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EXTENT OF SATURATION IN MORTANDAD CANYON

A, K. Stoker

W. D. Purtyrnun

S. G. McLin

M. N. Maes

1.0 EXECUTIVE SUMMARY

1.1 Purpose

This study was conducted partly to futfill a special condition in the RCR- HSWA permit issued to the DOE and

LANL in March 1990. A major field data collection effod was conducted in Mortandad Canyon to enlarge the

f,a~ual basis for the per@t-required preliminary evaluation of the extent of saturation and the occurrence of

rad~active, inorganic, and organic contaminants in the perched alluvial water in the bottom of the canyon and

the unsaturated tuff beneath the saturated alluvium- The conclusions of the study are also based on a large

amount of related data collected as part of the ongoing LANL environmental monitoring program and

groundwater protection management program.

The canyon receives NPDES-permitted effIuents from the LANL Radioactive Liquid Waste Treatment Plant at

TA-50 (Fig. 1-1) as well as othefpermitted discharges and runoff. The effluents, waste water, and storm runoff

recharge a shallow aquifer in the alluvium. The residual contaminants in the effluents and discharges have

accumulated on stream+hannel sediments and in the perched water in the alluvium. ,

The ‘permit-required data collection included the drilling of three core holes through the alluvium in the bottom of

the canyon. Two of the holes (MCM-5.1 and MCM-5.9A in Fig. 1-1) penetrated the saturated portion of the

alluvium. One hole (MCM-5.1 ) reached a depth of about 100 feet, the other (MCM-5.9A) reached about 200

feet. They were constructed using a large diameter holbw stem auger as a casing to isolate the perched water

and prevent it from moving down the borehole while collecting cores from the underlying unsaturated tuff. The

third hole, reaching a depth of about 100 feet, was constructed just beyq@ the Laboratory boundary, about 1
.-
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mile downstream and downgradient from the furthest extent of the zone of saturation. All three holes were

completed with small diameter casing to permit measurement of formation water content with a neutron moisture

probe. Cores from all three holes were analyzed for radioactive constituents, cores from the two onsite holes

were analyzed for inorganic constituents, and cores from the onsite hole furthest upstream were analyzed for

organic constituents.

1.2 Extent of Saturation

The saturated aquifer is of limited extent as the recharge (effluents, waste water, and storm runoff) is sufficient

only to maintain a saturated zone in the alluvium extending about 3.5 km (5.8 mi) downstream from the outfall

location (about the edge of the conceptual illustration in Fig. 1-1). This eastern extent of saturation is about 1.6

km (1 mi) within the Laboratory boundary as obsewed in test holes on the Laboratory lands and the core hole

constructed on San Ildefonso in cooperation with the BIA and Puebb. Test holes drilled or cored through the

.alluvium indicated that the underlying tuff, weathered to sifts and clays immediately bebw the alluvium, is not

saturated. The saturated porition of the alluvium is perched on weathered-unweathered tuff and is generally no

more than 10 feet thick. Moisture content generally declines to less than 50 percent of saturation conditions

‘both transverse to canyon axis and at depth. Test holes completed in the weathered tuff bebw the saturated.,
alluvium will not yield free water.

1.3 Extent of Contamination

Most, generally more than 99 percent, of the residuals from the treatment piant effiuents are associated with

sediments in or immediately adjacent to the stream channei. Aii of these contaminated sediments are bcated

within the Laborato~ property, none have moved offsite. A smaii fraction of the residuais, on the order of 1

percent or less, are present m the perched water in the alluvium. As the perched water does not extend to the

site boundary, there has beu?nno offsite transport of contaminants in perched water.

There has been very Mtie movement of contaminants into the unsaturated tuff beneath the saturated portion of

the alluvium. Except for tritium, radioactive constituents have apparently moved less than about 10 feet into the

unsaturated zone, based on anaiysis of cores from the two onsite corehoies. Tritium, as tntiated water, has

moved to depths of at least 195 feet in the tuft. Tritium concentrat”bns in the deepest onsite corehoie decrease

by a faqor of about 100 between 150 and 195 feet and suggest that tritium may not have moved much deeper;

however, additional samples from greater depths will be needed to ccmf”kmthis. No tntium contamination has.: . ....
....,
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ever been detected in water in the main aquifer based on samples from a deep test well (total depth 1065 ft,

water level 968 ft), which is located in Mortandad Canyon.

Water in the perched aquifer contains inorganic constituents listed in the RCRA Regulations Appendix IX are

present, as expected from residuals in effluent. No organic chemical constituents listed in Appendix IX are

present in perched water based on analyses of samples by two different laboratories.

No cores taken in or beneath alluvium to depths of about 100 feet showed any detectable organic chemical

(volatiles, semivolatiles, herbicides, pesticides, or PCBS) contaminants. Analysis of cores by the EP Toxicity

method showed no metal constituents exceeding (or even approaching) criteria levels.

1.4 Hydrologic Conditions
i

Beneath the bottom of the saturated alluvium, moisture content of weathered and unweathered tuff is about 30

to 50 percent of saturation for most of the observed depth (100 to 200 feet) in the two onsite core holes.

However, a 15-foot thick zone, at a depth of about 100 feet near the contact of two dtierent members of the tuff,

‘has,~ higher moisture content, 80 to 90 percent of saturation. The same pattern occurs, but at a bwer moisture..
conlent, in the offsite corehole.

Saturated hydraulic conductivities determined on core samples taken at depths beneath the perched aquifer in
-3

the two onsite coreholes generally range from about5 x 10-5 cm&c to about2 x 10 CWSW, comparable to

those of silty sand. Unsaturated hydraulic conductivities at the in-situ moisture contents range from about 10
-6

tolo-’l crnlsecin most cores, but areas large as 10-3 to 10-2 in the 15-foot th~ zone at about 100 foot depth.

The unsaturated zone pressure-head at the in-situ moisture contents are generally between -102 and -104 cm

of water, but do not clearly imitate a gradient with depth, suggesting limited movement in the unsaturated zone.

.

. .
:’.”’.
. . .. ..

. .
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,- -, EXTENT OF SATURATION IN MORTANDAD CANYON

,..
2.0

,.
2.1

INTRODUCTION

Organization of the Report

.- This report is primarily intended to present the data and major findings of the study conducted in response to the

permit conditions. [n order to provide a context for understanding and suitable documentation of methods this

report contains information that may have limited interest for clifferent readers. This description of the,.

organization and content of the report should provide a guide to readers with different backgrounds and

interests, enabling them to identify those portions of the report useful to their individual perspectives..,

The balance of Sectiin 2 contains general background (2.2) and the permit conditions (2.3). Section 3 provides
....

a limited general background on the canyon including identification of previous relevant studies (3.1), a

description of the monitoring facilities constructed over the years prior to the present study (3.2), and some

.. information on the ongoing routine monitoring program conducted by LANL (3.3). Section 4 summarizes the

‘methods and results of two recent pre-permit special studies that have not been previously published

eisewhere, but that provide information relevant to the issues addressed in the permit special condition.....
‘ ..
‘.,

Se&n 5 documents the methods of the present, permit-required data collectcm program. This includes the

methods for investigating the occurrence of saturation by core drilling (5.1.1) and seismic refraction (5.1 .2), the

methods for determining the extent of contamination by analysis of core samples (5.2.1) and the methods for
,..,

constructing and sampling wells in the perched zone (5.2.2), and the determination of hydrobgic properties of

the core samples (5.3).

, ..

Section 6 presents the basic data of the study in summary tables and figures, as appropriate, for the extent of

saturation (6.1), the extent of .ccmtamination (6.2), and the hydrobgic properties (6.3).

Section 7 presents generalized, largely qualitative, conclusions drawn from the data and directly addressing the

permit conddion issues regarding the extent of saturation (7.1), the extent of mntamination (72), and the

hydrologic propedies (7.3). Related data collected previously or under auspices of the other programs are
,-

included where appropriate to provide context and enhance understanding and to provide a compilat”nn of

information for use in future interpretive studies. Additional data needs are discussed in Section 7.4 and

descriptions of more detailed and quantitative interpretive effotts now underway or planned for the future are

included in Section 7.5.
. ... :””~.,.

....
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EXTENT OF SATURATION IN MORTANDAD CANYON

2.2 General
,..

Background

Radioactive Iquid industrial wastes from operations of the Los Afamos National Laboratory are oollected and

,.. treated at the Radioactive Liquid Waste Treatment Plant at TA-50 (sw conceptual illustration in Fig. 1-1). After

treating the water to remove most of the radionuclides, the eff Iuent is released into MortandadCanyon.This

effluent, effluents from other NPDES permitted discharges (whioh include oooling water and treated sanitary

waste water fmm other operations), and storm runoff combine and create surface water flow in Mortandad

Canyon. The surfaoe water reoharges a perched shallow aquifer in the oanyon alluvium (i.e., the shallow ground
,--

water separated from the underlying main body of deep ground water by a unsaturated zone). The silts and clays

of the underlying weathered tuff retard movement to the deep aquifer. As the water in the shalbw aquifer

moves horizontally downgradient along the canyon, losses occur from evapotranspiration and itilltratin into the

underlying tuff.

,.

Most of the residual radioactive constituents in the effluent (e.g., plutonium, cesium, and americium) are

adsorbed on the sediments in the stream channel. This accounts more than 99 percent of the inventory. The
,.

‘remainder moves with the surface water into the alluvial perched aquifer. Tritium, the radioactive isotope of., .

hydrogen, however, is chemically bonded as a hydrogen atom in the water moleoules and moves with the
,.

surface.water into the alluvium or evaporating in the same proportion as the non-radmaotive water.

,.,

.,

,,

..

.

,-

,-.,

The plant became operational in 1963 and since that time has released bw-level radioactive effIuents into the

canyon. Hydrobgio studies were initiatedin 1960 as a part of the Laboratory environmental program, and

continue to the present. Additional investigations were initiated to determine the water and mntaminant

movement from the shallow aquifer into the unsaturated zone above the main aquifer. Abstraots from special

geohydrologic investigations are included in this report in Appendix 8.2.1.

Previous investigations delineate the geohydrology of the canyon. The initial programs drilled am installed 21

obsewation wells and 31 moisture aooess hole in the canyon. Data from these wells helped outline the geology

and understand the hydrology of the stream-connected shallow aquifer in the alluvium. Two gaging stations

were installed and operated in the canyon to aid in determining a water balanoe.

. . . .
-’: :+.. ‘.

>-
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A deep test well (TW-8) located near the middle of the canyon was completed into the main aquifer 968 ft below

the canyon bottom or 938 ft below the base of the shallow aquifer. analyses of water samples from this deep test

well have never shown any detectable contaminants during the last three decades.

Routine environmental monitoring has been conducted in Mortandad Canyon throughout the discharge history, ...

from the treatment plant. Since 1971, the results of this monitoring has been documented in a series of annual

surveillance reports published by the Laboratory; earlier data was compiled in reports prepared by the U. S.
,.

Geological Survey. These reports are listed in Appendix 8.2.2.

.-.
2.3 Special Permit Condition

On March 8, 1990, the EPA Region VI issued a Hazardous Waste Permit to the DOE and the University of

California, Los Alamos National Laboratory. That permit includes certain requirements stated as:

,- .
“SPECIAL CONDITIONS PURSUANT TO THE 1984 HAZARDOUS AND SOLID WASTE AMENDMENTS

TO RCRA FOR LOS ALAMOS NATIONAL LABORATORY

‘, .. . . .
. ..

“C. SPECIAL PERMIT CONDITIONS
,..,

. . .

“6. Vertical Extent of Saturation

,.,

“The permittee shall conduct a subsurface investigation of saturation by drilling test holes through the

,. shallow alluvial perched aquifer in Mofiandad Canyon. Construction of the test holes will hydraulically

isolate the perched aquifer from the underlying unsaturated tuff. This perched aquifer is recharged in part

from wastewater treatment discharges located upstream. The investigation shall provide an initial
,...

evaluation of the maximum extent of the vertical and horizontal water and contaminant movement into the

unsaturated tuff beneath the saturated alluvium The study shall attempt to recover cores from the tuff to
..

be used to determine laboratory values for unsaturated hydraulii conductivity conductance (sic), specifii

retention and specific yiefd, effective porosity and saturated permeability. The boring shall be analyzed for

,. the applicability of installation of neutron moisture probe access tubes to determine moisture overtime.

Chemical and radiochemical analyses of the cores shall also be made to assist in the determination of fluid

. .. movement from the perched alluvial aquifer into the underlying unsaturated tuff. The chemical analysis

shall include Appendix IX constituents, while radiochemical analysis.shall include 3H, 137 Cs, Total U,. . .. $-..:.

,.,
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EXTENT OF SATURATION IN MORTANDAD CANYON

238Pu, 239Pu, 240Pu (sic), 241 Am, Gross Gamma, and Gross Alpha, as appropriate. A report detailing

the results of this study shall be submitted within one year of the effective date of this permit.-

The study described in this report fulfills that requirement.

3.0 GENERAL HYDROGEOLOGIC SETTING

Los Alarms National Laboratory and the associated residential areas of Los Afarnos and White Rock are boated
...

in Los Alamos County, north-central New Mexico, approximately 100 km (60 mi) north northeast of Albuquerque

and 40 km (25 mi) northwest of Santa Fe (Fg. 3-1 ). The 111-kr# (43-mi2) Laboratory site and adjacent

communities are situated on Pajarito Plateau, which consists of a series of fingerfike mesas separated by deep

east-to-west oriented canyons cut by intermittent streams. The mesa tops range in elevation from approximately

-., 2400 m (7 800 ft) on the flank of the Jemez Mountains to about 1900 m (6 200 ft) at their eastern termination

above the Rii GrandeValley.

A~fbws, ash falls, and pumice of the Bandelier Tuff form the fingerlike mesas of the Pajarito Plateau (Fg. 3-2).

The tuff, ranging from nonwefded to wefcfed, is more than 300 m (1 000 ft) thick in the western part of the
,--.

plateau and thin eastward to about 80 m (260 ft) above the Rio Grande. The tuff was deposited by a series of

eruptions of a volcano in the Jemez Mountains about 1.1 to 1.4 million years ago.

The tuffs ovedap onto the Tschicoma Formation, which consists of older volcanic rocks that form the Jemez

Mountains. The tuff is underlain by the Puye Conglomerate (Fig. 3-2) under the central and eastern edge of the

Plateau along the Rio Grande. Chino Mesa basalts (FQ. 3-2) interfinger with the congbmerate along the Rio

Grande. These formatbns bverfay the sediments of the Santa Fe Group (Fg. 3-2), whch extends across the Rio,..

Grande Valley and is in excess of 1.000 m (3 300 ft) thick.

,--
Los Alamos area surface water occurs primarily as intermittent streams. Springs on the flanks of the Jemez

Mountains supply base flow into upper reaches of some canyons, but the amount is insufficient to maintain

surface water fbws across the Laboratory site. Flow loss occurs by evaporation, transpiration, and infWation.

Runoff from heavy thunderstorms or heavy snowmett reaches the Rio Grande several times a year in some

drainages. Effluents from sanitary sewage and industrial waste treatment plants, and cooling-tower blowdown

,: ~,...
..-.
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,—..
are released into some canyons at rates suffident to maintain surface water flows for varying distances. None of

these flows normally reach the Rio Grande
----

Ground water occurs in three modes in the Los Alarnos area: (1) water in shallow alluvium in canyons, (2)

.. perch@ water (a groundwater body above a less permeable layer that separates it from the underlying main

body of groundwater by an unsaturated zone), and (3) the main aquifer of the Los Afamos area (Fg.3-2).

Intermittent streamflow in canyons of the plateau have deposited alluvium that ranges in thickness from less than

1 m (3 ft) to as much as30m(100 ft). The alluvium is permeable, in contrast to the undeffying volcanic tuff and
,. .

sediments. Intermittent run-off in canyons infiltrates and percolates through the alluvium until its downward

movement is impeded by the less permeable tuff and volcanic sediment. This resufts in a shaliow alluvial

groundwater twdy that moves down laterally down-gradient within the alluvium. As water in the alluvium moves

down gradient, it is depleted by evapotranspiration and movement into underlying volcanics (Purtymun 1977).

This is the type of shallow alluvial water that occurs in Mofiandad Canyon.

Perched water occurs in the conglomerates and basalts beneath the alluvium in two limited areas: 1) about 37 m,.—.

‘(1~~ ft) deep in the midreach of Pueblo Canyon; and 2)about 45 to 60 m (150 to 200 ft) beneath the surface in.,
lower Pueblo and Los Alamos canyons near their confluence. The second area is located mainly in the basaits

,..-
(Fig. 3-2) and has one discharge point at Basatt Spring in Los Alamos Canyon. This typeof perched water does

not occur in the vicinity of Moflandad Canyon
,—

The main aquifer of the Los Alamos area is the only aquifer in the area capable of ‘setving as a municiial water

,... supply. The swface of the aquifer rises westward from the Rio Grande within the Santa Fe Group into the lower

part of the Puye Formation ber%ath the central and western part of the plateau. Depth to the aquifer decreases

from 360 m (1 200 ft) along the western margin of the plateau to about 180 m (600 ft) at the eastern margin. The,-.

main aquifer is isolated from alluvial and perched waters by about 110 to 190 m (350 to 620 ft) of unsaturated tuff

and volcanic sediments. Thus, there is little hydrologic connection or potential for recharge to the main aquifer
.—.

from alluvial or perched water.

....
Water in the main aquifer is under water table conditions in the western and central part of the plateau and under

artesian conditions in the eastern part and along the Rio Grande (Purtymun 1974b). Major recharge to the main

,--- aquifer is from the west, probably from the interrnountane basin of the Vanes Caldera in the Jemez Mountains

west of Los Alamos. The water table in the caldera is near the land su~~. The underlying lake sediment and
....

-..
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. .
volcanics are highly permeable and presumably contribute to the recharge of the aquifer through the Tschicoma

Formation interfbw breccias (rock consisting of sharp fragments embedded in a fine-grained matrix) and the
,. Tesuque Formation. The Rio Grande receives groundwater discharge from the main aquifer through springs.

The 18.5-km (11.5-mi) reach of the river in White Rock Canyon between Otowi Bridge and the mouth of Rito de

Frijoles receives an estimated 5.3 to 6.8 + 106 m3 (4 300to5500 acre-ft) annually from the aquifer.

Mortandad Canyonisan east to southeast-trending canyon that heads on the western part of the plateau and is

tributary to the Rio Grande to the east. The canyon is cut into the Bandelier Tuff. The canyon fbor is narrow near

the plant outfall and widens eastward. The canyon walls are steep, and in places are near verlcal. The canyon
, .

contains a shalbw aquifer recharged by industrial effluent and runoff. The spatial extewnt of this aquifer is within

the Laboratory boundaries, extending from near the plant outfall on the west to near observation well MCO-8,
.

Fig. 3-3 (see also Fg. 1-1, which is a conceptual illustration, and Appendix 8.1, which contains a detailed map of

Mortandad Canyon). Transverse to the canyon axis, the aquifer does not extent to the canyon walls

,—.

The alluvium thickens eastward from less than 5 ft in the upper reach of the canyon to as much as 75 ft east of

MCO-8. The shalbw aquifer in the alluvium occupies less than 10“/Oof the volume of alluvium. The greatest,..

po@ntial for the surface transport of contaminants from the area is with storm runoff in solution, suspended.,
sediments, and bed sediments. Due to the small drainage area and the large volume of unsaturated alluvium

,-.
there has been no continuous surface runoff through the canyon extending off the Laborato~ since the

hydrobgic investigations began in 1960. The largest runoff events have extended no further than a hundred or

so meters past the sediment traps (see Appendices 8.1 and 8.2.3).

!- A brief description of members and Iithology of the Bandelier Tuff in the bottom of the canyon is presented in

descending order:

Bandelier Tuff “..

Tshirege Member

Unit 1A Tuff, nonwelded to moderately welded, light gray, consisting of
.-

quartz and sanidine crystal and crystal fragments, rock fragments of

pumice, Iatite, and *yolite in a matrix of gray ash. Weathered gray, buff,

light to da~ brown in color, pumice and ash matrix weathered to clay.

—

... ---. . .: <.....

.- .
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Tsankawi Member

Thin lenses of silt, sand, and gravels consisting of pumice, quartz and
. .

sanidine crystals and rock fragments of Iatite and rhyolite ranging in cobr

from gray to dark brown, ash and some pumice weathered to clay.

Member represents erosion and deposition at the top of a massiveash

flow.

Otowi Member

Tuff, nonwelded to moderately welded, gray to dark brown when

,... weathered, cxmsisting of quartz and sanidine crystal and crystal

fragments, numerous pumice fragments up to 2-inches in length, rock

fragments of Iatite and rhyolite in a ash matrix. Ash matrix and some of the
,...

pumice weather to silts and clays.

. The alluvium in the canyon is derived from weathering of the tuff, and thus consists of clay, silt, sands, and

gravels of quartz and sanidine crystals and crystal fragments, small (generally less than 1-inch dia.) rock

r. fragments of tuff, pumice, Iatite, and rhyolite.
‘ ..
‘.’

The canyon has been conceptually divided into three sections: Upper Canyon, Middle Canyon, and Lower,.

Canyon, Fig. 3-3. The hydrologic characteristics of each are slightly different:

The upper canyon is narrow, and filled with underbrush, shrubs, pine, fir, box elder, and oak trees.

The alluvium thickens eastward from less than 1 ft at plant outfall to about 18 ft thbk at MCO-4. The

stream flow in this section is perennial from waste water and petii releases of industrial effluents. The

stream channel is entrenched. Major recharge to the shallow aquifer occurs in the upper canyon. Large

,-. losses by evapotr~nspiration occur in this section of the canyon due to the large amount of vegetation

and to the surface of the aquifer being near the ground surface.

,-.

The middlecanyonwidens and alluvium thickens from 18 ft at MCO-4 to 36 ft at MCO-6. The stream

channel is well defined, but surface flow is intermittent. The underbrush thins and the canyon fbor is
.,,

covered with pines.

..-
. .
. . :“””’.. .. ..

. .
, ..
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...

The lower canyon becomesprogressively wider and the alluvium continues to thicken to about 60 ft

near MCO-8. The stream channel is discontinuous, braiding out on the canyon floor. The number of
,-..

pines decrease eastward from the middle canyon with a transition to scattered pinon-juniper community.

To prevent the transport of contaminants by storm runoff out of the lower canyon, three sediment traps
,.. have been constructed between MCO-7 and MCO-7,5. These traps have a capacity of about 1.2 million

gallons (see large-scale main Appendix 8.1).

3.1 Previous Studies

A variety of studies have been conducted in Mortandad Canyon beginning with those of the USGS in 1960.

Abstracts of studies selected to represent the information of greatest importance to addressing the Special
,-

Permit Condition issues are reproduced in Appendix 8.2.1. The following major conclusions represent the

highlights of the previous investigations:
,. ..

1.

‘.. ,

2.

.-

3.

4.

5.

- ..

..

,—.

Recharge by industrial effluents and waste water to the shallow aquifer occur in the upper

canyon. Storm runoff recharges the upper canyon and dependent of volume may extend in

to the lower canyon. Long periods of snow-mett runoff or wastewater discharge will over ride

the saturated section in the upper canyon and infiltrate along the saturated front. When

discharge ends the stream flow will retreat up the canyon and the front will break off and move

as a ground water mound down the canyon.

