) (9} 
where Pb • dry bulk density (g/cc), M 

0 
• mass of oven dried soil 

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

-----·-------------------------------
~ 
~ DANIEL B. STEPHENS & ASSOCIATES. 1:-..rc. 



POROSITY 

Method 

Calculated trom bulk density and measured or assumed values 
ot particle density, 

Laboratory Procedure 

Bulk density, ob, is determined by oven drying, as described 
in the section outlining the bulk density determination, For 
this aeries ot analyses particle density, p

8 
, is assumed to cs 

2.6e g/cc. 

Calculation 

(percent) (10) 
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UNSATURATED HYDRAUtiC CONDUCTIVITY 

Method. 

Mualem ( 1976 ) described the theoretical basis for a proce-
dure used to estimate unsaturated hydraulic conductivity from the 
soil-water release curve accordin~ to the followin~ equations; 

where Kr 

K • S ;[ r e 
• relative 

~s e el/h(x)dx/ ) 1/h(x) dx] 2 

0 0 
hydraulic conductivity, 

(11) 

ia the 

negative pres~ure head, given here as a function of 4imenaionleaa 
moiature content: 

s • e - e 1 e - e e r s r (12) 
where subscripts s and r indicate saturated and reai4ual values 
of the soil moisture (9). Tho expression relating dimensionleea 
moisture content to the pressure head., and thua the aoil moiature 
releaae curve ie given by: 

Se • [ 1/1+(ah) '1m m • 1 - 1/n (13) 
where a, anc:l n are obtained by a non-linear least squares 
numerical measured moisture retention data 
using the by Van Oenuchten (1978). 

Laboratory procedure 

The d.ata input to the computer model ot Van Oenuchten (1978) 
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consists ot the saturated moisture content, residual moisture 

content and values ot observed pressure head versus moisture 

content. The residual moisture content is taken to be the 

moisture content at -15 bars. The paired values of observed 

pressure head and moisture content are obtained as described 

under the procedures tor determining moisture retention by the 

hanging column and pressure plate methods. Saturated moisture 

content is determined through gravimetric measurements and sample 

geometry. 
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