The volume of recharge since 1960 has not been suffiient to significantly change the

volume of the shallow aquifer, and it does not extend beyond the lower canyon or to the

Laboratory boundai.

The alluvium in the canyon becomes thicker and widens down gradient from the plant outfall.

The saturated thickness of the aquifer varies dependent on the amount of recharge.

The alluvium in the canyon consists of two distinguishable units that affect the hydrologic

characteristics of the aquifer. Water in the aquifer west of MCO-5 is in a sand unii and is

.transitiinal into a silty clay unit near MCO-6. East of MCO-6 the aquifer is in a silty clay unit.

Tracer tests indicate that the velocity of the water in the ~q&@r in the sand unit is 50 fUday,
...
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.-,

,..
6.

,. 7.

.,

8.

..-
‘ .,

1. 9.

1o.’, .

11.

---

,..-

the transition from sand to silty clay unit is 20 ft/day, and in the silty clay unit 6 to 7 ft/day.

Based on velocity, the transit time from the plant outfall to eastern end of the aquifer is about

one year.

Quality of water data indcate that there is a compfete turn over of water in the aquifer in a year.

Test holes and nmisture probe access holes indicate that the saturated section of the

alluvium does not extend beneath the mesas to the north and south. The saturated section

of alluvium exist as a narrow ribbon down the canyon. In cross- section shaped as a saucer,

thid( near the middle and thinning outward to the edges of the canyon.

The largest volume of water in storage in the aquifer in the period 1967 to 1978 was 30000

m3 in 1967 and the smallest volume of water was 15000 m3 in 1977. SuIface water recharge

in 1967 was 139000 m3 while loss from storage were 129000 #. Surface water recharge in

1977 was 54000 # with losses from storage during the year of 56000 r#.

The distribution of storage during 1967-78 was 18%4.upper canyon, 23’%0middle canyon, and

59?40lower canyon.

Water balance 1965-67 indicated that the largest loss from storage occurred in the upper

canyon probably due to the near surface of the shallow aquifer that the large amount of

vegetation in the canyon (high evapotranspiration).

Logging of moisture probe access hole in the canyon indicate that the soil moisture and

capillary zone &ve the aquifer merge west of MCO-6 while to the east as the shallow aquifer

becomes deeper there is a distinct soil rroisture zone and capillary zone. Soil moisture

extends down to about 10 ft while the capillary rise is up to about 8 ft.

There is little or no recharge to the aquifer from precipitation on the canyon bottom in the

lower canyon. Recharge occurs from storm runoff in the stream channel and by movement of

water downgradient in the shallow aquifer.
r- . .

. .

.. :””,?.....

.-..
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12.

13.

‘...

14,

Injection of water in to the tuff through and experimental injection wells on a mesa adjacent to

Mortandad Canyon indicate that the major movement of water is downward beneath the

injection well while minor movement occurred outward from the well, Fug.3.1-1. The

movement of water in the high moisture content beneath the injection zone was by gravity.

After injection stopped the moisture content decreased until there was little or no movement

when the moisture content reached the specific retention values of the tuff. Downward and

outward movement of moisture from beneath the injection zone continued by capillaty

movement. Outward movement of water from the injection zone occurred due to distribution

by capillary size pores in the tuff. In addnion there was some increase in moisture in the tuff

above the injection zone due to capillafy size pores.

As industrial effluents are released into the canyon and move down gradient, radonucliies

(except tritium) and some inorganic chemical are adsorbed or @und to the bed sediments,

reducing the amount of radionuclides or chemicals in the water or effluents. A hgh build up

of radiochemicals or chemicals do not occur in the alluvium at the effluent outfall sinceperiodii

storm runoff transports and disperses sediments and contaminants down the channel in the-.
canyon. Adsorption of contaminants reduces the concentrations in the perched aquifer.

Monitoring the quality of water in the alluvium through the obsewation wells indicates a

general decrease of radiochemical and chemical concentrations downgradient through

adsorption and dilution of the effluent with waste water and storm runoff.

15. A test hole was drilled into the top of the main aquifer to determine the geology and hydrology

of the rocks underling the canyon. The well was drilled near the center of the canyon

(Fig. 3.1 -2a and “-2b). The test hole penetrated about 40 ft of alluvium (cased out of

completed well), @out 450 ft of ash flows and ash falls of the Bandelier Tuff, about 90 ft of

volcanic sediment of the Puye Conglomerate, 145 ft of basalts and interflow breccias, and

340 ft of additkmal volcanic sediments of the Puye Conglomerate. The total depth of the test

hole was 1,065 ft with the top of the main aquifer at about 968 ft. The test hoie encountered

no water between the water in the alluvium and top of the main aquifer.

. .
-. ; “e“.:,...

.-..
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--l(c)
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Fig. 3. 1-L Nephol as constructed from moisttm$measurer!wntsin obsemation holes,
with contoured lines indicating moisture (in percent by volume). %fiiments were taken
(a) 7, (b) 29, (c) 55, (d) 89, and (e) 327 days after the testbegart(June 17, 1965).,.
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Omtl? bdow
LOG OF SAMPLES OF ROCKS PEN ETRATW

land surface
(feet)

o

,..

NO samgles. Samples from TW-8A are f,ne - ta very coarse-
qralned sand composed of qsartz ond sari, d!ne crystal fragments

Alluvium
Sand, very caarse-qra, ned, composed of qoortz ana sania, ne crystai

___________ fragments, Lawer S feet c~nya!n S ran ~Ioy

No samples 40-45 feet
— YQY=Y-YX3Y Tuff, Itght ptnhlsh gray, pumlceaus, contolns fragments of red and

#&hOA~Aq groy rhyolite

I Y-Y YC2Y Y I

50

.,

Tuff, light-gray; cons(sts of f!ne-gra, ned glassy material
Contalnlng quartz and san!dsne crystals100

&ha AU Ao, Tuff OfeCClO, ?on and p!nk!sh-tcln; COn$lsts of dork-~;~
fr09mentS of glassy rock, and quortz and san(dlne crystal frogments

– o ru”.r 9 m a fine- gra’lned glassy marrtx Na sample 110-115 feet

- YOY csY4m Tuft, pink, h,ghly pum,ceous Fragmenrs af dark-gray and brown
~AGAOAZ*h

YQYC3Y. !YCR
dense rhyollte are common, espec, al!y between 155-160 feet

<“
.

-1 r {-A Tuff and tuff breccio, l!gh? prnk!sn tan Matrix IS f,ne-qralned

Y;-J~Y#’Y; glossy moterlal and t!ny crystal fragments. Abaut 40 percent

A4AOA A af the tuff canststs of fine- to caarse-gratned auarrz and
200

;

YYff Y feldsDar crystal fragments, and glassy gray ffIyOlrte fragment$
1,,(< \<. A. L

as large as 3/e ,nch Eetween 190- 200 feet the samples cons(st
y>y

~cA:;~:: of 50-60 gercent ttght-brown rhyai(re fragments‘ ..
.$

!0J
~~~o~~*~

Tuff, I!gnt-gray, pumlceaus, camposed of crystal fragments and
-y YaY. Y

0 bro~n rhyoltte fragments IIT an tIstIy matrix
,O&@~- A .— .. —-— .—.. —— . . ..— —— . - -————

e-u Pumice, I!qht-gray; lumps ~onge from (I4 Inch to 3/4 [rich300

3$iiF==”‘:=-
Tuff, i!ght-qray, pumiceous, cans!sts of quartz and santirie

crystal frOqm*ntS, and red ond gray rhyol!te frogments {n

Pumice, Ilqht-qray; lumps raflqe from 1/4 to I Inch

Tuff, I,ght-qroy, pumtceaus, ana luff brecclo. More fhan 50

percent of the umt c“ansisrs af gray and ,red glassy rhyalire

frogments Matr)x IS sonta,!!e UOI.I quurtz crystal ‘raqments

ond glassy, fine-gra!ned asn

.,
400

,-.

-———
l—

-.

Fig. 3.1-2a Lithologlc Log Test. .Well 8-,:: * ,,....
..
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—-.==
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-1,, ;6;;

Sanrj. aray. free- to coarse -gra!ned, ond mterm, xed CIOy, SIlf,,-.
Ond gravel, The sand IS composed of gray and 9reenlsn-9roy

~ock fragments, some quartz and QuOrt Zlte, and same 9rOln S

of glOSSy vOICCSO!C rack The gravel IS composed Of grOY

ond qreentsn-gfay suorau~ded fra9me”ts ‘f la+ ’re(7) i

pink dense rhyal!te; black basolt , and gray “cragorpnyr’t’c

ande Site(~)

—
“Tuff and fuf~aceaus sand, hqht ran !0 l,qht. qrOY, COn SIStS Of silt

/ ,0 coor~e-gra~ned sOnd wtth rounded oeboles Of oumtce. lo+lte~’~.

and glassy tuff The SIIr and sand are comosed Mainly at

subanqulaf to sunraunded quarrz, IoT\te und Dum8Ce fro9menf S,

and qlass Flakes of biat!re ond green pyroxene crystol fro9ments

are present The pumice IS ton, dense, acticular, ond unl(ke fne

pure, ce occur!ng (n averlymg rocks The lower 20 feet Of send IS

1- -mmn<MTO, OIV of nl,arf? ‘r ,., cI +.9Qn.ent3 with qronules and small

. .

. . :“””..- .. .
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.,

The test hole was cased and completedin December 1960 as a test well TW-8 and later was

equipped with a pump. Samples bailed from the well prior to installation of the pump and

samples collected fmm pumping have detected no change in chemical qualify of the water in

the main aquifer. The quality of water in the main aquifer shows no recharge from the shallow
... aquifer in the alluvium.

3.2 Monitoring Facilities

The geology and hydrology of the canyon has been partly defined through the construction of 23 obsewation,-
wells, 14 test holes, and 33 moisture probe access holes. These studies began in 1960 when the USGS

initiated their studies and continued through 1990 when the holes for this study were completed.

3.2.1 Observation Weiis

Data on the 23 observation Wells installed between 1960 and 1974 including date completed, depth, water

levels and elevation are summarized in Table 3.2.1-1 and AppeMix 8.3. Two of the weils have been abandoned,

tw~,’twe po longer usable, and two could not be located in early 1991. Some of these wells contained water, the

others were dry but were completed as observation wells to prov’de a means for observing any change in the,. .
extent of the perched aquifer and for collecting samples should saturated conditions occur. Seven of the wells

(MCO-3, MCO-4, MCO-5, MCO-6, MCO-7, MCO-7,5, and MCO-6) are used for the ongoing routine

environmental monitoring program. Five addit”mnalmonitoring weiis were instaiied in 1990 to fuifiii another

speciai permit condition; these are described in Sec. 5.2.2 of this report.

The eariier hoies were driiiedw~h the 4 l/2-inch diameter hoiiow-stem augers, and cased with 2-inch or 3-inch

,, diameter piastic pipe. Later weiis were constructed using a 7 l/4-inch auger and setwith 4-inch piastic pipe,

perforated through the screened section. At the surface, the casings were grouted in with cement and a pad

constructed. Geologic iogs and construction data are shown in Figures contained in Appendix 8.4.,-.

3.2.2 Test Hoies

To monitor the speciai conditions of the occurrence and movement of water in the aliuvium and the underlying
,.. tuff, 14 speciai test hoies were driiied. Samples of cuttings or cores of the perched aquifer sediments and tuff

underlying the aquifer. A number of different construction methods: f~”timpietion were used, inciuding
...
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,.

completion as monitoring wells or moisture probe access tubes, or plugging and abandonment. Basic data for

each hole is presented in Table 3.2.2-1 and Appendix 8,3; and the geologic and completion logs are shown on
,.

figures in Appendix 8.4. The casings were grouted in at the surface with cement and pads ccmstfucted.

3.2.3 Moisture Probe Access Holes

,. During the irritiai USGS studies to characterize the hydroiogy of Mortandad Canyon 30 hoies were driiied and

compieted with biank casing to serve as access holes for neutron moisture probes. Although they have not

been used for measurements since about 1965, many are stiii useabie and some moisture measurements have.

been made in 1990 and 1991. Basic data for each hoie is presented in Tabie 3.2.34 and Appendix 8.3; and the

geoiogic and completion logs are in Appendix 8.4.

Most of the moisture probe access tubes are compieted in the aiiuvium or extend oniy a few feet into the tuff
. .

“ beneath the aiiuvium. Five of the eariy hoies were compieted a greater distance into the tuff. Two were driiied

into the tuff on an angle beneath the stream channei (MCM-2.2 and MCM-2.8). Three other moisture probe

. access holes were compieted into the unsaturated zone beneath the aquifer (MCM-4.5, MCM-6.5, and MCM-

7.5)’~ in these three hoies, water in the aiiuvium was seaied out of the lower part of the hoie by setting a casing

into the unsaturated tuff and then deepening the hoie by driiiing through the casing and setting a piastic accessr-

pipe for the neutron moisture probe.

,,

. .

,...

,-.

3.3 Routine Monitoring Program

Routine environmental monitoring has been conducted at Los Aiamos since the mid-1940s. The USGS.

conducted monitoring for the Atomic Energy Commission through the iate 1960s. Monitoring carried out by the

laboratory is documented in a continuous series of reports stading in 1970. A listing of aii the USGS and Los

Aiamos surveillance reports is inciuded in Appendix 8.2.2. This PrW.m.m~rrtinues at Present in ~nfo~ance

with DOE Order 5400.1 (“Generai Environmental Protection Program,” November 1988). The routine

monitoring program inciudes reguiar collection and anaiysis of water and sedmertt sampies from Mortandad

Canyon. Appendix 8.2.4 inciudes tabies excerpted from Appendix G of the 1989 environmental surveillance

report that contain data on sampies ccdiected in Mortandad Canyon.

A number of speciai monitoring studies have been conducted in Mortandad Canyon over the years under the

auspices of the routine monitoring program, often in response to sp&iii-aatumi events such as major runoff
....,
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TABLE 3.2.1-I

Hydroioglc Data for Obouvatlon W.lis (MOrtandad Canyon)

Elevation Top d Caaikrg
Depth Dapth
Dri#ad CompIotod ~9$+r COmAJtkxr

Land-surlaw (w) to
CXMarvatiorr Date D@m&SD) Land-surllwa

Comp&tad (W (0 00 - 00 Dt4um

1%:
Uc03

MCO-4.9
Mc05

MCO-6.5A
hUXM.5B
-7
MCO-7.5A
MCO-7.5B
Mm-a

MCU-6.2
,“MtXM

‘: hMxt-9.5
MO-11
Mxl-12
X012
MCO-13
TBCO-1

11160
11160
1t160
10/63

7173
10160
10160
3/74

11/61
11/61
10I6O
11161

7/74
10/60
11/61
11/61
11/60
11/61
11161
11/61
6171
7170

11/61

6
10
18
24

z
62
47
47
42
77

::
92
52
72
57
57
23
64

112
112

37

a
9

12

:!
46
71
47
45
42
69
60
60
84
so
70
55
46
20

1%
107
35

;.5
10.1
16.3
23.4
44.9

41.5
33.3
36.0
64.7

56.0
22.7
48.5
00.3
54.6
40,3

96.2
106.2

23.1

2.8 -
0,3 4/91
4.4 4191
3.3 4/01

4161
24.6 2/91
36.1
26.9 -2/91
41.0 2/61
36.3 2/21
39.7 2/21
41.2
42.1 219i
61.6
m 2191
59.2 2/21

2/3t
.~ ml

% ~;2/91
m
w 2@l

7153 Unabb kr locate in 1691
5.06 7133 2.00
3.36 70S2.72 1.54
7.19 6900.36 1.02 ‘

22.10 6679.31 1.25
20.75 6675.60 1.95

6649 Pluggedand abandoned (relocated).
33.75 6848.96 ;.34

6840 2.1s
~47 6839 0.70

6827.40 1.24
6809 Well damaged (relocated).

;.il 6808.80 1.26
6766.4S 0.25 Obatn)diorr in Weu.

G 6800 0.61
6782 2.00

% 6747.77 *.44
w 674o 2.00

Unabbtobcata in 1961.
670; ~ Pul~, hob plugged(rebcahrt).

G 6702 0.62
w 6674 0.67

8.93 66S7 0.97
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TABLE 3.2.2-1

Hydrotoglc Data for lost Hotas (Mortandad Canyon)

Elevation TopofCasing
Depth Depth At l.and-surtaca (w) b

Obaarvatbrr DatEI Drilled Compbtad Depth Completion Dsmm#SD) Land-Swhca
Walla Completed (n) (IQ 1991 (It) Dare (tt) DAum

MCM-2.2 11/61 90 87 87 m 4191 m 7109 2.20 Angle hob baneath channel. (45°)

MM-2.8 11/61 68 56 58 M 4/81 m 7006 5.00 Angb hob beneath channel. (3(P)

MCM4.5 11/61 48 48 35 - 6891 1.70 Doublecasedmoisturehob
M(M-6.5 11161 95 95 - 8840 0.20 Doubtocasedmoisturehob
MCM-7.5 11/81 94 :: 6809 1.00
MT-1 11/68 69 69 % 43.0 -2191 42.92

M caaed moisture hob
6811.79 1.79

)47-2 11188 84 64 64 62.0 2/91 m 6798.88 1.60
MT-3 11/86 74 73 45.0 2ml 54.72 6786.8S 1.30

11168 x
%5.1

74 58.0 2191 59.84 6785.22 1.34
0/60 112 112 1;: -

;M!2M-5.9
6870 0.22

7190 94 - 6852 P@ed and abandoned.
‘MCM-5.9A 7180 194 194 194 : 665$.29 ~.94
kK&6.2 4}89 164 - 67tt0 Ptuggad and abandoned.

9/80 104 104 s:= 6658 On aacrad land (San Udelonso Pueblo).

$
m
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TABLE 3.2.3-1

ConstructIon Data for Moisture Access Hoies (Mortandad Canyon)

Plastic Lengthof
Elevation Casing ygg Alluvium Bandelier

Moisture Construction LSD DHmeter Tuft
AooesaHoia Date (It) (i.) (n) (H) (n) Remark

MCM-lA 11/60 7156 2 12
MCM-lB

o 12
11/60 7155 2 11 o 11

MCM-2A 11/60” 7139 2 11 0 11
MCM-2B 11/60 7134 2 1
MCM-3A

o 1
11/60 7049 2 13

MCM-3B
11 3

11160 7048 2 10 10 0
MCM-4A 11/60 6901 2 ‘9 9 0
MCM-4B 11/60 6900 2 24 18 6
MCM-4.8 11/61 6687 2 33
MCM-5A

30 3
10/60 6881 2 25 23 3

MCM-5B 10/80 6879 2 30 5
MCM-5C 10/60 6878 2 37 % 7
MCM-6A 10/60 6852 2 10 8
MCM-6B 10/60 8851 2 :: 37 15
MCM-6C 10/60 6851 2 57 47 10
MCM-6D 10/60 6850 2 35 35
MCM-8E 10/80 8851 2“ 21 12 :
MCM-6.5A 6169 6839 2 23 23 - Alcasing
MCM-8A 10/60 6807 2 20 3 17
MCM-8B 10/60 6797 2 30 30 0
MCM-8C 10/60 6797 2 57
McMa 10/60 6796 2 :! 59 2;
MCM-8E 10/60 6797 2 53 32 21
MCM-8F 10/60 8799 2 23 4 19
MCM-10 10/60 6731 2 67 5
MCM-12A 6/71 6718 2 98 % 5
MCM-12B 6/71 6705 2 79 79 0
ECU-1 11/61 6859 2 22 22 0

8
m
z
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Distribution of Moisture, Tritium, and PhJ-
tonium in the Alluvium, Aquifer, and
Underlying Tuff in Mortandad Canyon [W.
O. Purtymun, M. N. Maes (HSE-8) and R.
Petera (HSE-9)]

1. Inbv&ction. Mortandad Canyon received indus-
trial eflluents containing trace amounts of radionuclides
from the treatment plant at TA-50 (Fig. 13). The effluents
and surface runoff recharge a shallow aquifer in the

canyon. The shallow aquifer in the alluvium is perched
(separated by about 290 m of unsaturated volcanics and
sediments from the main aquifer) on the underlying tuff
(Purtymun 1983A). The aquifer is of limited exten~ as

69
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v/ater in the aquifer is ciepleteclby evapotranspiration and

ntiltration into the underlying tuff. This investigation was
made to determine the distribution of infiltration
(moisture) and radionuclides in the alluvium and underly-
ing tuff in a section of Mortandad Canyon.

Concentrations of radionuclides in water of the
shallow aquifer decrease downgradient in the canyon
from the eflluent outfall. This reduction is caused by
adsorption or ion exchange of the radionuclides with silt
or clay minerais in the alluvium or dilution of the etlluent
by storm runoff. The distribution of the radionuclides in
the aquifer is monitored by seven observation wells
(Purtymun 1977).

At observation Well MCO-6, three core holes were
drilled at right angles to the stream channel. Two other
holes were cored to obtain background information.
Cores taken from five holes were analyzed to determine
moisture content and concentrations of tritium and pluto-
nium (Table E-XLI).

The alluvium in the canyon is derived from the
weathering of the Bandelier Tuff. At Well MCO-6, the

alluvium is thickest beneath the stream channel and thins
away from channel (Fig. 30). The alluvium is a silty sand

}hat includes a thin layer of silty clay of weathered tuff at
tie base. The tuff is a light pinkish gray moderately
welded tuff composed of quartz and sanidine crystals and
crystal fragments, small rock fragments of rhyolite, latite,
and pumice in an ash matrix. The tuff beneath the aquifer
is weathered; the ash matrix contains some light brown
silts and clays. The amount of silt and clays (degree of
weathering) decrease at depth and with distance from the

aquifer.

o
C* HoLe CayOLE coaE,noLE I

$[’”PW
.“

1- —% w VOLUME~ i

Fig. 30.

DISTANCE(~)

Distribution of moisture in alluvium

and tuff in Mortandad Canyon.

2. Moisture Drktribut&M.The distribution of moisturt
in the alluvium and tuff is shown in Fig. 30. In core hoie~
1 and 2 the moisture content approaches 30% by volume
from 1 to 3 m above the top of the aquifer. This anomalY
above the aquifer is in a silty’ clay unit within the
alluvium. The water table fluctuates twice a year because
of seasonal runoff from snowmelt and summer precipita-
tion. At the time the holes were cored, the water table was

declining.
The moisture content of the aquifer material range;

from 20 to 25% by volume. There is some infiltration of
water into the tuff beneath the aquifer. At core hole 1 the
moisture content ranges from about 10 to 270/oto a depth
of 8 m below the base of the aquifer. At core ttoie 2 the
moisture content is lower, ranging from 10 to 18% to a
depth of 8 m below the aquifer. Core hole 3 indicates
some horizontal component of movement of moisture
from the aquifer only in the low moisture range, greater
than 5% by volume below a depth of 13 m (Fig. 30).
Natural moisture content of the tuff is about S% by
volume (Table E-XLI).

3. Tritiurn DiWribution. Water distilled from the cores
was anaIyzed for tritium (’H). Tritium, a part”of the water
molecule, moves with the water and is not affected by
adsorption or ion exchange with clay minerak. The
average 3H concentration in water in the aquifer (1978
when core was taken) at Well MCO-6 was 303 x 1O-s
yCi/m~, having declined from a high of 1760 x 10-s
yCi/m# in 1976. The core from hoIe 1 contained a high
of 400 x 10-6 KCi/rrd about 1 m below the aquifer, and
was about 550 x 10A yCi/m~. at the same depth beiow
the aquifer in core hole 2 (Fig. 31). The 3H concentrations
generally decline with depth below aquifer. The high
concentrations in the tuff below the aquifer probably
reflect the movement of tritium beneath the aquifer in the
tuff, possibly from the high concentration that occurred
in 1976. At core hole 2 a high concentration of ‘H (290 x
10-6 uCi/t@ occurred in the siit and clay base alluvium
at a depth of about 10 m. This is above the aquifer. The
3H in core hole 3 increases slightly with depth and is
above background (Table E-XLI). The concentrations
are low, less than 50 x 10+ yCi/m~, but the ‘H
concentrations reflect the same pattern of the movement
of moisture from the aquifer (Figs. 30 and 31).

4. P~ DiwihtioIL Samples of water taken
from obse~ation wells were faltered through a 45-pm
pore membrane filter to remove fine sediments. The
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Table XXII

Average P!utonium Concentrations
in Soil Cores from Mortandad Canyon

;*2S

238PU “’’”vu
Location (pci/g) (pci/g)

DISTANCE(mews) Core Hole 1 0.001 * O.cm 0.004* 0.009

Core Hole 2 0.000 * 0.003 0.011 * 0.025

Fia. 31. Distribution of tritium in alluvium Core Hole 3 -0.001 * 0.003 0.006 + 0.015.=. -

and

filtrate and the

..

. .

,...

,.

..

r- ,.

.- -

,.. .

.

tuff in Mortandad Canyon. Core Hole 4 (control) -0.001 * 0.002 0.000 k 0.006

Core Hoie 5 (control) -0,001 * 0.002 -0.0Q2 * 0.003

filter were analyzed for 238Pu and
23g+240Pu.The data indicated little, if any, plutonium was

retained on the filter and most, if not ail, of the plutonium
was in solution. This is in direct contrast with what

occurs in the channel when the eflluent is released from
the treatment plant. The plutonium in the etlluent is

‘ ‘. readily adsorbed or attached to silt and clays in the. .

“ alluvium in the channel (Section VI.F). Concentrations in
solution and on sediments decrease downgradient in the
canyon.

Cores taken through the alluvium, aquifer, and into the
underlying tuff were analyzed for plutonium to determine
if there was any transport or buildup of plutonium in silts
and clays beneath the channel in the alluvium, aquifer, or
tuff. When the cores were taken in 1978, the alluvium in
the channel contained about 2.7 pCi/g of 2’8Pu and 4.0
pci/g of 2392’OpU. Water iri the aquifer contained an

average of 2.2 x 10-s VCi/m# of 238Puand 0.28, x 10-s
yC~/mj of 239,240puat Well MCO-6. Res&s of the

analyses of cores indicate no significant concentrations of
238Pu in silts and clay of the alluvium, aquifer, or
underlying tuff (Table XXII). A comparison of the
~39’2’OPuconcentrations in cores with the control core
concentrations indicate some high concentrations from
core holes i and 2 and perhaps from core hole 3.
However, the ~391240Puconcentrations are low, being
much lower than those found in solution in the aquifer or
attached to sediments in the stream channel.

5. Summary. In summary, a study of the distribution
>f moisture, tritium, and plutonium in the Mortandad

Canyon aquifer indicates some infiltration of water into
the underlying tuff. This infdtration was accompanied by
similar movement of tritium. The concentrations of piuto-
nium on the sediments in the aquifer were low when
compared to the high concentrations in solution in the
aquifer or on sediments in the stream channel. It appears
that most of the plutonium in the aquifer is in solution, in
an ionic complex that does not readily exchange or is
adsorbed by clay minerals in the alluvium.

. . . . ... . : ~.....
....,
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.
events, or to address specific questions such as the movement of contaminants beneath the aquifer. One

study regarding the transpoti of contaminants associated with sediments under storm runoff conditions is

reproduced in Appendix 8.2. The rest of this section is a reproduction of a special study conducted in 1983 that

collected core samples from three hoies to depths of 21.6 m near observation well MCO-6.

4.0 RECENT STUDIES ON OCCURRENCE OF ALLUVIAL WATER
,- -

The studies described in this section were carried out prior to issuance of the permit. They produced
ri

information relevant to addressing the issues of the special permit condition. The results are presented here as

they have not been previously published elsewhere. The relevant results are discussed in contest in Sections 6

and 7.

4.1 MT-Holes

Four test holes were cored into the aquifer in the Lower Canyon in 1988 to determine the Iithobgy and shape.
‘and’extent of the aquifer. Samples were collected and analyzed to determine the concentrations of selected

rad&uclides in the aquifer and aquifer materials. Basic data on the holes is presented in Appendix 8.3 Table
.

:TBLMCT”, and geologic logs are included in Appendx 8.4. The cores indicated that there was a distinct

transition between the silt and clay interspersed with sand lenses that make up the aquifer, and the silt and clay

,.. below the aquifer that serves to perche the water. The section (Fg. 4.1-1) along the canyon axis shows the

thinning of the saturated section of the aquifer and a thickening of the unsaturated alluvium. The thickest

,-. section of saturated alluvium occurs beneath the sediment traps between MCO-7 and MT-1. A transverse cross

section of the aquifer (Fig. 4.1-2) was constructed using data fmm test holes MT-2 and MT-3 and with data from

observation well and moistuie probe access holes constructed in 1961. The aquifer thins from the axis parallel.. .
to the canyon to the edges of the canyon., Water and suspended solids were collected from MT-I, MT-2, MT-3,

and MT-4. The water was bailed and contained a large amount of suspended solids. The soliis were separated

from the solution by filtering through a 0.45 micron filter and analyzed separately for piutonium. Results of the

analyses are presented in Table 4.1-1. It appears in this section of the aquifer there are onfy small amounts of

radioactivity in the water, the aquifer material (suspended solids), or cores taken from the aquifer and below the

aquifer.

.
. .
.. :””
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MCC-8.2

Test Hole MCC-8.2 was cored through the alluvium, Tshirege Member Unit 1A, Tsankawi Member, and into the

top of the Otowi Member in April 1989. The top of the shallow aquifer was encountered at a depth of about 59 to

67 ft. The hole was cored with the 3-1/4 inch hollow stem auger. Drilling was done with minimal cleaning of the

hole to keep the cuttings packed around the auger through the aquifer, thus temporarily sealing the water out of

the hole. At a depth of 184 ft the seal was bet and water and cuttings cascaded into the hole. The auger was

pulled to 164 ft where it became stuck in the hole. [n attempting to pull the auger out of the hole, it was broken

off at a depth of about 8 ft bebw surface. Two 4-1/2 inch diameter holes were drilled to a depth of 154 ft along

side the hollow stem in an unsuccessful attempt to free the 3-1/4 inch hollow stem. The hole was abandoned

and plugged with cement slurred both inside the hollow stem auger and down the 4 1/2 in holes adjacent to the

auger.

‘ Samples of the cores from the hole were analyzed for chemical and radmhemicat constituents and for water

content. Basic data on the hole is included in Table 3.2.24 and Appendix 8.3, the geologic bg is in Fgure 4.2-1

and in Appendix 8.4. Data on the radiochemicai and inorganic chemical analyses are discussed in Section 6.2 in

?~les 6.2.2.3-II and 6.2.2.3411. Water content and tritium concentrations in the water are presented in Table

6.2.2.3-1.

. .
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TABLE 4.1-I

Radiochemlcal Analyass of Water SamPleS and Cores frOI’11 MortandadCanyonMT Holes

Ma@Sam& (pCiL sotutiin or pCi/Q insuspended solids,except as noted)

San-Qla CS137 # pu23i pu239

MT-I solutin
MT-1 suspended
MT-2 solution
MT-2 suspednad
MT-3 SoMion
MT-3 suspended
MT-4 sotution
MT-4 suspended

104.0(74.6)

64.7(66.9)

14.1(90.1)

139.0(69.4)

160.(70.

0.(70.

-90.(70.

-60.(70.

-u

190.(20.)
—

190.(20.)

71 .(7.0

200.(20.)
—

0.013(0.006)
0.033(0.004)
0.026(0.007)
0.022(0.003)
0.003(0.003)
0.002(0.001)
0.024(0.006)
0.015(0.003)

0.003(0.004)
0.034(0.004)
0.015(0.005)
0.030(0.004)
0.003(0.003)
0.003(0.001)
0.002(0.003)
0.051(0.005)

43
(D

cd
UI (-3137 * F’U23B

Sampte (@~9)
Pu23~

(-9) (nciiL) (W9) (@~9) (M:9)

,,MT-144 Ct. 0.216(0.106) 0.9(0.4) 210.(20.) 0.000(0.001) 0.000(0.001) 2.25(0.2)
,. MT-166ft 0.243~0. 107) 7.5(0.8) 150.(20.) 0.004(0.001) 0.000(0.000) 7.92(0.8)

? : MT-2 49 n 0.1 73(0.097) 2.6(0.5) 370.(40.) !).001(0.001) 0.000(0.001) 3.51(0.4),. :
MT-2 74 n -0.125(0.109) 5.1(0.6) 300.(30.) 0.000(0.001)
MT-3 54 n 0.042(0.044)

0.000(0.000) 4.65(0.5)
2.4(0.4)

MT-3 64 n
0.(0.3)

-0.026(0.041)
0.012(0.002) 0.003(0.001) –

2.3(0.4)
MT-4 58 tt

61 .(6.0)
0.166(0.107)

0.005(0.001) 0.002(0.001) 3.75(0.4)
0.2(0.4)

MT-4 74 H
230.(20.) 0.020(0.002) 0.036(0.003) 2.22(0.2)

-0.006(0.1 13) 6.4(0,7) 200.(20.) 0.000(0.001) 0.001(0.001) 6.70(0.7)

Note: Standarddeviationof radtiemicai counting “Statistk shown in parentheses

0
n
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EXTENT OF SATURATION IN MORTANDAD CANYON

,. 5.0 METHODS FOR PRESENT STUDY

This section describes or references the methods of sample collection and the analytcai or other laboratory
r.

procedures applied. Where standard methods were available, they were used and are referenced as such. In

many cases, standard methods were not available and more extensive discussion is included to document the

methods. Examples of these latter situations are the methods used for constructing the core holes through the

alluvial aquifer, and the packaging of the core samples.

5.1 Methods for investigating Extent of Saturation

.—-

5.1.1 Deep Core Hole Construction and Sampling

,-

Based on the data collected from previous studies including that from the core holes near MCO-8 (1983), the MT

holes (1988) and core hole MCC-8.2 (1989), it was clear that there were significant vacations in hydrologic
,- ,.

“ properties, water contents, and distribution of contaminants with depth beneath the perched aquifer. Some

questions were raised about the possibility of cross-contamination of samples (especiallyfor tritiim and water
,,

co~ent measurements) from hole MCC-8.2.
. . .

,..

,...

.,

,.

..

Accordingly, a new technique was developed to permit better assurance of sealing off the perched aquifer

during coring to prevent possible cross-contamination of samples taken at,depth below the perched aquifer.

The technique involves core drilling through the perched aquifer to a depth of a few feet below the saturated

zone with 3 l/2-inch ID hollow stem auger and continuous core tube equipment. Then the hole is then reamed

using a larger, 8 l/2-inch ID diameter, hollow stem auger, rotated as little as possible, to a slightly greater depth to

act as a casing through the perched aquifer. This casing prevents water in the perched aquifer from flowing

down the core hole. Once the 8 1/2 inch auger is emplaced through the perched aquifer, the 3 l/4-inch ID

hollow stem auger is run back in the hole through the larger auger, and 6ontinuous coring is continued on below

the perched aquifer. O-rings were used in the couplings of both sizes of hollow stem auger to further reduce

the likelihood of water entering the auger. (One initial attempt to apply the technique was thwarted because a

blank steel plate in the cutting auger of the 8 1/2 inch tool coukf not be pushed aside in the formation once it was

pushed out of the end of the tool.) Successful holes were drilled by using the larger diameter auger without a

blank plate, and permitting the bottom 5 to 10 feet of the auger plug with formation material. The unsuccessful

hole, MCM-5.9 (July 1990), and the two successful holes MCM-5.9A (July 1990) and MCM-5.1 (September

. . . ..

. .. ... :<.,....
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,.
1990) are described in subsequent subsections, in the order of their geographic placement at increasing

distance downstream in Mortandad Canyon.
.,

A third deep core hole was drilled just east of the LANL boundary on San Ildefonso Puebb lands in September

,, 1990. This was completed as a cooperative venture between the Bureau of Indian Affairs and LANL personnel

with the approval of San Ildefonso Pueblo under general terms of a three-paw Memorandum of Understanding

covering environmental monitoring on Pueblo lands. This hole, SIMO-1, was drilled by convent”mnai continuous

coring technique, without the larger diameter casing, because there was no expectation of a saturated zone that

distance downstream in the canyon based on previously drilled holes (i.e. monitoring wells and moisture probe
,. .

access holes downstream from MCO-8.2). The hole is described in a subsequent subsectbn.

5.1.1.4 Core Hole MCM-5.1

. .

.,

Test hole MCM-5.1 was cored to a depth of 111 ft. The hole penetrated the alluvium, the Tshirege Member Unit

1A, and was completed into the Tsankawi Member Fg, 5.1.1.1-1. The hole was cored with a 3-1/4 ID holfow

stem auger through the aquifer. The auger was removed from the hole and the hole was reamed with a 8-1/2

i,~-lD hollow stem auger. This auger was set into the weathered tuff beneath the aquifer at a depth of 39 ft.,

sealing the water out of the hole. Coring continued through the 8-1/2 inch dia. auger to about 112 ft. After the

coring auger was removed from the hole the hole was complated with a.2-inch ID PVC casing for use as a

moisture probe access tube. The perched aquifer was sealed out of the access hole with cement grout as the 8-

1/4 inch holbw stem auger was removed from the hole.

—. Basic data for the hole is included in Appendix 8.3, the geologic and completbn log is in ‘Fgure 5.1.1.1-1 and in

Appendix 8.4

,.

Samples were collected for organic, inorganic, and radiochemical analyses as well as for hydrobgic properties.

The samples were collected in precleaned 6-inch longby21/2 inch 00 stainless steel or brass sleeves inserted

inside the 5-foot bng core barrel. Upon retrieval of the barrel from a drilling run, the barrel was opened and each

sleeve in turn removed and sealed as quickly as possible.

The two bottommost sleeves (stainless steel), destined for organic chemical analysis, were sealed first. The

sealing was accomplished by placing a 2 1/2 inch diameter Teflon disk over each end of the sleeve; wrapping

each end with two separate layers of 4-inch wide Teflon tape pulled tighfd~ deform and seal tightly against the
. .. .
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sleeve; and then placing a friction ft plastic cap over the Teflon tape. Each sealed sleeve was placed inside two

separately sealed, recbseable plastic bags, and then placed in an ice chest for presewation and transpoti to the
.- .

analytical chemistry laborato~.

.
The next two sleeves (brass), destined for hydrologic property analysis, were sealed with Tefbn tape and plastic

caps, as de$cribed above, and additionally sealed with plastic adhesive tape over the plastic caps as a further

- . precaution against any bss of moisture during transport to the hydrobgii Iaboratoty. These were also double-

bagged and placed in an ice chest for preservation and transport.

.—.

The fifth sleeve, destined for raduhemical analysis, was sealed with the plastic end caps, placed in double

plastic bags, and stored and transported in ice chests,

5.1.1.2 Core Hole MCM-5.9
..

Test hole MCM-5.9 was cored through the alluvium in to the top of the Tshirege Member Unit 1A. The hole was

abandoned and plugged after the blank plate from the 8-1/4 inch holbw stem auger could not be pushed to the

si~to permit introduction of the 3 1/4 inch hollow stem auger coring tool.

-.

.--,

,...

...

.- -

.. .

,.-

-.

,.._

..Basicdata for the hole is included in Appendix 8.3 (Table “TBLMCT”), the geobgic and completion bg is in

Appendix 8.4

No samples from the hole were analyzed.

5.1.1.3 Core Hole MCM-5.9A

Test Hole MCM-5.9A was cored through the alluvium, Tshirege Member Unit 1A, Tsankawi Member, and into the

top of the Otowi Member, Fg. 5.1.1.3-1. The hole was first cored to a depth of 64 ft. and then reamed with the

8-1/4 inch holbw stem auger to a depth of 59 ft or 21 ft bekrw the bottom of the aquifer. The 8-1/4 inch hollow

stem cased out the water in the aquifer. The hole was then cored to a depth of 194 ft. It was completed with 2

inch ID PVC pipe as a moisture probe access tube. The 8-1/4 inch holbw stem was stuck in the hole. A cement

plug placed from 69 ft to land surface cased the water out of the bwer part of the hole that contained the

moisture probe access tube.
. . . ..

. ....
. . ....,
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Basic data for the hole is included in Appendix 8.3 (Table “TBLMCT”), the geologic and completion log is in

Figure 5.1.1 .3-1 and in Appendix 8.4

Samples were collected for radmhemical and inorganic analyses as well as for hydrologic properties. The

hydrologic samples were collected in 6-inch long by 2 1/2 inch OD brass sleeves inserted inside the 5-foot long

core barrel. Upon retrieval of the barrel from a drilling run, the barrel was opened and the brass sleeve removed,

covered with a plastic end caps, and sealed with plastic adhesive tape. The radiochemical and inorganic sampies

were collected as a composite from the remaining material in the 5-foot core intewal in recbseabie plastic bags.

Analytical methodology was as described above in Section 5.1.1.1.

5.1.1.4 Core Hole SIMO-1

Core hole SIMO-1 was drilled (September 1990) on the Pueblo of San Ildefonso a few hundred feet east of the

. Laboratory bounda~. The test hole was drilled to collect samples and confirm the expected absence of any

perched aquifer in the alluvium. The hole was cored to a depth of 104 ft through the alluvium, Tshirege Member

Unit 1A, Tsankawi Member and top of the Otowi Member, Fg. 5.1.1.4-1. The hole was dry. A 2-inch dia. plastic

ca&ng with’pedorat”nns was run in the hole for continued use as a moisture probe access tube, or the collection

of water samples should that part of the canyon ever become saturated in the future. The top was sealed with

cement and a BIA steel security cover installed.

Basic data for the hole is included in Appendix 8.3 (Table “TBLMCT’), the geologic and completion log is in Fig.

5.1.1 .4-1 and in Appendix 8.4

Samples were collected for raditwhemical analyses and moisture content. An extra, brass-sleeved sample was

collected and held for possible additional analysis in the future. Upon retrieval of the barrel from a drilling run, the

barrel was opened and the brass sleeve removed, covered with a plastic end caps, and sealed with plastii

adhesive tape. The radiochemical ati inorganic samples were collected as a composite from the remaining

material in the 5-foot core interval in recloseable plastic bags. Analytical methodology was as described above in

Section 5.1.1.1.
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. ..
5.1.2 Shallow Seismic Refraction Methods

A shallow seismic refraction survey was carried out in September 1990 by a subcontractor, Charles B. Reynolds

& Associates. The survey was intended to identify the form and depth of the interface of the alluvium and the

,.—. tuff, and, where possible, to detect the presence of perched groundwater in the alluvium. There were seven

sets of two crossed lines located in Mortandad Canyon. Locations extended from near MCO-5 eastward to near

the Los Alarnos-Santa Fe County line (Appendix 8.1 and Appendix 8.9). The fines were fully reversed and,...

analyzed by a wavefront reconstruction technique using both low and high frequency components. The full

description of the methodology is presented in Appendix 8.9.
, —,

5.2 Methods for Investigating
,...,

5.2.1 Leachates/Extracts from

..

Extent of Contamination

Cores

Analyses for radiochemical, inorganic, and organic constituents were performed by the Health and

Environmental Chemistry Group (HSE-9) at Los Alamos National Laboratoy. Descriptions of the standard

analytical methods are documented in other Los Alamos publications (Williams 1990 and Gautiir 1990). In
,..

additiin to the standard analyses for radiochemcals, general chemical parameters, EP Toxicity analysis for

metals extractable from cores, and organic vapors and extracts performed in accord with EPA guidance and

regulations where appropriate, selected cores were subject to a metal scan. T3is procedure involved taking a 1

gram sample of the rock matrix, leaching it in a 1 percent nitric acid solution for 24 hours on a shaker, and then

analyzing the extract on an lCP-Mass Spectrometer for 57 measurable metals.

,..

,..

....

.,

5.2.2 Construction and Sampllng of Wells in Perched Zone

Module Vlll of the Hazardous and SoIii Waste fntion of the RCRA @rmit included a requirement for special

Perched Zone Monitoring. In conformance with those requirements, new monitoring wells were installed in

several of the canyons, including Mortandad Canyon. The installation and construction of those wells was

completed in 1990 (Purtymun, 1990a). The wells were drilled and constructed in accord with EPA

recommendations given in the RCRA Ground-Water Monitoring Techn”=l Enforcement Gu”dance Document

(TEGD) to the extent practicable and allowing for some site-specific modifications based on more than 40 years

experience with monitoring initiated by the U. S. Geological Survey. Basic data on the new wells are presented

in Table 5.2.2-1 and geologic and completion logs are included in Appeo@x 8.4
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Table 5.2.2-1

Basic Data for New Monitoring Wells In Mortandad Canyon

Water Levels Below

Depth
Date Date Driikf Completed Water Water

m) (m Lev@

MCO-4A 11-01-89 11-01-89 24
MCO-4B 8-20-90 8-21-90 34
MCO-6A 11-02-89 11-’06-89 33

20 MCO-6B 8-09-90 8-13-90 48
0 MCO-7A 11-06-89 11-14-89 47
&

,,,.,
,.,

on Well ~ PoIn.&.

Topof
Topof PVC Casing,

MCO-4A 6889.00 6888.24

19.4 11-14-89 5.1 8-15-90 Dry
33.9 — . 8-21-90 21.7
32.7 11-09-89 30.3 6-02-90 w
47.1 — — 8-13-90 33.2
44.8 11-09-89 35.2 6-21-90 37.2

Land SudaceMeasuring New Mexico State Plane

Fa~

6887.53 -0.71 1769638.132 491 784.644
MCO-4B 6889.13 6888.71 6887.56 -1.15 1 769634.899 491 792.173
MCO-6A 6851.80 6851.45 6850.18 -1.27 1768899.886 493388.651
MCO-6B 6851.84 6851.08 6850.37 -0.71 1 768921.493 493386.276
MCO-7A 6829.27 6828.75 6827.71 -1.04 1 768447.198 494259.239
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Thewells wereall constructed with basically thesame methods. Apiiothole wasdrilled with either astandard

continuous-fliiht auger (4-1/2 inch diameter) or cored with hollow stem auger (7-1/4 inch hole diameter). The

depth to the base of the aquifer was determined by the cuttings and drilling pressure or by direct inspectionof

the continuouscore retrievedfrom the hole. The pilot hole provided a guide for reaming the hole using a larger

diameter holbw stem auger (6-1/4 inch I.D,).

Two-inch diameter casing was set through the hollow stem auger, with the screened portion resting on the

bottom of the hole. The lowest portion of the casing consisted of 1 or 2 ten-foot lengths of 0.010 inch sfotted

screen with a plug at bottom. (In three wells a five-foot blank section was extended bebw the screen section in

order to provide for bailer desoent needed to collect adequate sample volumes.) The annulus between the

holbw stem auger and casing screen was filled with the filter pack (sand) in increments of 2 to 3 feet at which time

the auger was pulled up a corresponding amount. Keeping the sand in the auger while raising the auger

assured a continuous gravel pack between the bore hole wall and the screen by preventingany formation

materialfrom caving in aroundthe casing. At this point a seal of bentoniteandor cement was extended to the

surface using the same method of emplacement through the auger to assure a continuous seal with no

forjnation material collapsing in around the blank tubing. The upper part of the well was filled with cement and

the:well head security cap was set about 1 1/2 to 2 feet into the cement.

The wells were developed using a surge block, pumping, bailing, and jetting. At least two methods were used in

each well. The choice of methods depended on the depth to water and obsewations of the saturated

thickness. Jetting was the most commonly used method and was applied to all of the Mortandad Canyon wells.

However, none of the wells that have water in them have yet been able to meet the turbidfiy guideline of 5

nephelometric turbiiity units. This is as expected based on previous experience with the 25 to 30 year old U.S.

Geological Suwey wells. B&cause of this experience with continued turbidity resulting from the fine suspended

clays and silts found in the aquifer, the smallest size screen generally available from commercial sources (0.01O-

inch) with matched size sand (0.01Oto-O.020- inch) was used in completing all the new wells. These clays and

silts are derived from weathering of the ash matrix of the tuff.

,.
Wells were completed in Mortar’dad Canyon near existing wells MCO-4, MCO-6, and MCO-7. These are

identified as MCO-4A, -6A, and -7A, respectively. Two of the wells, MCO-4A and -6A, became dry during the

,-. summer due to lack of surface runoff. Two additional wells,.designated MCO-4B and MCO-6B, were drilled

because the old USGS. wells indicated the water level had declined:berwath the lowest pad of the ten-foot
>.
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,.
screen installed in the first new wells. The replacement wells were equipped with 20-foot screen sect”mnsto

allow for the considerable fluctuation in the water level during seasonal variations.

,-

Basic data on both the old and new wells are presented in Appendixes 8.3 and 8.4.

The new wells that contained water were sampled for detailed analysis of radmhemical, inorganic, and organic

constituents (Environmental Restoration Pro{]ram 1990). They were first sampled on September 11 and 12,

1990. At the same time, samples were collected fmm adjacent older wells in Mortandad and Los Afarnos

canyons to permit comparison of the results from those wells with results from the new wells constructed in

accord with the permit conditions. (The older wells include MCO-4, MCO-6, and MC()-7 in Mortandad Canyon.

These older wells have long been monitored under the routine Environmental Surveillance program and data

,- from them have been published annually in the Environmental Surveillance Reports (see Sec. 3.3 of this report)

The new wells were sampled a second time by the International Technology Coqmation (IT) on November 1 and,,
2, 1990, for analysis of the entire RCRA Appendix IX list of constituents, including some analyses not presently

perlormed by the Health and Environmental ChemisttyGroup, HISE-9. The data is presented in Section 6.2.1.

,..

Details of the sampling methodology, analytical methods, and quality assurance programs were documented in

the previously submitted reports identified in the two above references.

5.3 Methods for investigating Hydrologic Properties

Analysis for hydrologic propwties including moisture content, were performed by a subcontractor, Daniel 8.

Stephens, Inc. Their methods a~ quality awrance program are documented in their final report, included in

this document as Appendix 8.8, parts H and 1.

6.0 SUMMARY OF RESULTS

This section will present summaries of the data specifically obtained in response to the special permit condition.

The detailed data is contained in Appendix !3. Cross-referencesi to subsections of Appendx 8 are included.

Where appropriate, reference will be niade to other related data contained in the appendixes or in other previous

reports. . . . ... ...
$ . . . . .

. . .
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EXTENT OF SATURATION IN MORTANDAD CANYON

6.1 Extent of Saturation

As expected from earlier studies and measurements, the saturated thickness of the alluvium in Mortandad

Canyon is relatively thin and occurs perched on top of the weathered tuff of Unit 1a of the Tshirege member of

the Bandeiier Tuff. inthethree mrehoies pnetrating saturated wtifi@ns, thesaturm@ thWnessra~ed

from about 2 ft in hoie MCM-5.9A, to about 8 ft in both MCM-5.1 and MCC-8.2. No zone of saturation was

observed in hoie SiMO-1.

6.1.1 Cores

The moisture content at less than saturation varied considerably with depth and Iithofogic strata. A graphic

presentation of the gravimetric moisture profiles found in each of the four hoies is presented in Fig. 6.1.1-1. and

Quantitative data is summarized in Tabies 6.2.2.1 -i, 6.2.2.2-i, 6.2.2.3-i, and 6.2.2.4-i in Section 6.2.2, ahcf

detaiied in Appendix 8.5. Gravimetnc moisture content measurements were made for sampies from aii four hoies

to permit some comparisons between hoies to be made.
/

‘.. ,..,
Most of the measurements from sampies coiiected in hoies MCM-5.1, MCM- 5.9A, and MCC-8.2 tfrom depths

beiow the perched water were in the range of 10 to 30 percent. There is a graduai increase in gravimetric

moisture content with depth , peaking at about 100 feet. This occurs in the Tsankawi member of the Bandeiier

tuft and is just above or at the mntact with the Otowi member. There appears to be an initiai decrease in

gravimetric moisture with depth into the Otowi member (based mainiy on data from hoies fI+CM-5.9A and MCC-

8.2), which quickly ieveis off between 12 and 18”A.

In hoie SiMO-1, where there was no percheci zone, the gravimetric moisture content was reiativefy constant at

between 4 and 9 percent through the Tshirege and Tsankawi members, decreases to about 2 to 4 % at the

conta~ with the Otowi member, and then gradually increases to between 10 and 20% in the bottom 20 feet of

the hole. It is interesting to note that the gmvimetric moisture content in the portiin of the hoie 20 to 40 feet into

the Otowi member is very simiiar to that obsewed in the comparable sectiin of the Otowi member in i’wies MCM-

5.9A and MCC-8.2.

. .

.. ”-.:: . ....
.. ..
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Other measures of moisture content, which include percent of saturation and moisture potential are of

considerable interest in relation to hydrologic propefiies. Measurements of these properties were made on

selected cores from holes MCM-5.1 and MCM-5.9A by a contract hydrologic laboratory, and are discussed in

Section 6.3.

6.1.2. Seismic Refraction

The shallow seismic refraction study resuits generaliy confirmed that the zone of saturation is thin throughout

the canyon based on the iines surveyed. The compiete interpretation is presented in the subcontractor’s

report, reproduced in Appendix 8.9. The iarge-scaie map in Appendix 8.1 depicts refractions with sufficiently

high velocities to suggest the possibility of saturation as shaded areas. in summary, the seismic resutts

suggested the maximum thickness of satr.mition occurred under’ or near the existing stream channel in the upper

portion of the canyon. In the iower part of the canyon, from about MCO-8 and further east, the thickest sections

appear to be located south of the stream channei. The maximum suggested saturated thickness was about 10-

15 ft on one of the iines in the vicinity of MCO-8. ,There was some evidence of near-saturation conditions as far

east as the Los Aiamos-Santa Fe County line (see map in Appendix 8.1), aithough hoies driiied in previous

studies nearer the stream channei have never encountered saturation east of MCO-9). The seismic data aiso

su~ested that the highest elevations of saturated conditions occur under or near the stream channei, with

some slope downward toward one or both canyon sides (moundng). This possibility of mounding perpendicular

to the canyon axis has aiso been noted by water ieveis observed in hbies driiied in transect across the canyon.

6.2 Extent of Contamination

The contaminants of interest in .Morlandad Canyon are predominantly those reieased as residuals in the treated

effluent from the TA-50 Rad@active Lquid Waste treatment plant. The residuai radioactive materials have

historically been of most interest. Records of reieases from the TA-50 piant were summarized to provide a basic

indication of the history of reieases. Data on tritium in the effiuemtis presented in Tabie 6.2-i; data for plutonium

and americium is in Table 6.2-ii.

Tritium is of great interest in evaluating the hydrologic process because tritium, the radioactive isotope of

hydrogen, is chemically part of the water moiecuies and physicatiiy moves with water virtuaiiy unaffected by any

geochemicai processes such as ion exchange, cheiation, or adsorption. Accordingly it can be used as a

fundamental conservative tracer to foiiow tlhe movement of water, inciuding identification of dilution or mixing.. . . . .. .. . +.<...

Page 50
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TABLE 6.2-I

TA-50 Trltlum Effluent

,, Effluent 3H ReleaseYear
Year volume Effluent H Concentration

(106Lnera) (Cliriea) (nCuL)

. 1963 27.38 0 0.0
1964
1965
1966,.,
1967
1968
1969
1970
1971
1972
1973

. 1974
~.1975
‘:”797.6

1977
... 1978

1979
1980
1981
1982
1983
1984
1985.. .
1986
1987
1988
1989
1990

51.39
48.99
52.8
59.67
60.28
54.47
53.17
45.67
57.07
53,72
40.6
39.72
39.89
42.09
40.54
48.58
52.83
55.33
39.76
34.5
35.05
28.6
30.5
26.6
29.3
22.8
21.1

—.-—-. .._.

0
0
0

’207

0
20?

o
0
5.971

17.47
4,05

26
187
36.5
12.3
32.7
44.9
17
14A
8.7

13
69.4
72.5

1-00
21
16
12

.

0.0
0.0
0.0
0.0
0.0

367.2
0.0
0.0

104.6
325.2

99.8
654.6

4687.9
867.2
303.4
673.1
849.9
307.2
357.1
252.2
370.9

2426.6
2377.0
3759.4

716.7
701.8
568.7

—

Decay 19913H 19913H 1991%f
to Concentration Inventory Cumulative

1991 (nCUL) (Ci) Sunlmaly(Ci)

7).21 0.0 0.0 0.0
{).22
0.23
0.25
().26
().27
().29
().31
().32
0.34
0.36
0.38
0.41
(0.43
0.46
0.48
0.51
0.54
0.57
0060
0.64
0.67
0.71
0.76
0.80
0.84
0.89
0.95

0.0
0.0
0.0
0.0
0.0

106.6
0.0
0.0

36.0
118.2
38.4

266.3
2017.6
394.8
146.1
342.9
458.0
175.1
215.4
160.9
250.3

1732.0
1794.7
3002.5

605.5
627..1
537.8

0.0
0.0
0.0
0.0
0.0
5.8
0.0
0.0
2.1
6.4
1.6

10.6
80.5
16.6
5.9

16.7
24.2
9.7
8.6
5.5
8.8

49.5
54.7
79.9
17.7
14.3
11.3

0.0
0.0
0.0
0.0
0.0
5.8
5.8
5.8
7.9

14.2
15.8
26.3

106.8
123.4
129,4
146.0
170.2
179.9
188.5
194.0
202.8
252.3
307.1
386.9
404.7
419.0
430.3

+----...

Page 51



,
I

.

,. .
.“

TABLE 6.2-II

TA-50 Eltluent, PIUtOniUm and Amerlclum Content

~~ ~
Aver#yI Average Curnutative Average Gxnulative

Release Conoentratbn Surnsry Release cone. EUnary Release Concentration Sumary

1963
1964
1965
i !’)66
1967
$968
1969

-0 1970
8 1971
(D
UI 1972
Iv 1973

i 9?4

1 1975
,1976
,T!jV7

:1$76
1979
1960
1981
1962
1983
1984
1965
1966
1987
1988
1989
1990

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
7.7
8.4

● * A,.. -

14.6
7.5
2.6
4.1
0.6
1.3
2.9
3.0

11.0
6.1
3.9
1.5
1.4
1.1
0.6
0.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

134.7
156.3
280.8
372.6
187.5

61.1
99.9
11.3
24.6
52.4
75.5

316.8
174.0
137.4

49.2
52.6
37.5
24.6

9.5

0.0
0.0
0.0
();~

0.0
0.0
0.0
0.0
0.0
7.7

16.1
27.5
42.3
49.8
52.3
56.4
56.9
58.2
61.1
64.1
75.1
8f .2
65.2
86.7
88.1
89.2
89.7
89.9

1.6
1.9
3.5
i .6
4.2
2.6
6.8
5.0
6.2
1.0
0.6
0.4
0.7
1.1
1.5
1.8
1.7
8.2

55.0
16.6
42.0
8.1
5.8
3.6
3.2
1.1
2.0
0.6

58.4
37.8
71.2
30.7
70.7
43.0

124.5
93.7

135.5
17.9
10.8

9.6
16.9
26.3
34.9
45.1
35.2

155.2
994.0
417.5

1217.4
231.1
201.0
116.4
120.3

37.5
87.7
28.4

1.6
3.5
7.0
8.7

12.9
15.5
22.2
27.2
33.4
34.4
35.0
35.4
36.1
37.1
36.6
40.4
42.1
50.3

105.3
121.9
163.9
,172.0
177.8
181.3
164.5
185.6
187.6
188.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.4
1.7
1.1
1.1
1.9
1.7
4.7
5.7

23.0
17.8
38.0

8.2
5.4
3.2
3.6
3.7
4.1
2.7

u
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

25.2
40.9
26.4
26.6
45.9
42.7
96.3

107.9
415.7
447.7

1101.4
234.0
189.5
106.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.4
3.0
4.1
5.3
7.2
8.9

13.6
19.3
42.3
60.1
98.1
06.3
11.7
15.0

135.3 118.6
126.3 122.3
179.8 126.4
128.0 129.1
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The first four columns in Table 6.2-1 include information on the annual amount of tritium released, the annual

effluent volume, and the arithmetic average concentration for each year. The last four columns provide

information to account for the radioactive decay of tritium (approximately 12.3 year half-life), including the decay

factor from the year of release to 1991, the decayed-corrected concentration and total annual release, and a

decay-corrected cumulative sum of the releases through 1990.

Table 6.2-II presents the annual total release and annual average concentration in the effluent for Pu-238, Pu-

239, and AM-241. A running cumulative sum of total release is provided for each nudlde. Analysis of the

effIuents through 1971 was made for total plutonium only, reported here as Pu-239, which was the dominant

constituent through most of that time.

Monitoring and special studies during the entire history of TA-50 discharges into Mortandad Canyon provide

basic data on the fate of the major radioactive residuals. The residuais associated with sediments accounted for

99 to more than 99.9 percent of the total releases for all radioactivity except tritium. One detailed study”

‘(Purtymun 1963) summarized the distribution of constituents associated with the channei sediments and those

found in the perched aquifer. The proportions found in the perched aquifer ranged from a maxirrwm of about 1

‘pe:ment for gross alpha, down to about 0.03 percent for Pu-239. Patterns of concentrations have remained

relatively constant, and while total inventory has increased from cxmtinued releases (Tables 6.2-1and 6.2-II), the

overall proportions of distribution must be similar. Additional studies have addressed the details of distribution of

radionuclides in the perched aquifer especially as they may reflect the associat”km of specific isotopes with

various size particulate and coiloids (e.g. Penrose 1990). These studies show that a significant portion of the

materials in the perched aquifer maybe associated with neutral and therefore mobile colloiis.

Tritium exhibits a somewhat different pattern. The concentrations of tritium in the aquifer vary over three orders

of magnitude, generally foliokving the avera~~econcentrations in the effluent, but lagging by periods of

approximately a year. TMs is graphically represented in Fig. 6.2-1 that shows annual average tritium

concentrations in the effluent and in six of the observation wells located through the reach of Mortandad Canyon

where the perched aquifer occurs. Detailed studies of the movement of tritium (Purtymun, 1983; and Purtymun,

1974)have found that tritium moves with wafer through the aquifer about 3 km from the release point to MCO-8

in about 390 days. Based on inventory estimates, it appears that about half of the tritium, and thus hatf of the

effIuent, entering the canyon in a given year is lost through evaporation and movement out of the alluvium into

the adjacent or underlying tuff.
. ... :”-.e...-

...

Page 53

. .. —.—.— ..__ .—.. ——— —..



,“.

EXTENT OF SATURATION IN MORTANDAD CANYON

—.

--

—

,-.

1Ocloo
TA- 50 EFFLUENT TO MORTANOAD CANYON

=
~
o
s. 1000=

u

5
u

z 100:
3
~
~

10 ,
1965 1975 1985 1995

,...,

,.._
‘.

‘“”me cANyoN“LL“0-’ t

r—

.

.-..

,- .

0000-AD CA”Y”N““ ‘co-’

1000

100I
A&n-—m— ‘ ‘ ‘

1975 1985 1$

1OOOQ

rtik

MOf?TAN13A0CANYONWELL MCO-5
=
\.
G
5 .l(joo

u

if.
u

x 100
3
~
Ei-

lo&m-ny&g--’”” “’’”r
1985 1’

TIME (yrS)

Fig. 6.2=1 Annual TritiUm Concentration in Mortandad

. . :“’”’.. ....

35

35”

95

Canyon

...

Page 54

__— —. . ——. .— —



EXTENT OF SATURATION IN MOFITANDAD CANYON

,..

,.

.-

r—

,-,

-.

....

.—

‘..,

.—.

.-.

- ..”

,---

,----

!—---

TA-50 EFFLUENT TO MORTAIUOAD CANYON

1000

100

10
1965 II 975 1985 1995

<’ooooYcANyoN‘E”‘co-’

lo+&n--
19’75

I ,
1985 1$

10000

r

MORTANDAD CANYON WEU MCO-7
=
~
u

s’oOooF“oN‘E”‘c”-’”’

lo+@—--””--”” “’’’’”
1975 1985 1’

TIME (YrSi)

35

95,

95

Fig. 6.2-1 Annual Trltlum Concentration- hi Mortandad Canyon (continued)

. .

... :’”-. ....
& . .

Page 55

——..— —— — —_.— -———...——



EXTENT OF SATURATION IN MORTANDAD CANYON

,--
6.2.1. Alluvial Water

..-.
The samples mllected in the fall of 1990 in fulfillment of the permit special condition were subject to a full range

of analyses for radiochemical constituents and Appendix IX constituents. The samples were collected from both

. old observation wells and adjacent new wells, and indicate the na~ureof contaminants found in the perched

.—.

.

aquifer.

‘.

,-..

.

—.

-,

–..

The results of the laboratory analyses are summarized in fiie tables, as foibws:

Table 6.2.1-II summarizes Radiochemical Analyses for Gross Gamma, Gross Alpha, 241Am,
Total “ 3H 137C5 238PU am 239,240

?9 9 * Pu. All of the constituents were present in locations and

amounts expected from the results of the long term rncmitoring program. Tritium concentrations

were found to be very comparable between adjacent old and new well pairs, indicating good

hydrologic continuity; and is expectable because tritium in the water molecules is not subject to

adsorption. Plutonium concentrations in samples from the new wells in Mortandad Canyon (MCO-

4B, MCO- 6B, and MCO-7A) were considerably lower than in samples from the old wells (MCO-4,

MCO-6, and MCO-7). This is probably expectable because construction of the new wells resulted

in sgnifiiant new disturbed surface:; for adsorption of plutonium.

Table 6.2.141 summarizes the Appendix IX Inorganic Constituents. Most of the metals were

found in concentrations above detection limits in some or all of the samples, and in general, fit

expectations of occurrence based on results of the long term monitoring program. Barium and

lead levels were higher than previously obsewed. Sulfiies were found in all the new wells at levels

from 1 to 2.8 rng/L. Results from the two laboratories were generally comparable considering

possible variation because of approximately seven weeks difference in sampling dates.

Table 6.2.1411 summarizes the Aplpendix IX Organic Compounds Detected. The only Appendix

IX organics detected that could not be attributed to minor analytical laboratory contamination

included diethylphthalate (18 micrograms/L) in the sample from one of the old wells (MCO-4.5) and

the possible presence of N-nitrosomorpholine (3 micrograms/Lder) in two of the new wells (MCO-

4B and MCO-6B) but at levels less than one-third of the reporting limit (1OmicrogramslL) for the

analytical method. There is apparently no organic mntamination from effluent discharges or

developed-surface runoff in the perched alluvial water.

-—.
. ... :””’.* ...

..
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Table 6.2.1-IV summarizes the general chemical parameters analyzed. These results indicate

generally good comparability between the paired old and new wells. The data indiite that there is
,..

good hydrologic continuity in the alluvium for materials that wouid not be significantly affected by

adsorption or geochemical interactions such as sodium, nlitrate, and total dissotved soliis. Some
.-., other materials show much more variation between the acijacent wells; these are expectably

subject to geochemical interact”nns with the newly disturbed tuff surfaces created by the drill’ing,

.. and the emplacement of non-native filter pack material as required by the TEGD.

Table 6.2.1-V summarizes addfiional data for these samples based on analyses completed,.—

since the December 1990 repod (ERP 1990). The data indicate the distribut”mn of plutonium

associated with the filterable material (i.e., that retained on a 0.45 micron membrane filter) in
,...

comparison with that generally considered “dissolved” (i.e., passing through the filter), though it

must be remembered that a large portion (e.g., 40 to 50°/0)of this maybe associated with colkrids
-... smaller that 0.45 microns. The old wells have a much larger proportion of “dissolved” plutonium,

ranging from about 37 to more than 98 percent; while the new wells have a small proportion,

#--- ranging from about 2 to 30 percent.
‘ ..
,..

. .
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TABLE 6.2.1-I

SUMMARY OF RADIOCH=lcAL ANALYSES of SAMPLES FROM PERCHED ZONE Monitoring WELLS

~PARAMETER(@X oxcaplwhammtad, * VSkIOis anaiyticd standarddaviatii)

Gms Gmaa Gross ToIalU

WELL LAB1 3~ 236pu 239,240pu 137CS 241Am Alpha Bata (fwM-)
(UrlA)

MCG4B HSE-9 67000t70Li0 0.0529k0.0213 0.l12i0.027 28*69 1.47k0.l O 9*3 12O*1O 11O*8O 6.4*0.1

HSE-9 43000*4000 0.371*0.042 1.42k0.92 101*7O 4.14*0.19 823 160k20 80*80 1.5*O. 1

Mco-8s HSE-9 130000iloooo 0.0187io.o148 0.0327*0.01 69 16ti73 2.27k0.l 3 34*8 59*6 10*8O 18.lkO.4

HSE,9 1000OM1OOOO 1.12t0.01 3.18t0.20 90t71 2.52t0.l 3 1O*3 100*1O 180i80 5.910.1

MCO-7A HSE-9 21OOOMOOO 0.0172k0.0106 0.0344*0.01 37 20s70 0.37WMM2 7&~ * n+>.“A- ~~*@~ 6.5A0.2

MCO-7 HSE-9 13OOO*1OOO 0.01 78*0.01 54 0.0444*0.0155 87*7O 0.216*0.034 3*1 12* I 210i80 1.4*0.1

HSE-9sampiascdisctsdon Ss@snrbar11 (MC04B, MCO-4,MCO-6B,MCO-7A,and MCO-7)tx Saplambar12,1990 (MC06) andanalyzadby LosAlamos
N*ional Laboratory,Environmartalandkkllh ChamistryGroup,HSE-9.
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TABLE 6.2.1-N

SUMMARY OF APPENDIX IX lNORGANlc ANALYSEs ON sAMPLES FROM PERCHED ZONE MONITORING WELLS

PARAMETER(rrirxqrarwL)

MC-O-4S IT <30 <40 190
HSE-9 0.5 15.1 337

MCQ-4 HSE-6 0.7 i9. i ; 2s

MCO-6B K <30 <40 690
HSE-9 <0.5 12.7 1670

n

g
MCO-6 I-BE-9 <0.5 17.7 231

a
(0

WO-7A K <30 <a! A~a

HSE-Q <0.5 15.8 820
,,.,

‘,, ,

,, ? pcu-7 HSE-9 <0.5 15.6 254
:’.:,’

<1 <5 <10 <20
2.1 0.9 17.3

~~. * ?).9 15.9

4 <5 30 <2?0
8.3 0,7 22.5

0.4 0.6 ?9.8

3 <5 20 <20
4,7 0.7 28

0.9 <0,5 15.8

10 <30 <1 <20 <60
16.5 42.3 <0.2 10.9 2.5

17 2.8 <0.2 14.8 2.4

30 70 <1 <20 <60
17 163 <0.2 17.3 2.2

12.3 16.2 <0.2 16.3 2.6

30 50 <1 30 <60
21.2 94 <0.2 20.3 i

49.7 16.8 <0.2 10.3 1

<5 <40 <20
0.3 0.4

0.2 0.2

<5 <40 <20
1.3 2.1

<0.2 0.2

<5 <40 <20
i3A 0.s

0.6 0.2

<lo
171

215

30
155

185

40
~47

126

81 0.01 2.0
72 0.041

20 0.036

150 <0.01 1.0
149 0.046

43 0.046

100 <0.01 1.6
j 07 0.026

74 0.026

Notes:

1EmryhdicStO$PtiSr miw *@ ~ _ krbOf~ @Ord~ StldySOS.

IT samples cdledad on Novarrh 1 (MCCW3andMCO-7A)andNovember2 (MCO-4B),1990,@ analyzedbyIT Qxpwauon.

HSE-9samplescoliacIedon@wetier 11(MC0413,MCO-4,MCO-6S,MCO-7A,andMCO-7)orSspternbar12, 1%X3(MCO-6) wd analyzed byLosAlamosNaiiwI.d
Laboratory,ErrvimnrnantalandHeslthChetnisrryGroup,HSE-9.
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TABLE 6.2.1-III

Summary of Appandlx IX Organic Analyaes (Compouns Detected)

On Samptes from Perched Zone Monltorlng Wellst

WELL LAB2 RESULTS

MCO-4B K N-Ndrosomorpholine, eslimated at 3 P@, noted by teboratoryas below reporting limit of10 pg/L for method
HSE-9 None detected

I
MCO-4 HSE-9 Diethytphfhatafe, 18 P9/L; atso Iound in Ma* at 13.7 M@L,anaiysi judges i~ be hiri kib;~i~~j =fiii+r%~~do~

Mm-w R- N-NHmsornorphotii, estimated at 2 f@L, noted try laboratory as beiow repotiing limitof ! O#@L for method

-0 HSE-9 Methytene chtoride 6 P@., anetysfjudges to be horn sanq)te preparation or storage.

g
)&Co-a HSE-9 None detected.

m
o

MCO-7A K Organophosphorus pesticide sampte fraction exceeded hotdingtime one day, nothing detected; resampled on Nov. 30
for lR%lrK$”ia

HSE-9 None deteoted.
,,.<

,;’‘M(D7 HSE-9 1,1,2-Trichtoro-l ,2,2-triftuoroethane6 ug/L, analyst judges to be from sampfa preparation or storage.
?,, ,;

Notes:

1 ~j t- ~tes only ~rrpounds deteded and summarizes related inteIpWtatiOnS.

See the detaMd report (ERP 1990) for listings@ aHoonqmurrdsanatyzed, fimitsof quantification,and quatityassurance information.

I 2Entry indicatespartiiter samplii date and analytiil laboratory performinganafyses. “;
IT san@ea dfeoted on November 1 (MCO-6B and MCO-7A) and Noverrber 2 (MCO-4B),1990, and analyzed by IT C@poration.

1

HSE-9 samples cdected on SePle~r 11 (MCO-4B, MCO-4, MCO-6S, MCO-7A, and MCO-7) or SepterWw 12, 1990 (MCO-6) and analyzed by
Los Alamos National Laboratory.EnvhwmwmalandHealth Chemistry Group, HSE-9.

1

I

1

1
I
1
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TABLE 6.2.1-IV

SUHARY OF GENERAL CHEMICAL PARAMETER ANALYSES OF SAMPLES
FROM PERCHED ZONE MONITORING WELLS

WELL IAB’ Ca M K Na P S04 a N03-N Al Fe Mn TDS PH Cond.
@H) (pmhcdcm)

MCQ-4B HSE-9 55.4 5.66 45.1 209 0.361 46.5 <0.5 50.2 15 - 0.516 712 7.54 717

HSE-9 55.4 3.64 46.5 142 0.276 40.9 19.2 40.5 1.5 - 0.030 568 7.47 635

MW-8B HSE-9 53 10.2 32.8 278 0.876 54.9 34.4 15 113 - 2.56 634 7.31 905

HSE-9 57.6 6.61 54.9 268 0.333 49.4 29.3 70.1 8.3 - 0.265 884 7.37 894

MCO-7A HSE-9 25 5.78 11.3 1t2.6 0.924 22.9 28.1 18.8 57.4 - 1.62 220 6.96 220

&gCx)-7 HSE-9 26.9 5.42 8.90 89.6 0.566 21.6 <0.5 13.7 280 - 0.206 280 7.06 300

.,:.’,
.,.

,, v .; Notes:,,., .:

HSE-9samplescdladad on Sa@mbar 11 (MWB, -4, MCO-6B,-7A, and MCO-7)or September12, 1980(MCO-6)and analyzedby tis &amos
NWmai Laborawy, EnvimnmarrtslandHealthChemktWGroqx HSE-9.
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TABLE 6.2.1-V

Dlstrlbutlon et Dl$solvad and Flttorabls Plutortlum In McO W.lls

Massd
~saw ~~

well 238-Pu 239-Pu - 238-Pu 239-Pu
lx% at- 238-I%

0.371 1.420 14.400 60.300 0.027 0.385 1.613 0.756 3.033 49.06
Mco-40 0.063 0.112 0.327 0.543

46.82
1.750 0.572 0.950 0.625 1.062 8.46 10.54

1.120 3.180 0.039 0.088 0.840 0.025 0.056 1.145 3.236 97.84
MC08B 0.019

98.27
0.033 o.la4 0.280 4.43~ 0.461 1.240 0.479 1.273 3.90 2.57

MCCk7 0.018 0.044 0.047 0.128 0.573 0.027 0.073 0.045 O.lta 3$.7; *7 7Q

7> MCO-7A 0.017 0.034 0.021 0.064 2.098
“r. ,”

,,. , 0.043 0.135 0.060 0.169 28.57 20.30
,,, .

,,!;
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6.2.2 Core Samples

,.,
The results of analyses of the cores from the four core holes provide the basic data for evaluating the movement

of contaminants into the tuff beneath the perched aquifer. Each of the following subsections includes summary

tables presenting the analytical results. Complete details of the laboratory results, including associated quality

assurance samples, are reproduced in Appendixes 8.5 Radiochemical Analytical Resutts, 8.6 Inorganic

,, Analytical Results and 8.7 O~nic Analytical Resutts. .,\

Plutonium-238 and -239 results for many cores from holes 5.1 and 5.9 have detection limits hqher than the,..-

nominal 0.002 pCi/g detection fimit for the procedure because natural thorium interferences were passed

through the chemical separation steps. The samples will be reanalyzed with additional separation steps to obtain
,..

better detection limits. Americium-241 analyses are not yet completed, and will be reported when available.

6.2.2.1 Cores from MCM- 5.1

,.. The analytical results for cores from MCM--5.1 are presented in five tables as folbws:

Table 6.2.2.1-1 Tritium and Gravimetric Moisture in Cores from Hole MCM-5.1‘.”
Table 6.2.2.1-II Radiochemical Analyses of Cores from Hole MCM-5.1

Table 6.2.2.1-III Extractable Metals by EP Toxicii F)rocedure in Cores from Hole MCM-5.1

Table 6.2.2.1-IV Metal Scan by ICPMS in Leachate ‘from Cores from Hole MCM 5.1
.

The gravimetric moisture and tritium concentration results (Table 6.2.2.1-1) are presented graphically in Fgure

6.2.2.1-1. The figure indicates the depths for the saturated zone, and the interfaces between the Tshirege Unit

1a, the Tsankawi, and the Otowi members as determined from the geologic logs. The gravimetric moisture

.._ content reaches a peak as expected in the saturated zone, and another peak at the contact between the

Tshirege Unit 1a and the Tsankawi members. This second peak represents almost 90 percent of saturation of

the weathered tuff (see hydrologic data in Section 6.3). By contrast, the tritium concentration (i.e., from the,. .

unsaturated water distilled from the core) reaches one peak with a cwcentration about 3 times that in the

perched aquifer about 8 to 20 feet (depth 3{3to 52 ft) into the Tshirege Unit 1a, then declines rapidly (more than
,...

three orders of magnitude) to detection limits in another 10 feet (depth 62 ft), reaches a secondary peak in

another 10 feet (depth 72 fU),drops again below detect”on limits, and rises to the highest concentration about
.-

4.5 times that in the perched aquifer water, within three feet (delpth 97 ft) of the top of the Tsankawi. There may

be some $mssibiliiy that the intermediate tritium concentration peak i6:@?&rtifactof sample cross contaminatiin--
....,

,-.
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there was some obsewaticm of moisture on the outside of the core barrel during runs from 64-69, 69-74, and 74-

79 feet, which could have been from slight leakage from the perched aquifer around the secondary auger

casing. However, cross contamination is not consistent with other observations: the cores did not appear

abnormally wet (confirmed by review of color photographs of the cores), the moisture data do not indicate any

discontinuity, and the tritium levels are higtier than observed in the water in the saturated zone.

The gravimetric moisture content is generally increasing through the Tshirege member, through the same 46-93

foot interval. The tritium concentration varies through this interval but generaily dectines to detection limits. This

may suggest some possibility of dilution of tritiated water by other, non-contaminated water. The highest tritium

concentration, 390 nCi/L, found at 97 foot depth in the Tsankawi, is at a hqher level (including accounting for

decay) than observed in all but a few years in observation wells MCO-5 and MCO-6 (see Fig. 6.2-1). More

detailed hydrologic transport analysis, such as discussed in Section 7.5.1 may permit use of such data to

estimate moisture movement rates and volumes.

. .

The radiochemical results (Table 6.2.2.1-1) indicate that there is apparently no significant movement beneath the

perched aquifer of plutonium, cesium, or other isotopes that WCN.Mbe detectable by gross gamma, gross alpha,

or ~ioss beta measurements. The samples taken between the surface and 39 feet show distinct but relatively

low’&centrations of plutonium-238 and -239. The sample at 43-44 feet was the first collected beneath the
,-..

aquifer, and the core barrel contained about afoot of sand that had collapsed in from the saturated zone.

Starting with that sample and continuing through the remaining cores, both the Pu-238 and -239 concentrations

are near or below detection limits. The sar@es from 39, 44, 49, 62, and 77 feet show reported values 2 to 4

times the standard deviation of the measurement. Taking twice the standard deviation as an indication of

detection limit, only the 39,44,49, and 77 foot samples might show a trace of Pu-239; and the 62 foot sample a

trace of Pu-238. However, given the analysts interpretation of the presence of significant amounts of natural

-.. thorium, which has distort&f the alpha spectrometry results, it is likely that there is no plutonium present in any of

the samples from 39 feet and deeper. Addlitiinal aliquots of tho cores will be reanalyzed with additional chemical

separation to remove the thorium interference and obtain better detect-km limits for the plutonium analyses..

The analyses for metals extractable by the EP Toxicity method (Table 6.2.2.1-Ill) indite that there are none of

the cores either above, in, or beneath the perched aquifer that exceed, or even approach the toxicity criteria.

. . . .
. ...
....

Page ,64



EXTENT OF SATURATION IN MORTANDAD CANYON

TABLE 6.2!.2.1-1

Trltium and Gravimetric Moisture Iln Cores from Hole MCM-5.1

Moisturea

4 4.9
9 2.3

13 5.8
19 15.9
22 20.1
27C 29.3

34
39
44
46
49
52
55
57
62

‘ .- 65
‘.,’ 67

70
72
75
77
80
82
85
87
90
g~d

95
97
98

102
103
107.
109e

16.3

20.1
15.1
15.7
15.7
15.3
14.8
15.8
16.0
16.4
18.2
18.6
18.4
19.0
19.1
21.3
24.1
29.8
36.8
35.2

36.5
25.9
25.0
17.6
19.0
18.8
10.6

H.3b

fDGulJ

66.0

61.0
78.0
86.0

210.0
92.0

160.0
290.0

41.0
-0.2

160.0

200.0

25.0

0.5

0.0

57.0

390.0

250.0

160.0
240.0

a MOis~re ~asure~nt ~de by hydrdogii kbOllitOfy

b Tritium as tritiated water in moisture distilled from core samples, deteotion limit 0.7 nCUL
c Base of alluvium or perched X@fer al ft. . .

.. :”’-
d Base of Tshirege Unit 1A at 93 ft.

. ....

e Base of Tsankowi Member below 109 ft.
..

Page 65

——.-— —.— ——— ——..



,., .
., .,

TABLE 6.2.2.1-II

Radlocltemlcal Analyses of Cores from Hole MCM-5.1*

,,

Depth # CS137 pu238’ PU239 GaIma’ Alpha Beta
(H) (nCiA) (f@9) (@i9) (pci/g) (pci/g) (V:9) (w~9) (@~9)

2
m
z
-t

0.117(0.006)
0.026(0.002)
0.007(0.001)
0.015(0.002)

0.095(0.005)
0.025(0.002)
0.006(0.001)
0.035(0.003)

2.5(0.5)
3.3(0.5)
3.5(0.5)
3.5(0.5)

2.8(0.3)
3.9(0.4)
4.4(0.4)
2.5(0.2)

3.6(0.8)
5.0(1 .0)
6.0(1 .0)
5.0(1 .0)

3.9(0.4)
3.0(0.4)
3. G(O.4j

3.9(0.4)

4-9
14-19
21.5-22
26.5-27b

66.0(6.0)
61 .0(5.0)
78.0(7.0)
86.0(7.0)

2.56(0.40)
0.42(0.14)
0.01(0.09)
0.31(0.14)

0.06(0.09)
0.20(0.15)
0.16(0.10)
0.36(0.12)
0.39(0.16)
0.22(0.13)
0.51(0.17)
0.17(0.10)
0.36(0.16)
0.03(0.09)
0.05(0.16)
0.05(0.09)

0.002(0.001)
0.002(0.001)
0.002(0.001)
0.002(0.02)
0.02(0.02)
0.04(0.02)
0.02(0.02)
0.001(0.02)
0.009(0.02)
0.01(0.02)
0.00(0.02)
0.005(0.02)

0.004(0.001)
0.004(0.001)
0.003(0.001)
0.004(0.01 )
0.001(0.01)
0.001(0.01)
0.001(0.01)
0.001(0.01)
0.03(0.01 )
0.00(0.01)
0.001(0.01 )
0.001(0.01)

6.3(0.7)
5.7(0.7)
6.6(0.8)
6.0(0.7)
5.8(0.7)
6.8[0.8)
7.2(0.8)
6.9(0.8)
6.5(0.8)
7.0(0.8)
7.5(0.9)
6.2(0.7)

8.0(0.8)
8.0(0.8)
8.3(0.8)
7.8(0.8)
8.2(0.8)
8.1(0.8)
8.5(0.9)
8.6(0.9)
8.0(0.8)
8.3(0.8)
7.6(0.8)
8.3(0.8)

2.8(0.7)
2.9(0.7)
2.8(0.7)
3.4(0.8)
3.4(0.8)
2.3(0.6)
2.4(0.6)
2.3(0.5)
3.5(0.8)
5.0(1 .0)
5.0(1.0)
3.4(0.8)

2.3(0.3)
1.7[0.2)
1.7(0.2)
1.4(0.2)
1.1(0.2)
1.1(0.2)
1.3(0.2)
1.3(0.2)
1.6(0.2)
4.5(0.5)
3.0(0.4)
2.0(0.3)

m 39.0

i!i 43-44
0 48-49

2 5?.5-52
56.5-57
61.5-62
66.5-67

,,. ..< 71.5-72
,, .,. 76.5-77J,!:

., 81.5-82
86.5-87
91.5-92C

-210.0(20.0)
92.0(9.0)

160.0(10.0)
290.0(30.0)

41 .0(4.0)
-0.2(0.3;

160.0(20.0)
200.0(20.0)

25.0[3.0)
0.5(0.3)
0.0(0.3)

57.0(6.0)

0.00(0.01 )
0.01(0.01)
0.002(0.01)
0.001(0.001)

6.2(Q.7)
4.4(0.6)
4.6(0.6)
5.0(0.6)

6.6(0.6)
4.8(0.5)
5.1(0.5)
5.5(0.5)

10.0(2.0)
5.0(1 .0)
5.0(1 .0)
1.1(0.3)

6.7(0.7)
4.3(0.5)
3.9(0.5)
1.3(0.2)

96.5-97
101-102
106-107
lo9-lo9d

390.0(40,0)
250.0(30.0)
160.0(20.0)
240.0(20.0)

0.13(0.09)
0.25(0.15)
0.20(0.10)
0.10(0.16)

0.011(0.02)
0.01(0.02)
0.001(0.02)
0.000(0.001)

I aStandard deviation ofradloacti%, mmtingstalisticss howninparentheses
b Base 01alluviumor perched aquikx 31 It.
c Base of Tshirege Unit 1A at 93 ft.
d Base of Tsankowi Member betow 109 tt.
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TABLE 6.2.2 .1oIII

Extrabla Metals by EF)Toxicity Prooedure in Ches from Hole McM-5,?

Sample
Depth (It) Ag As Ba Cd Cr Hg Pb Se

.,

‘ ..

..

7-8 0.010
18-19 0.010
23-24 0.010
28-29a 0.010

38-39 0.010
47-48 0.010
53-54 0.010
58-59 0.010
63-64 0.010
68-69 0.010
73-74 0.010
78-79 0.010
83-84 0.010
88-89b 0.010

93-94 ‘0.010
95s 0.010
598-99 0.010
103-104 0.010
108-109 0.010
11O-111C 0.010

SB 0.010

0.002
0.002
0.002
0.002

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.002
0.002
0.002
0.002
0.002
0.002

0.002

0.3’10
0.390
0.3130
0.1<70

0.180
0.180
0.210
0.220
0.250
0.250
0.250
0.240
0.230
0.220

1.400
0.090
0.210
0.220
0.220
0,200

0.096

0.004
0.004
0.004
0.004

0.004
0.004
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

0.002
0.002
0.002
0.002
0.002
0.002

0.002

0.007
0.007
0.007
0.007

0.007
0.007
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010

0.010

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.010
0.010
0.010
0.010

0.010
0.010
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020

0.020
0.020
0.100
0.020
0.020
0.020

0.’020

0.005
0.006
0.006
0.005

0.004
0.005
0.004
0.003
0.005
0.005
0.005
0.004
0.005
0.005

0.005
0.006
0.001
0.003
0.003
0.004

0.007

a Base of alluvium or perch&i aquifer 31 ft.
,. .. b Base of Tshirege Unil 1A at 93 ft.

c Base of Tsanko.wi Member bebw 111 ft.

. .

.-:””.:.....
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TABLE 6.2.2.1-IV

t@tal Scan by ICPMS in Laachate from Core8 from Hoie MCM-5.1

7-8
?&gQ

23-24
26-*

36-39
47-40
53-54
56-59
63-64
56-69
73-74
78-79
63-64
66-a@,!.<
‘@3+14
45$
66-88
103-104
106.109
110-1110

AQ
0.6
O.!i
0.6
0.5

0.5
0.5
0.5
0.6
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0,6
0.s
0.5
0.5
0.5

0.5

A
3000.O
3600.0
4400.0
1600.0

2800
5400

590
530.0
560.0
520.0
450.0
530.0
600.0
520.0

1500
67

1600
1100.0
e70.o

1300.0

52.0

&&b
2 0
8 0
6 0
4 0

8 0.5
5 0.5
0.5 0.5
0 0
0 0
0 0
0 0
ii o
0 0
0 0

0.5 0.5
0.5 0.5
0.5 0.5
0 0
0 0
0 0

0 0

03
lM
250
140.
34

110
110

8.9
7
6
8
7
7
6
6

56
1.5

11
13
11
9

16B

Ba iii
5 0.5
5 0.5
5 0.5
5 0.5

5 0.5
5 0.5
5 0.5
5 0.5
5 0.5
5 0.5
5 0.5
E ~.~

5 0.5
5 0.5

5 0.5
5 0.5
5 0.5
5 0.5
5 0.5
5 0.5

5 0.5

a Basaofalluviumofparti aquilw31 tt.
b~w~T-UfilA@g3~
cBaaad TawdwwiMwnbwbdowllllI.

Gdia Gsl GLQisiil Rx Et
o 42 6.6 0.5 0.5 15 3.9 2
0 66 12.0 3.6 0.5 33 9.4 4
0 55 7.s ; .1 0.5 :s
o 19

5.s 3
1.2 0.5 0.5 16 2.9 0

0.5 35 0.5 0.6 0.5 19 5.8 2
0 29 1.1 1.0 0.5 32 4.6 1.7
0.5 9.4 0.5 0.5 0.5 0.5 0.77 0.5
0 6 0.5 0.5 0.5 0 0.8 0
0 5 0.5 0.5 0.5 0 0.9 0
0 7 0.5 1.0 0.5 0 1.0 0
0 5 0.5 0.5 0.5 0 0.9 0
~ 5 0.5 0.5 0.5 0 1.0 0
0 5 0.6 0.5 0.5 0 0.5 0
0 6 0.5 0.5 0.5 0 1.0 0

0.5 32 0.5 0.5 0.5 4.9 2.8
0 3 0.5 0.5 0.5 : 0.5 0.5
0.5 12 0.67 0.64 1.1 0.65
0

1.9 1.2
11 0.5 0.5 0.5 0 0

0 5 0.5 0.5 0.5 0 k: o
0 9 1.1 1.3 0.5 0 0.7 0

0 1 0.5 0.5 0.5 0 0.5 0

Eufa
0.5 4.7
0.69 10
~.g7 6.2
0.5 1.6

0.5 5
0.5 5.4
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5

0.5 1.6
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5
0.5 0.5

0.5 0.5

faifai
6,8 5.1

14 to
12 9.2
3.3 4.2

9.3 5.3
6.4 4.5
t .3 0.5
1.3 0.5
1.2 0.58
1.5 0.68
2 19
1.9 0.77
1.3 0.57
0.98 0.71

5.2 2.7
0.64 0.5
2 1.2
1.9 1.1
0.56 0.82
0.76 t .9

0.5 0.5
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TABLE 6.2.2.1-IV (Continued)

Metal Scan by ICPMS in Leachate from Cores trom Hole MCM-5.1

7-a
18-19
23-24
29-2@

38-39
47-48
53-54
56-59
63-64
68-69
73-74
78-79

2-%

!+84
95s ‘
,ps-#fl
.’103-104
108-109
Ilo.lllc

SB

HI M.hk IaULu
0.5 0.5 0.5 0.5 26 5 0.5
0.5 1.9 0.5 0.5 66 5 0.66
0.5 1.5 0.5 0.5 48 5 0.5
0.5 0.5s 0.5 0.5 17 5 0.5

0.5 1 0.5 0.5 27 5 0.5
0.5 0.64 0.5 0.5 20 7 0.5
0.5 0.5 0.5 0.5 3.3, 7.8 0.5
0.5 0.5 0.5 0.5 3.3 7.6 0.5
0.5 0.5 0.5 0.5 3.1 7.5 0.5
0.5 0.5 0.5 0.5 3.3 6.1 0.5
0.5 0.5 0.5 0.6 3.3 5 0.5
0.5 0.5 0.5 0.5 3 5 0.5
0.5 0.6 0.5 0.5 2.6 5 0.5
0.5 0.6 0.5 0.5 3..4 5 &5

0.5 0.92 0.5 0.5 11 5 0.5
0.5 0.5 0.5 0.5 1.7 5 0.5
0.5 0.5 0.5 0.5 6.3 9.4 0.5
0.5 0.5 0<5 0.5 5 5 0.5
0.5 0.5 0.5 0.5 2.4 5 0.5
0.5 0.5 0.5 0.5 3.2 5 0.5

0.5 0.5 0.5 0.5 1.1 5 0.5

MO
1200
2100
950
290

300
240

31
36
35
34

100
29
25
32

220
1’.5

77
59
44
61

1.2

MQlib Nfl NiEhf!deKf?l fulfill Bllfibs!-sm
0.5 0.5 29 0.5 23 0.5 8.2 0.5 2 0.5 0.5 0.5 22
0.5

6.2
0.5 59 3.2 30 0.5 19 0,5 3.2 0.5 0.5 0.5 65 13

0.5 0.5 47 0.5 25 0.5 13 0.5 2.9 0.5 0.5 0.5 26 10
0.5 0.5 17 0.5 12 0.5 5.5 0.5 1.3 0.5 0.5 0.5 7.3 4

0.5 0.5 42 0.5 20 0.5 9.6 0.5 35 0.5 0.5 0.5 18 10
0.5 0.5 26 0.5 24 0.5 6.6 0.5 29 0.5 0.5 0.5 15
0.5 0.5 4.3 0.5 3.7 0.5

5.7
1.3 0.5 5.2 0.5 0.5 0.5 5 l.i

0.5 0.5 4.5 0.5 2.4 0.5 1.2 0.5 3.3 0.5 0.5 0.5 5 1.2
0.5 0.5 4.3 0.5 1.9 0.5 1.3 0.5 3.4 0.5 0.5
0.5

0.5 5 1.3
0.5 4.9 0.5 1.7 0.5 1.3 0.5 5.3

0.5
0.5 0.5 0.5 5 1.4

0.5 5.3 0.5 1.7 0.5 1.1 0.5 4.8 0.5 0.5
0.5

0.5 5 1.7
0.5 4.1 0.5 1.4 0.5 1 0.5 5

0.5 0.5
0.5 0.5

4.1
0.5 5 t .7

0.5 1.3 0.5 0.97 0.5 5.4 0.5 0.5 0.5 5 0.99
Q.S 0.s 4.4 0.5 1.5 0.s 1.2 0.5 6.1 0.5 0.5 0.5 5 1.2

0.5 0.5 13 ().5 9.1 0.5 3.5 0.5 6.4 0.5 0.5
0.5

0.5 5
0.5 1.5

4.2
0.5 0.51 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5 0.5

0.5 0.5 6.3 0.5 81 0.5 2 0.5 14 0.5 0.5
0.5 0.5

0.5 5 t .6
4.5 0.5 2 0.5 1.5 0.5 14 0.5 0.5 0.5 5

0.5
3.2

0.5 2 0.5 1,8 0.5 0.7 0.5 9.5 0.5 0.5
0.5 0.5

0.5 5 0.5
2.8 2.6 1.4 0.5 0.99 0.5 9.4 0.5 0.5 0.5 5 0.75

0.5 0.5 1.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 5 0.5

a Sam otdlutium of pwchad aquifar 31 h.
b~~d T#@p UtilAalg3h
cBaaed Taankmi hkxn&xbdowlll tt.
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TABLE 6.2.2.1-IV (Continued)

Uatal seen by ICPMS in Leachete from Cores from Hole MCM-5.1

7-8
18-19
23-24
28-*

38-39
47.48

-0 53-54
8 56-59
tD 63-64

s 66-69
73-74
7tl-7ti
63-84
m-e,.,

;$;94

98-99
103-104
108-1OB
11O-111C

SB

m“scziulmi
0.5 13 0.5 0.69 0.5
0.5 28 0.5 1.6 0.6
0.s 20 0.5 1.s 0.5
0.5 6.7 0.5 0.5 0.5

0.5 14 0.5 1.4 0.5
0.5 20 0.6 0.57 0.5
0.5 3.1 0.5 0.5 0.s
0.5 2.1 0.5 0.5 0.5
0.5 2.2 0.5 0.5 0.5
0.5 1.9 0.5 0.5 0.5
0.s 1.7 0.5 0.5 0.s
6.5 1.3 9.5 0.5 0.5
0.5 1.7 0.5 0.5 0.5
0.5 1.5 0.5 0.5 0.5

0.5 9.1 0,5 0.67 0.5
0.5 0.5 0.5 0.5 0.5
0.5 8.3 0.5 0.5 0.5
0.5 7.6 0.5 0.6 0.5
0.5 6 0.5 0.5 0.5
0.5 7.5 0.5 0.5 0.5

0.5 0.5 0.5 0.5 0.5

Ill
18
4.3

40
14

86
110

16
16
16
16
16
IQ
20
18

110
3.1

26
23
13
17

1.6

nnImil YkY
71 0.5 0.5 0.5 - 0.5
92 0.5 0.72 0.5 - 0.5
36 0.5 &5 e.5 – &~

56 0.5 0.5 0.5 – 0.5

37 0.5 0.5 0.5 - 0.5
56 0.5 0.5 0.5 - 0.5

5 0.5 0.5 0.5 5 0.5
5 0.5 0,5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5

5 0.5 0.5 0.7 5 0.5
5 0.5 0.5 0.5 5 0.5
5.1 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5 0.5 0.5 0.5 5 0.5
5.6 0.5 0.5 0.5 5 0.5

5 0.5 0.5 0.5 5 0.5

Yrlazna
14 1.2 24 0.5
41 3.2 49 0.5
23 2.8 3A 0.67

9 0.55 20 0.5

15 1.5 27 0.5
10 1.3 21 8.7
3.8 0.5 1.1 0.5
4.2 0.5 1.6 0.5
3.4 0.5 1.7 0.5
4.3 0.5 1.2 0.5
4 0.5 3.? 0.5
4.3 0.73 1.5 0.5
4 0.5 1.3 0.5
5.2 0.5 1.4 0.5

29 3.3 12 0.5
0.5 0.5 0.5 0.5

12 1.3 14 0.5
6.4 0.71 1.9 0.5
2,7 0.5 1.7 0.5
2.7 0.5 3.4 0.5

Es
1900
2400
3300
1400

550
770
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MORTANDAD CANYON MOISTURE AND TRITIUM PROFILES

CORE HOLE MCM-5.1: Sept 12–17, 1990
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The metal scan of the acid Ieachate (Table 6.2.2.1-IV) is included as data that maybe useable in conjunction with

contaminant transport modelling, or to gain insights on geochemical properties of the tuff. Some work has been

done on trace elements for geochemical characterization of the tuff and that work will be used to make initial

evaluations of naturalfy occurring constituents (Crowe 1978). For example, this previous work has found

significant amounts of Baj Ce, Cr, Dy, La, Rb, Th, Yb, and Zn in Elandeiier tuff; so the presence of such materials

is expected in Ieachate. One qual”htive observation is that there appears to be more of some of these metals

available for leaching in cores taken at depths extending down tc~39 to 48 feet, from the alluvium and the top 8

to 18 feet of Tshirege tuff. This maybe an indication of weathering induced by the presence of moisture from

the perched aquifer.

The analysis of the cores for organic compounds showed no target compounds listed in the RCRA Regualtions

Appendi~ IX detected in any of the core samples. Detailed chemistry laboratory resufts are reproduced in

Appendix 8.7.

6.2.2.2. Cores from MCM-5.9A

The..analytical results for cores from MCM--5.9A are presented in four tables as folbws:.>.
.

Table 6.2.2.2-1Tritium and Gravimetric Moisture in Cores from Hole MCM-5.9A

Table 6.2.2.2-II Radiochemical Analyses of Cores from Hole MCfvl-5.9A

Table 6.2.2.24!1 Extractable Metals by EP Toxicity Procedure on Cores from Hole MCM-5.9A

Table 6.2.2.2-IV Metal Scan by ICPMS in Leachate from Cores from Hole MCM-5.9A

The gravimetric moisture and tritium concentration results (Table 6.2.2.24) are presented graphically in Figure

6.2.2.2-1. The fgure indicates the depths fc)r the saturated zone (depth 27 to 38 ft), the contact between the

Tshirege Unit 1a and the Tsankawi Member (depth 98 ft), and the top of the Otowi member (depth 118 ft) as

determined from the geologic logs. The moisture content is relatively constant at around 20 percent

(gravimetric) from a point in the alluvium abut 8 feet above the saturated zone (depth 29 ft) and extending

about 40 feet (depth 71 ft) befow the saturated zone in the Tshirege Unit la. Then it generally increases

through the rest of the Tshirege and peaks a few feet deeper (depth (104) in the Tsankawi member. This peak

represents about 89 percent of saturation (see hydrologic data in Sect”mn6.3). There are two low gravimetric

moisture content measurements, at 94 and 102 feet that are just above and just bebw the contact between the

Tshirege and Tsankawi members. The porosity of the material in the:94 -foot sample is much lower and thus the.: . ....
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. percentage of saturation does not change neiirty so much. There was also a small decrease in gravimetric

moisture content at the same contact in hole MCM-5.1.

,..

By contrast, the tritium concentration (in water extracted from the core) reaches a peak with cowentration about

2 times that in the perched aquifer at 49 foot depth (about 12 feet into the Tshirege Unit 1a), then decJines,

rapidly (more than three orders of magnitude) reaching detection limits by about 89 feet depth, and then

increases within about 10 feet at depth 99 feet) to a secondary peak concentration, about the same level as that
.....

in the perched aquifer water, within about a foot of the top of the Tsankawi.

. As in hole MCM-5.1, the gravirnetric moisture content generatty increases through the bottom half of the

Tshirege member, through the same 65-69 foot interval where the tritium concentration drops to detection

,...” limits. Ttis again suggests some possibility of dilution of ttitium-bearing water vapor by other, non-contaminated

water. The highest tritium concentration, 280 nCi/L, found at 49 foot depth in the Tshirege, is at a higher level

(including accounting for decay) than observed in all but a few years in observation well MC(3-6 (see Fig. 6.2-l).,-
More detailed hydrologic transport analysis, such as discussed in Section 7.5.1 may permit use of such data to

estimate moisture movement rates and volumes.
,

‘>

T&”’rad~hemical results (Table 6.2.2.2-II) indicate that, to the degree. permitted by the detection limits of the
,.. analytical processes, there is apparently no signitiiant movement beneath the perched aquifer at the location of

hole MCM-5.9A of plutonium, cesium, or other isotopes that would be detectable by gross gamma, gross alpha,

,.., or gross beta measurements. The samples taken down to 19 feet show distinct but relatively low concentrations

of plutonium-236 and -239. The samples from 24 to 124 feet, and 164 to 194 feet have significant natural

thorium (see Table 6.2.2.2-IV) that interfere:>with the plutonium analysis and raises the Iirni of detection. The,.-,

core sample fmm 59 to 64 feet was the first collected beneath the aquifer with the Iarged=meter auger in place
,.

as a casing, where there was ~ Iikefy leakage from the perched aquifer to contaminate the core sample, and the
.-.

core barrel contained abotit a foot of sand that had collapsed in from the saturated zone. Starting with that

sample and continuing through the remaining cores, both the Pu-238 and -239 concentrations are near or
,-.., below the effective detection limits. The samples from 71.5,98, 124, and 164 feet are not interpretable

because the uncertainties are so large. Taking twice the standard deviatiin as an indiiion of detection limit,

,- only the 129-foot samples might show a trace of Pu-239; and thle 49-foot sample a trace of Pu-238. However,

given the analysts interpretation of the presence of significant amounts of natural thorium, which has distorted

the alpha spectrometry results, it is likely that there is no plutonium present in any of the samples from 24 feet.——,

. .

.. :”’- ....
... .,

,.
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TABLE 6.2.2.2-1

Tritium and Gravimetrie Moisture in Cores

4
9
14
19
24
29

34C

39
40
44
47
49
54
64
69
71
79
85.
89.
g4.d

99
102
104.
109.
1140

119.
124.
129.
134.
139.
144.
149.
154.
159
164.
169.
174.
179.
184.
189
194f

Moisture

5.8

21.3

14.9
19.5
18.9
10.4
19.2
23.8
18.3
19,4
18.1
25.6
39.4
44.2
11.4

6.5
60.5
49.3
24.8

21.4
16.1
18.5
18.7
18,9
17.7
19.0
17.4
15.5
16.8
15.8
15.9
15.9
16.5
15.2

from Hoie MCM-5.9A

H.3b

m
3.7
5.4
6.0
8.5

13.0
68.0
92.0

1!50.
150.
180.
270,
280.
260.
230.
140.

65.0
2.6

0.4
17.0

160.
110.
110.

82.0
78.0

76.0
70.0
60.0
68.0
69.0
62.0
66.0
71.0
56.0
47.0
42.0
36.0
20.0
15.0

4.4
5.1

a D~imaj fol~w ~mber i~ites moisture measure~~ made from,hydmlogii lSbO@Ory, others

made by radmhemicai laboratory
b Tritium as ttifiated water in moisture distilledfrom oorw, detaotion limit 0.7 nCtiL
c Basa of alluvium or perohed water at 36 ft.
d Base of Tshirege Unit 1A at 94 ft.
e Base of Tsankowi Member at 114 ‘k . . .. . . ..
f Base of Ciowi mamber bebw 194 ft. ., . ... .....-
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Depth
_(llL—

&&l

4 3.7(0.5)
0 5.4(0.6)
14 8.qo.9)
19 8.6(0.9)
24 13.ql.o)
29 6e.q7.o)
w~ 92.q9.o)

39 160.0(10.0)
40 160.0(10.0)
44 160.0(20.0)
47 270.0(30.0)
40 260.0(30.0)
54 260.0(30.0)
64 230.0(20.0)
69 140.qlo.o)

-u 71.5 65.0(7.0)

8
79 2.6(0.4)

m 89 0.4(0.2)
Mb 17.q2.o)

2,
Oe W30.o@3.q
102 110.0(10.0)
104 110.0(10.0)
109 82.qa.o)

;;,: 114C 7e.q&o)

;. 119 78.0(8.0)
124 70.q7.o)
129 60.0(6.0)
134 68.q7 .0)
139 69.q7.0)
144 62.q6.0)
14e 66.0(7.0)
154 71.q7.o)
159 56.q6.o)
164 47.q5.o)
169 42.q4.o)
174 36.q4.o)
179 20.q2.o)
184 15 0(20)
189 4 4(0.5)
le4d 5 1(0.6)

/... .

TABLE S.2.2.241

Radlochomkal Analy$w of Coro8 from HOI. MCM-5.9A

0.055(0.009) 0.20(Q.02) 3.qo.5) 0.65(020) 3.0(0.3)
0.011(0.002) 0.034(0.004) 2.4(0.6) 0.40(0.20) 2.4(0.2)
-0.007(0.006) o.oo7(o.ok) 1.qo.4) 0.04(0.20) 1.6(0.2)
0.016(0.005) 0.013(0.004) ,1.4(0.4) o.2qo.20) 1.0(0.2)
0.010(0.010) 0.006(0.015) 1.qo.4) o.5qo.20) 1.3(0.2)

0.03(0.02) 0.003(0.003) 4.2(0.6) 0.32(0.W) 5.3(0.5)
4MM36jo.02) o.olqo.02) t.qO.4) 0.62(0.20) 2.5(0.3)

0.03(0.02)
0.04(0.02)
0.03(0.02)
0.03(0.02)
o 06(0.02)
0.02(0.02)
0.02(0.02)
0.04(0.02)

0.14(?)
0.03(0.03)

O.oq?)
o.m5(o.oo5)

0.03(0.02)
0.014(0.02)

0.05(0.05)
0.02(0.02)
0.03(0.02)
0.01(0.02)
0.02(0.02)
0.03(0.02)

0.16(?)
0.03(0.03)

0.4XM(0.005)
0.005(0.005)

2.5(0.5)
3.3(0.5)
4.qo.a)
3.7(0.5)
6.4(0.6)
7.7(0.9)
7.6(0.0)
7.qo.9)
6.1(0.9)
6.4(0.0)
5.7(0.7)
5.1(0.?)

0.77(0.20)
0.52(0.17)
0.51(0.86)
1.16(0.25)
0.32(0.16)

-0.03(0.20)
0.05(0.20)
0.07(0.20)

-o.oqo.20)
0.61(0.20)
0.17(0.20)
0.34(0.20)

3.3(0.3)
3.6(0.4)
4.5(0.4}
4.6[0.5)
6.6(0.7)
6.3(0.6)
33.6(0.9)
6.7(0.9)
6.2(0.13)
9.7(1.0)
5.4(0.s)
6.4(0.6)

!3.~0.43$) 0.002(0.005} S.3[0.7) 0.43(0.20) 6.3(0.6)
0.003(0.02) 0.005(0.02) 2.5(0.5) 0.47(0.20) 4.qO.4)
0.003(0.02) o.olqo.02) 3.qo.5) 0.01(020) 4.qo.5)

0.02(0.02) 0.001(0.02) 3.qO.6) -0.lqO.20) 4.2(0.4)
0.03(0.02) 0.001(0.02) 4.2(0.6) 0.13(0.20) 4.9(0.5)

0.03(0.03)
0.06(?)

0.003(0.003)
o.iN75(o.oo5)

0.013(0.02)
0.006(0.010)
0.001(0.001)
0.003(0.002)
0.4302(0.001)

0.12(?)
0.002(0.002)
o.om(o.ooz)

0.01(0.01)
0.000(0.002)
0.000(o 002)

0.002(0.02)

0.002(0.02)
0.003(0.02)

0.007(0.003)
0.004(0.003)

0.03(0.03)
0.01(0.01)

O.lw(o.ool)
0.W2(0.001)
0.002(0.001}

0.13(?)
0.003(0.002)
0.001(0.002)
0.001(0.002)
0.002(0.002)
0.003(0 002)

0.02(0.02)

2.qo.5)
6.qO.6)
4.4(0.6)
5.5(0.7)
4.5(0.6)
5.qO.6)
5.1(0.7)
4.7(0.6)
5.2(0.~
5.2(0.7)
5.2(0.7)
5.4(0.7)
6.2(0.7)
4.8(0.6)
4.9(0.6)
4 8(0.6)

0.07(0.20)
0.47(0.20)
0.32(0.20)
0.16(0.20)
0.03(0.20)
0.31{0.20)
0.06(0.20)
o.2qo.2e)
0.1!3(0.20)
0.45(0,30)
0.25(0.20)
0.44(0.30)
0.66(0.30)
O07(0.20)
o 30(030)
0.43(0.20)

2.9(0.3)
5.3(0.5)
5.8(0.6)
5.9(0.6)
5.3(0.6)
8.qO.6)
5.qO.6)
5.6(0.6)
6.qO 6)
5.6(0.6)
5.9(0.6)
5.9(0.6)
6.6(0.6)
5 6(0.6)
5 6(06)
5 5(0.5)

5.ql .0)
4.4(1.0)
4.3(0.9)
4.1(1.0)
2.t(O.5)
e.q2.o)
4.2(0.0)

6.q2.0)
9.0(2.0)
&O(2.0}
6.q2.0)

16.q3.0)
2.7(0.6)
3.5(0.s)
2.qO.6)
5.ql .0)
9.q2.o)

11.q2.o)
8.q2.o)

12.q3.o)
13.ql .0)
6.q2.0)
2.3(0.5)
2.3(0.6)

1.2(0.3)
1.4(0.4)
1.qo.5)
1.qo.5)
1.4(0.4)
1.qo.4)
2.2(0.5)
1.7(0.4)
2.2(0.5)
1.5(0.4)
1.s(0.5)
1.7(0.4)
3.3(0.6)
2.7(0.6)
2 5(0.6)
2.3(0 6)

&&
2.2(0.3)
1.6(0.2)
1.9(0.3)
1.4(0.2)
1.7(0.2)
2.6(0.4)
2.0(0.3)

3.0(0.4)
4.7(0.5)
3.qo.4)
3.4(0.4)
5.3(0.6)
0.9(0.2)
1.5(0.2)
t .6(0.2)
2.0(0.3)
3.6(0.4)
4.2(0.5)
3.1 (0.4)

3.7(0.4)
1.5(0.3)
3.0(0.4)
1.2(0.2)
1.5(0.2)

0.8(0.2)
1.1(0.2)
1.2(0.2)
1.6(0.2)
1.1(0.2)
1.4(0.2)
1.3(0.2)
1.4(0.2)
1.2(0.2)
1.4(0.2)
1.3(0.2)
0.9(0.2)
2.4(0.3)
1.8(02)
1.9(0.2)
1 3(0.2)

A#&41

(pa/g)

aloo(2.7)
Q038(2.T)
aooq2.7)
27W2.’7)
0.001(’2.7)
0.014(3.7)
Qooq2.7)

0.003(2.7)
LM349(2.7)
o.mq2.7)
-M03(2.7)
-W303(2.7)
-4ilt4@.7)
-0.170(3.7)
-amq2.7)
.Lm&3(2.7)
-Llo3q3.7)
a130(3.7)
0.330(2.7)

o.om(2.7)
0.037(2.7)
W.22(2.7)
43024(2.7)
MM4(2.7)

LMIX7C3.7)
4iolti’3.7)
ao53(2.7)
aolw2.7)
ao19(2.7)
O.oiw.n
M32(2.7)
-o.m6(2.7)
allq3.7)
0.032(2.7)
0.006(2.7)

-ao48(2.7)
-0.009(2.7)
0200(2.7)
0.009(2.7)
o.om(2.7)

C# CsI 34 CS137
($:@ (@a) (pa/g) (pciigl

0.CMO(O.89) -0.027Q.1) 0.023(1.1) 0.570(1.8)
o.ml(o.s9) 0.15W2.1) -0.4B5(l.1) 43.001(1.8)
-o.mqo.89) 0.120(2.1) 0.036(1.1) 4MW.2.(1.8)
0.MO(Q89) o.26q2.1) -0.012(1.1) 0.140(1.13)
43.QO.89) -o.04q2.1) Im3m(l.1) .o.m.341.8)
~.011(0.39) -0.045(2.1) liOILX1.1) 43.0U241.8)
.o.013(o.a9) 4M3W2.1) 0.033(Li) 43.001(1.8)

0.062(0.89) 0.181x2.o -o.oo5(i.1) -o.mxl.8)
-0.017(0.69) 04347(2.1) 0.064(1.1) 4I.O1O(I.8)
aF33(o.w) 0.i90@i) 062i(i.i) .O.0iF3(i.8)
4.019(0.69) 0.024(2.1) -o.ooql.1) 0.075(1.8)
o.olqo.i39) lhOlq2.1) 0.026(1.1) 0.033(1.8)
0.C432(0.69) W71X2.i) -0.0L17(1.1) 0.065(1.8)
-0.013(0.89) o.07q2.1) -0.048(1.1) O.olql.a)
0.lX33(0.89) 0.17q2.1) 0.027(1.1) 0.015(1.8)
0.007(0.89) ao41(2.1) -0.013(1.1) 0.002(1.8)
0.004((289) 0.082(2.1) -o.o.wl.1) 0.007(1.8)
0.wLt89) Iillq2.1) LW07(1.1) 4uM241.8)
0.004(0.39) 12047(2.1) -0.002(1.1) .43.012(1.8)

0.000(0.89) 0.066(2.1) 0.031(1.1) 0.031(1.8)
-0.008(0.69) a14q2.1) 0.029(1.1) 4.m5(l.8)
.0.006 (1.30) 0.0S9(22) MQql.3) 0.053(1.8)
43.m3(o.89) -0.049(2.1) aoll(l.1) 0.OfEXl.8)
O.(nw(1.30) 0.031(21) -MI02(l.3) 0.028(1.8)

-43.011(0.59) 0.042(2.1) 0.047(1.1) 43.00241.8)
0.082(1.30) -o.ooq2.2) -0.026(1.3) 0.062(1.8)
.0.011(0.69) (L160(2.1) 0.05801) -0.W241.8)
-OJ170(L30) 0.051(2.2) 0.000(1.3) 0.018(1.8)
.0.002(0.69) 023q2.1) 0.052(1.1) 43.m3(l.8)
0.023(1.30) -o.mw) o.olqu) 0.024(1.8)
-0.004(0.69) o.17q2 .1) aooql.1) 0.037(1.8)
O.mq 1.30) ao25(22) o.o}ql.3) o.02ql.8)
4J.038(049) .o.024x2.1) 0.071(1.1) 4km7(i.8)
4.014(1.30) 4LIOO(2.2) o.rn3(l.3) 0.0.22(1.8)
4.032(0.89) 0.19C( 2.1) 0.4383(1.1) O.O(U1.8)
0.0-)7(1.30) o.oaq22) 0.00Z(I.3) 0.005(1.8)
o.mqo.89) 0.KW2.1) 0.033(1.1) 43.002(1.8)
O.mq 1.30) 0.041(2.2) 0.025(1.3) 0.OIU(I.8)
WW3(0.89) -0.014(2.1) 0.098(1.1) 0.004(1.8)
o.om(L30) (3.1lq2.2) 0.031(1.3) O.olu(i .8)

SC7.5

(Pew

0.U24(0.83)
0.OWO.83)
0.01Y3(0.83)
0.024(0.83)
0.002(0.83)
0.064(0.83)
0.002(0.83)

0.(NuJ(O.83)
0.049(0.83)
0.002(0.83)
-0.016(0.83)
0065(0.83)
-o.ooqo.a3)
O.130(0.83)
0.063(0.83)
4.035(0.83)
-0.030(0 83)
0.038(0.83)
o.olqo.83)

0.M16(0.83)
0.002(0.83)
4.ol@2.m)
0.050(0.83)
o.037(2-m)

0.019(0.83)
o.mqz.m)
o.m4(o.83)
43.006(2.00)
a.mi(o.83)
o.oo9(2.m)
0.053(0.83)
41.490(2.00)
0.000(083)
-o.o18(2.m)
0.046(0.83)
0.019(2.00)
0.076(0.83)
o.oo4(2m)
O.om(o.w)
-0.17q2.oo)

Y
m
z
-i

a Base otalluvium or pedwd watur at 36 n
b~OIT~~~ UIN lAal W317

c Base of TS+IIIKIWIMWWIWdl 118 II
d*W ~1OIM “M@XIJ twbw 1940



EXTENT OF SATURATION IN MORTANDAD CANYON

TABLE 6.2.2.2-III

Extractable Metals by EP Toxicity Procedur@ on Cores from Hole MCM-5.9A

Depth

..—

‘ ..,.
... .

.--

,.-.

4

9
14
19
24
29
34a

39
40
44
47
49
54
64
69
79
89
94b

99
:.2
104
109
114C

119
124
129
134
139
144
149
154
159
164
169
174
179
184
189
194~

/m
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010

0.010
0.010
0.010
0.010
0.010
0.010-.
0.010
0.610
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

As
0.003
0.002
0.002
0.002
0.002
0.002
“0.003

0!002
0.003
0.002
0.002
0.002
0.002
0.002
0,002
0.002
0.002
0.002

0.002
0.002
0.002
0.002
0.002

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
04002
0.002
0.002
0.002
0.002
0.002

RA
0.040
0.050
0.100
0.020
0.010
0.130
0.009

0.030
0.030
0.014
0.020
0.630
0.003
0,006
0.130
0.240
0.030
0.020

0.003
0.003
0.003
0.003
0.008

0.003
0.006
0.003
0.003
0.003
0.003
0.003
0.003
0.003
0.004
0.003
0.003
0.003
0.003
0.003
0.003

$x
0.030
0.030
0,030
0.030
0.030
0.030
0.030

0.030
0.030
0.030
0.030
0,030
0.030
0+030
0.030
0.030
0.030
0.030

0.030
0.030
0.030
0.030
0.030

0.030
0.030
0.030
0.030
0.050
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030

GE
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100

0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100
0.100

&
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.001
0.001
0.001

0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

EO
1.000
1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
t .000
1.000
i.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1,000

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

SE
0.001
0.001
0.001
0.001
0.001
0.001
0.002

0.003
0.003
0.002
0.001
0.001
0.002
0.002
0.001
0.002
0.001
0.002

0.001
0.001
0.001
0.001
0.001

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

a Base of alluviumor perofredwater at 36 ft.
b Base of Tshirage Unif 1A at 98 ft.
c Base of Ts*Owi Member at 118 ft.
d Base of OtOwimember bebw 194 tt. . . . .

. . . ..... ...
.. ..
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Page 76

,.,



,

-u
W

,2
-J
-1

.

.iABLE 6.2.2.2-N

Motd Scsn by ICPMS In Loacluto Irom Cores from lid. McM-5.9A

-uiL

4
e
t4
19
24
2@
34s

3e
40
44
47
49
54
64
6s
7$.5
79
69
Mb

Ml
102
104
109
114C

,,> 110
. . . 124,,, .

?.+; *29
134
139
i44
140
1S4
159
*O4
lee
174
t?e
184
189
w4d

Air
0.s
0.5
0.5
0.5
0.s
0.s
0.5

0.5
0.3
0.5
0.s
0.s
0.s
0.s
0.s
0.5
0.s
0.s
0.5

0.s
0.5
0.5
0.s
0.s

0.s
0.s
0.s
0.s
0.5
0.s
0.s
0.s
0.5
0.5
0.s
0.5
0. s
0.5
0.5
0.s

&
0.s
0.5
0.5
0.5
0.5
0.5
0.6

0.s
0.5
0.s
0.s
0.s
$.5

0.s
0.s
0.$
0.s
0.s
0.5

0.5
0.5
0.5
0.s
0.5

0.s
0.5
0.s
0.s
0.6
0.s
0.s
0.5
0.s
0.s
0.5
0.s
0.s
0.s
0.5
0s

Au
0.s
0.s
o
0
0
0
0

0
0,s
0.5
0
0
9
0
0
0
0.5
0.s
0.s

0.s
o
0
0
0

0
0
0.5
0.5
0.5
0
0
0
0
0
0.s
0.5
0.5
0.s
0.s
o

B
s
5
5
s
5
5
s

5
5
s
5
s
!!
5
s
5
s
5
s

s
s
5
5
5

5
5
s

:
5
5
5
5

:
5
5
s
5
s

m
lrJ
$$
8
5
4

2t
6

13
14
5.2

12
83

a
s

17
57
44
19
11

13
s

12
4
e

s
7
6.1
7.*
e. 1

10
13
13
1s
13
11
10
18
13
12
12

as
s
s
5
s
6
s
,5,

5
5
5
5
5
!!
5
s
5
5
5
5

5
6
5
5
3

5
s
s

:
s
s
s
s
s
s
s
s
s
s
s

m
0.5
0.s
0.s
0.5
0.s
0.s
0.s

0.s
0.s
0.5
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s

0.s
0.s
0.5
0.5
0.6

0.s
0.s
0.s
0.s
0.s
0.s
0.5
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.5
0.s

SidsriGi
0.s S.s 10.0
0 3.2 10
02 10.0
02 10.0
01 10.0
04 22.7
02 10.0

0 2.7 18.2
0 2.3 22.63
0.S 4.8 12.30
0 2.4 30.S3
o 7.3 5).0s
o 3.2 10
0 3.2 10
0 3.1 10.43
0 7.4 87.12
0.s 6.3 38.3s
0.s a 1s.22
0.s 4.3 10

0.5 3.1 13.19
04 11.4
06 14.s
04 10.0
0 4 ;1.2

0$ 10.0
02 10.0
0.s 2.s 10.0
02 10.0
0.S 2,5 10
02 10.0
02 10.0
02 10.0
02 10.0
02 10.0
0.5 1.8 10.0
0.s 2 10.0
02 10.0
0.s 2.6 10.0
0.s 2 10.0
02 3.7

Gil
0.s
0.s
0.5
0.s
0.5
0.s
0.s

0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.5
0.s
0.s
0.s

0.s
0.s
0.5
0.s
~.~

0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.s
0.5

fJGs Gum&
0.s o 0.S 0.62 0.S
0.s 0.s 0.s 0.5s 0.s
0.s o 0.s o 0.s
0.s o 0.s o 0.s
0.s o 0.!5 o 0.s
0.s o 0.s 1 0.s4
0.s o 0.s o 0.s

0.s o 0.s 0.6 0.s
0.s 0.5 0.s 0.76 0.s
0.s 0.s 0.s 0.$s 0.51
0.s 0.s 0.s 0.7 0.s
0.S 0.S 0.S 3.4 1.6
0.5 0.s 0.s 1.5 0.71
0.S 0.S 0.S 1.4 0.67
0.s 0.5 0.5 1.0 0.82
0.s 0.5 0.s 2.s 1.s
0.s 0.s 0.s 3.4 1.9
0.s 0.s 0.s 1.9 0.9s
0.5 0.s 0.s 1.1 0.62

0.s4 0.5 0.s 1.3 0.63
0.s o 0.s o 0.s
0.5 0 0.s o 0.s4
0.s o 0.s o 0.s
0.5 t? tl.s Q ~,~

0.s o 0.s o 0.s
0.54 0 0.s o 0.5
0.s o 0.s 0.5 0.s
0.s o 0.5 0.s 0.s
0.5 0.s 0.s 0.5 0.s
0.s o 0.s o 0.5
0.s o 0.s o 0.s
0.s o 0.5 0 0.s
0.s o 0.s o 0.s
0.s o 0.s o 0.s
0.s 0.5 0.s 0.5 0.s
0.s 0.s 0.s 0.s 0.s
0.s o 0.s 0.5 0.s
0.5 0 0.s 0.s 0.s
0.5 0 0.s o 0.s
0.s7 o 0.s o 0.5

EUE GiMLktIIMu Jok
0.s 2.s 0.s 1 0.s 0.5 0.5 0.s 0.5
0.s 2.s 0.s 0.s 0.5 0.5 0.5 0.5 0.5
OS 2.5 0.S 0.S 0.S 0.5 0.s 0.5 0.5
0.s 2.s 0.s 0.s 0.5 0.s 0.5 0.s 0.5
0.S 2.5 0.5 0.S 0.S 0.S 0.5 0.s 0.5”
0.s 3.15 0.s 1.3 0.s 0.5, 0.s 0.5 0.5
0.S S.75 0.S 0.67 0.S 0.S 0.5 0.5 0.5

0.S 6.1 0.5 0.76 0.5 0.5 0.5 0.s 0.5
0.s 8.4s 0.s 0.74 0.s 0.s 0.5 0.5 0.5
0.5 2.75 0.S 1.3 0.5 0.s 0.s 0.5 0.5
0.S 4.8S 0.S 0.6S 0.S 0.S 0.5 0.S 0.5
0.5 5.7s 0.s 2.s 0.5 0.5 0.s9 0.5 0.5
0.S 2.5 0.s 1.1 0.s 0,5 0.5 0.5 0.5
0.S 2.5 0.5 1.2 0.5 0.5 0.5 0.5 0.5
0.5 2.s 0.5 1.5 0.5 0.s o s 05 0.5
0.5 S.os 0.s 2.2 0,s 0.5 0.s 0.5 0.5
0.s 6.8s 0.s 3.1 0.S 0.5 0.72 0.5 05
0.5 3.7s 0.s to 0.5 0.5 0.5 0.5 0.5
0.s 2.8s 0.s 1.2 0.s 0.5 0.5 0.5 0 s

0.5 2.5 0.S 1.4 0.5 0.5 05 0.5 0,5
0.5 2.ss 0.5 0.s4 0.5 0.5 0.5 0.5 0 s
0.5 4.4s 0.s 1.2 0.5 0.5 0.s 0.5 0.5
0.5 2.s 0.s 0.71 0.s 0.s 0.5 0.5 0.5
0.5 2.5 0.S 0.64 0.5 0.5 0.5 0.5 0.5

0.s 2.s 0.5 1.s 0.s 0.5 0.5 0.5 0.5
0.s 2.s 0.s 0.s 0.s 0.5 0.5 0.5 0.5
0.s 2.s 0.5 0.5 0.s 0.s 0.5 05 0.5
0.5 2.s 0.s 0.s 0.s 0.5 0.5 05 0.5
0.5 2.s 0.s 0.5 0.s 0.5 0.5 0,5 0.s
0.S 2.5 0.S 0.54 0.5 0.S 0.S 0.S 0.5
0.5 2.s 0.s 0.5 0.5 0.5 0.5 0.5 0.5
0.5 2.s 0.s 0.s 0.s 0.s 0.5 0.5 0.5
0,s 2.s 0.s 0.s 0.s 0.s 0.5 0.s 05
0.s 2.s 0.s 0.5 0.s 0.s 0.5 0.5 0.5
0.5 2.s 0.5 0.s 0.s 0.5 0.s 0.5 0.5
0.s 2.s 0.s 0.s 0.s 0.5 0.5 0.5 0.5
0.5 2.5 0.S 0.5 0.S 0.S 0.5 05 0.5
0.5 2.s 0.5 0.s 0.5 0.5 0.5 0.5 0.5
0.s 2s 0.s 0.5 0.5 0.5 0.s 0.5 0.5
0.5 2.5 0.S 0.5 0.5 0.5 0.S O 5 0.5

a Oaae01AMum w perchedwabw’at33 IL
b2aaad Tsh~ageUINIlAai981L
cOasatMla@wviMa@kwal118fl
dwaa of OIOWIIIWN)M bdOW 134 Il.
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UOIN scan by

TABLE 6.2.2.2-IV (Contlrwod)

ICPMS In Lo~cluto from Cqo8 from Hoto MCM-5.9A

I
M_

4
e
14
19
24
29
Ma

30
40
44
47
49
54
64
60
71.5
79
89
Mb

99
102
104
100
$;e~

119
,!,,, 824

,,. 129
,,
~~; 134,,

430
144
140
154
159
164
160
$74
179
164
1%9
le4~

Ls
3.2
2.2
1.4
1.1
0.!45
3.6
1.s

2.4
2.7
4
2.7
6.7
2.5
2.2
2.8
4.8
6.2
5.3
2.4

3.5
2.4
3.s
2.1
2.7

3.8
1.5
1.2
1.4
! .4
1.5
1.s
1.1
1.3
1.2
1.1
1.1
1.5
1.3
1.2
1.3

f

s
S.o
S.o
S.o
5.0
5.0

5.0
s
s
S.o
S.o
S.o
5.0
S.o
so
s
5
s

s
S.o
S.o
S.o
Sri

5.0
S.O
5
5
s
5.0
5.0
5.0
5.0
5.0
s
s
s
5
s
5.0

Lu
0.5
0.s
o
0
0
0
0

0
;:;

o
0
0
0
0
0
0.5
0.s
0.s

0.5
0
0
0
0

0
0
0.s
0.s
0.5
0
0
0
0
0
0.5
0.s
0.5
0.s
0.s
o

h
S4
27
la
18
14
20
*7,

32
16
16
12
13
7
$
s

18
10
15
21

ts
18
17
15
23

22
10
14
Ii
10
12
21
13
10
20
17
20
32
24
22
28

m
0.5
0.5
0
0

:.
0

0
0.s
0.s
o
0
0
0
0
0
0.s
0.s
0.s

0.5
0
0
0
0

0
0
0.s
0.5
0.5
0
0
0
0
0
0.s
“0.s
0.s
0.s
0.s
o

Ml
0.5
0.s
o
0
0
0
0

0
0.5
0.s
o
0
Q
o
0
0
0.5
0.s
0.5

0.5
0
0
0
0

0

:.s
0.s
0,s
o
0
0
0
0
0.s
0.5
0.s
0.s
0.s
o

tid
3.8
2.7
1.9
1.3
$.3
S.o
2.2

3.3
4.1
&2
4.0
8.!4
~.@
4.0
4.s
7.1
S.s
6.8
3.s

4.8
3.3
S.o
3.4
3.s

6.5
1.7
1.5
1.6
1.8
t .e
1.7
$.?
1.4
1.5
1.2
i.r
1.7
1.7
1.4
1.7

M
0.5
0
0
0
0
0
0

0
0
0.s
o
0
~

o
0
0
0.5
0.s
0.s

0.5
2
0
0
0

0
0
0.s
o
0.5
0
0
0
0
0
0.s
0.s
o
0.s
0.5
0

lf$tpl
2.e

1:28 2.2
0 1.8
0 1.6
0 1.0
0 3.s
s 2.2

1s.3s 4.0
14.ss 3.4
*8.S 2.4
19.9s 2.1
19.6s 6.1
?.2 2

12.6 2.1
7.2 2.0
e.?s S.3
1.ss $0
0.934 5.s
0.565 4.0

24.4 6.4
3.s

% S.6
431 1.6

18 1.s

6 1.3
s o.@
S.13 1.0
4 0.9
4.88 1.e
3 1.2
2 1.2
2 1.3
0 0.9
1 1.0
1.19 1.0
0.93 t .3
1 1.a
0.938 1.1
0 12
0 1.4

Ed
0.5
0.5
0.5
0.s
0.s
0.5
0.5

0s
0.5
0.s
0.s
0.s
G.s
0.5
0.5
0.5
0.s
0.s
0.s

0.5
0.s
0.s
0.5
0.s

0.s
0.s
0.s
0.5
0.s
0.s
0.s
0.5
0.s
0.5
0.s
0.s
05
0.s
0.5
0s

Eli
6.64
6.07
7.12
7.43
7.1s
S.e
7.00

7.1
7.31
7.8
6.93
7.16
7.07
S.7S
6.S2
7.1
7 .2s
7.0s
7.06

S.4Q
6.S4
S.81
S.7S
S.66

7.1s
6.7S
6.8s
S.72
S.S6
6.S9
s.a3
6.S7
7.0s
6.92
6.43
7.e3
7.64
7.s6
7.s1
S.32

B

;.s
o
0
0
1
0

0
1.1
t .5
0.08
2.4
O.iii
0.9
0.97
1.@
2.1
1.6
0.7s

1.2
0
1
0
0

1
0
0
0
0.s4
o
0
0
0
0
0.s
0.s
o
0
0
0

Et
0.5
0.s
0.s
0.5
0.s
0.5
0.s

0.s
0.s
0.s
0.s
0.5
0.3
0.s
0.s
0.s
0.s
0.s
0.s

o. s
0.s
0.s
0.5
0.s

0.s
0.s
0.5
0.s
0.s
0.s
0.s
0.5
0.s
0.s
0.6
0.s
0.s
0.s
0.s
0.s

M
0.s
0.s
o
0
0
0
0

0.5
0.5
0.s
0.s
0.s
0.s4
0.6
0.5
0.77
0.75
1.2
1.3

1.3
0
t
o
1

0
1
1.2
1.4
1.8
1
1
1
1
t
t .s
1.s
2.2
*.7
1
1

m
0.5
0.s
0.s
0.5
0.5
0.s
0.s

0.5
0.5
0.5
0.5
0.s
0.5
0.5
0.s
05
0.5
0.5
0.5

05
0.5
0.s
0.5
0.5

0.5
0.5
0.5
0.5
0.5
0.s
0.5
0.s
0.s
05
0.s
0.5
0.5
0.5
0.s
0.s

flu
0.5
0.5
0.s
0.s
0.s
0.5
0.5

0.s
0.5
0.s
0.5
0.5
0.s
0.5
0.5
0.5
0.s
0.5
0.5

0.5
0.5
0.5
~.~
0.5

0.s
0.5
0.5
0.5
0.s
0.5
0.s
0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
0.5
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TABLE 6.2.2.2-IV (Continued)

Metal 6cm by ICPMB In Lo~ctwto Irom Coro8 trom Hot. MCM-5.9A

,,,
J

Depth

4
(1
S4
19
24
29
-a

30
40
44
47
49
54
a4
69
7*.5
79
89
$4b

99
102
$04
100
114C

119
124
129
134
t39
*44
149
154
159
te4
169
174
17e
184
180
le4d

iib
0.5
0.s
0.5
0.5
0.s
0.5
0.5

0.5
0.5
0.5
0.s
0.5
0.s
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
6.3
0.5
0.s

0.5
0.s
0.5
0.5
0.s
0.5
0.5
0.5
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.s

S2
5
6
5.0
5.0
S.o
5.0
5.0

5.0
6
5
5.0
S.o
5.0
5.0
5.0
5.0
5
5
5

5
5.0
5.6
5.0
5.0

5.0
5.0
5
5
5
5,0
5.0
5.0
5.0
5.0
5
5
5
5
5
5.0

Sio
0.s6
0.77
0
0
0
1
0

0
1
1.5
0
2
1
1
1
2
2.5
1.s
1.1

1.4
0
~

o
0

:
0.5
0.5
0.5
0
0
0
0
0
0.5
0.5
0.62
0.5
0.5
0

an
0.5
0.5
0
0
0
0 ‘
o

0
0.5
0.5
0
0
0
0
0
0
0.5
0.5
0.5

0.5
0
r?
o
0

0
0
0.5
0.5
0.5
0
0
0
0
0
0.5
0.5
0.5
0.5
0.5
0

ah
1.6 0.5
1 0.5
0 0
0 0
0 0

0
: 0

0 0
0.85 0.s
0.5 05
0 0
0 0
0 0
0 0
0 0
1 0
1.4 0.5
2.2 0.5
2.1 0.5

2.7 0.5
1 0
2 c
o 0
1 0

1 0
0 0
0.07 0.5
0.84 0.5
1.1 0.s
$ 0
1 0
1 0
1 0
1 0
1.9 0.5
2.s 0.5
2.@ 0.5
2.2 0.5
1.0 0.5
2 0

Ib
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.s
0.5
0.5
0.5

18
0.5
0
0
0
0
0
0

0
0
0.5
0
0
0
0
0
0
0.5
0.5
0.5

0.5
0
Q

o
0

0
0
0.5
0
0.5
0
0
0
0
0
0.5
0.5
0
0.5
0.5
0

Xb
0.5
0.5
0
0
0
0
0

0.78
0.63
1.5
0.5
9.3
2.6
2.4
3.2

10
7.1
3.1
1.5

2.2
2
2
1
1

)
o
0.5
0
0.64
0
0
0
0
0
0.86
0.6
1
0.89
1
0

n
5.0
5
5.0
5.0
5.0
5.0
5.0

5.0
5
5
5
5
5
5
5
5
5
5
5

5
5.1
5,0

5.0
5.0

5.0
S.O
5.0
5.0
s
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0

n
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
~,5

0.5
0.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Jill
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
0.5
0.5
0,5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.5
0.5
Q.5
0.5
0.5

0.5
0.6
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.6
0.s
0.5
0.5

U
o
0.5
0
0
0
0
0

0
0.5
0.6
0.5
1.5
0.57
0.74
1.4
2.1
2.4
1.1
0.50

1.5
0
@
o
0

0
0
0
0
0.5
0
0
0
0
0
0.5
0.5
0
0
0
0

Y
5
5
5.0
5.0
5.0
5.0
5.0

5
5
5
5
5
5
5
5
5
5
5
5

5
5.0
~.~
5.0
5.0

5.0
5.0
5
5.0
5
5.0
5.0
5.0
5.0
5.0
5
5
6.0
5
S.o
5.0

M
0.s
0.5
0
0
0
0
0

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
0.5

0.5
0
0
0
0

0
0
0.5
0.5
0.5
0
0
0
0
0
0.5
0.5
0.5
0.5
0
0

x
1.3
0.9
0.5
0.5
0.5
2.1
0.59

1.1
1.2
1.@
1
5
2.3
2.1
2.5
3.8
6.1
4.1
2.6

3.5
1.3
2.7
1.5
1.9

2.7
o,7e
0.5
0.6
0.77
0.74
0.85
0.79
0.81
0.62
0.65
0.64
0.66
0.79
0.66
0.69

Xbzo
0.5 2.2
0.5 2.5
0.5 0.72
0.5 1.4
0.5 066
0.5 .1.3
0.5 1.6

0.5 1.8
0.5 1.9
0.5 1.4
0.5 098
1.7 4.3
0.64 t.9
0.64 1.5
0.8 1.4
1.7 3
1.8 3.9
0.96 5.1
0.s7 5

0.87 4.3
0.5 4.4
Q.F3A 4.2
0.5 1.9
0.5 34

0.s 2.3
0.5 1
0.5 0.51
0.5 0.66
0.5 1.7
0.$ 1.4
0.5 1.3
0.5 1.2
05 0.82
0.5 2
0.s 0.61
0.5 2
0.5 t 4
05 19
0.5 1.5
0.5 $.4

a
0.5
0.5
0.s
0.5
0.5
0.5
0.5

0.5
0.s
0.5
0.5
0.5
0.5
0.5
05
0.5
0.5
05
0.5

0.5
0.5
0.5
0.5
0.5

0,5
0.5
0.5
05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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EXTENT OF SATURATION IN MORTANDAD CANYON

,.-. and deeper. Additional aliquots of the cores will be reanalyzed wilh additional chemicai separation to remove the

thorium interference and obtain better detection limits for the plutonium analyses.

,—.

The analyses for metals extractable by the EF}Toxicity method (Table 6.2.2.2-III) indicate that there are none of

the cores either above, in, or beneath the perched aquifer that exceed, or even approach the toxicity criieria.
-,

The metal scan of the acid Ieachate (Table 6.2.2.2-IV) is included as data that maybe useable in conjunction with
,--

contaminant transpotl modelling, or to gain insights on geochemical properties of the tuff. One qualitative

observation is that there appears to be less these metals available for leaching in cores taken from hole MCM-

5.9A than from MCM-5.1 at comparable depths. This maybe an indication of differences in weathering induced

by the presence of moisture from the perched aquifer.

,—

..-.

...-

,..-

.-.—.

,..

.-.

----

,...

The perched aquifer has contained high concentrations of chlorides and nitrates at times from the treatment

plant effluent. Chloride and nitrate behave in solution in the perched aquifer much as does tritiated water. Their

behavior in the unsaturated media is not understood; however, chloride and nitrate concentrations vary

considerably and are generally higher in the :saturated allucvum to a depth of 114 ft in the tuff (Table 6.2.2.2-IV).

., ....

6.2.2.3.’ Cores from MCC-8.2

The analytical results for cores from MCC-6.2 are presented in three tables as follows:

Table 6.2.2.3-1Tritium and Gravimetric Moisture in Cores from Hole MCC-8.2

Table 6.2.2.3-II Radiochemical Analyses of Cores from Hole MCC-8.2

Table 6.2.2.3-Ill Metal Scan by ICPMS in Leachate from Cores from Hole MCC-6.2

The gravimetrii moisture and tritium concentration resufts (Table 6.2.2.3-i) are presented graphically in Fiiure

6.2.2.3-1. The figure indiiates the depths for the saturated zone, and the interfaces between the Tshirege Unit

1a, the Tsankawi, and the Otowi members as determined from the geolo@c logs. The moisture content is

relatively constant less than 10% (gravimetrii) through the 49 foot depth in the alluvium, then rises starting at 52

foot depth (about 7 feet above the saturated zone). The gravimetric moisture content decreases slightly

through the 8 foot thickness of the Tshirege Unit 1a (depths 76 to 64 feet). Then it generally increases through

the Tsankawi member and peaks at the contact with theOtowi(104 fod depth). The gravimetric moisture then

decreases to the 12-14°/0range by the 134 foot sample and remains relatively constant to the 179 foot depth..: .:........
.

Page 81



EXTENT OF SATURATION IN MOFITANDAD CANYON

The samples at 125 and 184 foot depth show an apparent increase, but the reliability of these samples is

somewhat suspect because some water was observed leaking into the inside of the hollow stem auger and

_-. coufd have introduce some moisture and higher concentrations of tritium from the saturated zone.

The tritium concentration (in water extracted from the core) reaches a peak concentration in the saturated zone.-

(about 300 nCiiL) and then decreases by a factor of about 5 (to 63 nCi/L) near the base (depth 99 feet) of the

Tsankawi member. The lowest tritium concentrations correspond with the hghest moisture contents, in fashion—.
similar to that observed in holes MCM-5.1 and MCM-5.9A, though the effect is not as extreme. in the Otowi

member, the tritium concentrations generally increase with a broad maximum between 129 and 154 foot depth
.-

and then start to decrease down to a depth of 169 feet. As noted above, the last four data points are somewhat

suspect and may or may not show an actual increase in apparent concentration. Down to a depth of 169 feet,

,.- the shape of the tritium concentration curve is similar to that observed in hole MCM-5.9A.

The radiochemical results (Table 6.2.2.3-II) @cficatethat, to the degree permitted by the detection limits of ther-

analytical processes, there is apparently no movement beneath the perched aquifer at the focation of hole MCM-

8.2 of plutonium, americium, cesium, strontium, or other isotopes that would be detectable by gross gamma,

gross alpha or gross beta measurements. None of the plutonium measurements, not even those in the..

saturated zone (i.e. 64 and 74 foot samples), show any plutonium-239 at the detection limit for the method
-.

(0.002 pCi/g) or greater than twice the standard deviation of the measurement. Only one plutonium-238

measurement (at 179 feet) was above the detection limit, but there is no reason to believe it is other that a

-..., statistical outlier, and in the context of the pattern of measurements does not likely represent any real

contamination. The Americium measurements are uniformly reported at about 1.5 times the normal detection

limit fo~the method (0.002 pCi/g) or about three times the standlard deviation of the individual measurements.,-.

is also necessary to consider that the Americium measurement is more subject to dfl.kulty because of the

presence of natural thorium, and therefore the measurements do not Iiiely show any actual movement of
.-

contamination.

It

.-,
The metal scan of the acid Ieachate (Table 6.2.2.3411)is included as data that maybe useable in conjunction with

contaminant transporl modeliing, or to gain insights on geochemical properties of the tuff.’ One qualitative

obsetvatiin is that there appears to be less of these metals available for leaching in cores taken from hole MCM-

8.2 than from MCM-5.1 at comparable depths. This maybe an indication of differences in weathering induced by

the presence of moisture from the perchecl aquifer..- .
. . . .

.: %.,.
...
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EXTENT OF SATURATION IN MORTANDAD CANYON
,

,--- iABfk 6.2.2.3-1

Tritiutm and Gravimetric Moisture in Cores from Hole MCC-8.2
,...

-.

.-.

, .,

----

. . .

. ..

.

13eptha
m
4
9

14
19
24
29
34
39
44
49
52
54
59
64
64.
69
74C

79
84
84,d

89
94
99

104@

109
114
114.
119
124
129
134
139
144.
144.
1.49
154
159
184
164.
169
174
179
184
184)

TrithJn+>.-.. . 4.. A
Lwlr!LA

().6
1.8
0.2
0.3
0.2

-0.1
0.2
0.0
0.1
0.0
0.0
!5.5

220.0
310.0
240.0
280.0
210.0

220.0
120.0
130.0
210.0

64.0
63.0

140.0

74.0
81.0
76.0
7’9.0
87.0

160.0
110.0
120.0
120.0
120,0
1:;0.0
1:?0.0
1“10.0

96.0
!32.0
[38.0

1’10.0
100.0
150.0
160.0

~
0.3
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.7

20.0
30.0
20.0
30.0
20.0

20.0
10.0
10.0
20.0

6.0
6.0

10.0

8.0
8.0
8.0
8.0
9.0

20.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
9.0
9.0

10.0
10.0
20.0
20.0

H20
,-4

11.3
4.6
4.7
1.7
3.7
3.9
6.3
2.9
5.2
8.2

22.4
14.7
21.7
20.1
22.0
23.0
21.3

17.3
20.5
21.1
27.3
19.8
26.7
31.0

17.2
17.4
15.8
17.9
17.4
25.2
14.7
13.8
13.6
12.5
13.4
12.8
14.2
13.9
12.2
14.3
16.7
14.2
19.7
23.1

ZaJL
1.1
0.4
0.5
0.1
0.4
0.3
0.6
0.3
0.5
0.8
2+2
1.5
2.2
2.0
2.2
2.3
2.1

1.7
2.1
2.1
2.7
2.0
2.7
3.1

1.7
1,7
1.6
1.8
1.7
2.5
1.5 “.
1.4
1.4
1.2
1.3
1.3
1.4
1.4
1.2
1.4
1.7
1.4
2.0
2.3

a Deoimal folbwing number irkdiites duplicate sample analyzed at dflerent time.
bT~~m = t~iated water in ~~ture di~il[ed from @res, detection fimit0.7 nc~

.-.,
c Base of alluvium or perchet3 water at 76 ft.

d Base of Tshirege Unit 1Aat84ft. . .
-“: :=..-.e Base of Tsankowi Mentwr at 104 ft.

f Ease of Otowi Member beiow 184 ft.
... .,

---
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TABLE 6.2.2.3-II

Radlochemical Analyeses of Cores from Hole WX-%2a

04
14
24
34
44
54
64
74b

,.,.< 94‘.;.
,, 104d,:‘,: :,,

114
124
134
144
154
164
174
179
194@

&
0.6(0.3)
0.2(0.3)
0.2(0.3)
0.2(0.3)
0.1(0.3)
5.5(0.7)

310.0(30.0)
210.0(20.0)

120.0(10.0]

64.0(6.0)
140.ql 0.0)

81 .0(8.0)
87.0(9.0)

110.0(10.0)
120.0(10.0)
120.0(10.0)

96.0( 10.0)
110.0(10.0)
100.0( 10.0)
150.0(20.0)

0.014(0.062)
0.102(0.095)
0.001(0.060)
0.174(0.100)
0.071(0.084)
0.092(0.096)
0.063(0.083)
0.125(0.096)

0.000(0.000)
0.002(0.001)
0.001(0.001)
0.001 (0.001 )
0.001(0.001)
0.001(0.000)
0.001(0.001)
0.000(o.ool)

0.207(0.094) 0.002(0.001)

0.056(0.090) 0.001(0.001)
0.1 70(0.088) 0.000(0.000)

0.1 79(0.099)
0.065(0.062)
0.185(0.110)
0.038(0.063)
0.083(0.1 08)
-0.032(0.062)
0.226(0. 100)
0.133(0.066)
0,035(0.095)

0,000(0.000)
0.000(0.000)
0.000(0.000)
0.000(0.001)
0.000(0.000)
0.000(0.001)
0.001(0.001)
0.005 [0.001)
0.001(0.001)

pU23Q

fDGi@

0.001(0.001]
0.001 (0.001 )
0.001(0.001)
0.000(0.001 )
0.002(0.001)
0.001 (0.000)
0.000(0.001)
0.000(0.000)

0.001(0,000)

0.001(0.001)
0.002(0.001)

0.001(0.000)
0.000(0.000)
0.001(0.000)
0.000(0.000)
0.000(0.000)
0.001(0.001)
0.001(0.001)
0.001(0.001)
0.002(0.001 )

Am241

fRGi@

0.020(0.GI 1j
0.030(0.01 1)
0.034(0.084)
0.013(0.010)
-0.004(0.008)
0.009(0.009)
0.021 (0.010)
0.020(0.010)

G.W4(G.012)

0.057(0.014)
0.030(0.012)

0.030(0.01 1)
0.030(0.01 1)
0.030 [0.012)
0.037(0.012)
0.032(0.013)
0.055(0.014)

0.004(0.001)

&
-G.03qo.430)
-0.186(0.250)
-0.223(0.260)
-O.180(0.230)
-0.060(0.230)
-0.050(0.246)
-o. 120(0.220)
0.057(0.190)

!!.: oqo.220)

0.070(0,260)
0.1 30(0.280)

0.060(0.330)
0.080(0.340)

-0.050(0.440)
-0.110(0.340)
0.250(0.190)
0.090(0.220)

-0.090(0.280)
0.680(0.526)
0.513(0.563)

&
4.2(0.4)
4.2(0.4)
2.8(0.3)
4.2(0.4)
2.5(0.3)
4.4(0.4)
4.3(0.4)
6.4(0.6)

4.5(0.5)

5.7(0.6)
5.7(0.3)

5.9(0.6)
5.9(0.6)
5.4(0.5)
6.0(0.6)
5.9[0.6)
6.6(0.7)
7.0(0.7)
6.2(0.6)
6.2(0.6)

5.2(0.!3)
5.5(0.7)
2.5(0.4)
5.6(0.7)
2.5(0.4)
5.9(0.7)
5.8(0.7)
6.3(0.7)

5.6(0.7)

7.1(0.8)
8.1(0.9)

-2.6(0.4)
7.2(0.6)
7.2(0.8)
7.1(0.8)
6.1(0.7)
7.6(0.9)
8.2(0.9)
7.1(0.8)
7.4(0.8)

a standard Deviation of radioactivity counting statistics shown in parenthesis
b Base of alluvium or perchedwaler d 76 ff.

c Base of Tshirege Unit 1A at 84 ft.
d ~ of Ts~owi f&m~r at 104 ff.

e Base of Olowi fvfember below 164 ft.
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Depth

04
14
24

2
In

34

a 44
01 54
ul 64

w

““. 94.+
? ‘; 104C

114
124
134
144
154
164
174d

TABLE 6.2.2.3-III

Ustal Span by ICPMS hi Leachate from Cores from Hole MCC-8.2

&Aa

1.0 1.0
1.0 .16.0
1.0 1.0
1.0 15.0
1.0 1.0
1.0 1.0
1.0 17.0
1,0 15.0

1.0 5.4

1.0 1.0
1.0 6.4

1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 1.0
1.0 3.$

Au

1.0
3.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0

1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0

n i5RB.Q ai

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

1.0 10 1.0
16.0 65 4.2

1.0 10 1.0
23.0 59 1.1

1.0 10 1.0
2.0 10 1.0

36.0 4? 3.3
35.0 51 1.3

100.0 23.0 48 2.7

160.0 6.0 67 1.0
100.0 5.0 56 1.0

100.0 1.0 10 1.0
100.0 1.0 10 1.0
100.0 1.0 10 1.0
100.0 1.0 10 1.0
100.0 1.0 10 1.0
100.0 1.0 10 1.0
100.0, 5.2 40, 1.0

&

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0

1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0

Gd!a G9Gi Qi

1.0 1.0 1.0 1.0 1.0
1.0 4,6 3.4 4.9 2
1.0 1.0 1.0 1.0 1.0
1.0 3.2 1.1 3.9 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 13.0 1.7 12.0 1.0
1.0 15.0 1!9 13.0 1.0

1.0 9.6 2.5 11.0 1.0

1.0 1.4 1.0 6.8 1.0
1.0 2.7 1.0 3.7 1.0

1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 t.o
1.0 1.2 1.0 2.8 1.0

GuRK&

1.0 1.0 1.0
13.0 1.0 1.0

1.0 1.0 1.0
1.5 1.0 1.0
1.0 1.0 1.0
$.0 1.0 1.0

13.0 1.7 1.6
21.0 1.5 1.0

14.0 1.0 1.0

6.4 1.0 1.0
15.0 1.0 1.0

1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0

13.0 1.0 1.0

EM

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0

1.0
1.0

1.0
1.0
1.0
1.0
1.0
1.0
1.0

Es

24.0
2.0

34.0
1.2
2.8

62.0
9.1

9300.0

6000.0

1200.0
1900.0

1.0
1.0

15.0
1.0
1.0
1.0
1.0

1.0
4.0
1.0
3.8
1.0
1.0
9.0
8.1

7.1

3.6
4.3

1.0
1.0
1.0
1.0
1.0
1.0
1.2

a Basa d alluviumw pafchad walof al 76 ff.
b Bssa d Tshiraga UNt 1A at 84 fl.

c Bssa 01 Taa@mw k-nbw at lcM fi.
d Basa of C)KRMMsmbar baICM174 h.
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TABLE 6.2.2.2-III (Continued)

M@al Scan by ICPMS In Leachate from Cores from Hole MCC-8.2

Depth

Gd Ga HI Hg Ho I

04 1.0 1.0 1.0 10.0 1.0 1.0
14 1.5 2.5 3.1 10.0 1.0 4.5
24 1.0 1.0 1.0 10.0 1.0 1.0
34 1.0 1.1 2.6 10.0 1.0 27.0

$ 44 1.0 1.0 1.0 10.0 1.0 1.0
(cl 54 1.0 1.0 1.0
Q

10.0 1.0 1.0

Cro
64 3.1 1.0 2.4 10.0 1.0 8.6

0)
74a 3.2 1.0 1.0 10.0 1.0 14.0

;,., 94
104C

,,,
1’,,

114
124
134
144
154
164
174~

2.7 1.0 3.2 10.0 1.0 13.0

1.0 1.2 1.0 10.0 1.0 10.0
1.0 1.3 1.0 10.0 1.0 10.0

1.0 1.0 1.0 10.0 1.0 1.0
1.0 1.0 1.0 10.0 1.0 . 1.0
1.0 1.0 1.0 10.0 1.0 1.0
1.0 1.0 1.0 10.0 1.0 1.0
1.0 1.0 1.0 10.0 1.0 1.0
1.0 1.0 1.0 10.0 1.0 1.0
1.0 1.0 1.0 10.0 1.0 4.0

k La LI LU Mn MO Nb Nd Ni Pb Pd Pr PI Rb

1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0

1.0
1.0 16.0 1.0 28.0 18.0 1.6 1.4 52.0 2.1 2.9 1.0 1.0 7.6

1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0

1.0 1.0 1.0 1.0 1.0
10.0 1.0 19.0 15.0 1.0 1.0 16.0 1.7 1.2 1.0 1.0 4.8

1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.7 1.0 1.0 1.0 1.0 1.0
1.0 5.0 31.0 1.0 86.0 16.0 4.3 6.2 77.0 3.4 1.0 2.0 1.0 21.0
1.0 5.0 25.0 1.0 97.0 15.0 4.1 6.1 66.0 3.3 1.4 1.8 1.0 17.0

1.0 2.5 29.0 1.0 56.0 34.0 6.3 5.6 51.0 1.9 2.5 1.5 1.0 14.0

1.0 1.0 13.0 1.0 23.0 3.5 1.4 2.1 24.0 1.0 1.0 1.0 1.0 6.5
1.0 1.0 16.0 1.0 35.0 14.0 1.1 1.6 35.0 1.2 1.0 1.0 1.0 16.0

1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0

1.4
1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1

1.0 1.0 10.0 1.0 1.5 1.0 1.0 1.0 3.9 1.0 1.0 1.0
1.0

1.0 2.1
1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.1

1.0 1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1.0

1.0 1.0 1.0
1.0 10.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.2

1.0 1.0 23.0 1.0 10.0 4.4 1.0 1.0 12.0 7.7 1.0 1.0 1.0 24.0

a B&w d alluvium or parchad waier al 76 Il.
b Baaa d Tahirage Unit 1A at 84 It.
CBaaad Taankowi Mambar at 104fl.
dBasa@C)mwi ~mbar~ 174 H.

I
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TABLE 6.2.2.3-III (Continued)

M@ Scan by lCPMS in Leachate from Cores from Hole MCC-8.2 I

Depth
Y

JIIl 2

Esmalsll SIISmsna Is IRIlllln Iin Yw YMZZRZL I $

04 1.0 1.0 1.0 1.0 1.0 1.0 1.0
14 1.0 1.0 2.0 2.1 22.0 1.0 8.5
24 1.0 1.0 1.0 1.0 1.0 1.0 1.0
34 1.0 1.0 1.4 1.0 43.0 1.0 1.9

-o 44 1.0 1.0 1.0 1.0 1.0 1.0 1:0

%
54 1.0 1.0 1.0 1.0 1.0 1.0 1.0

@ 64 1.0 1.0 1.0 1.0 1.0 1.0 4.2

m 74a f,~
4

1.0 1.0 1.0 4.0 1.0 3.5

S@ 1.Q 1.0 1.0 1.0 30.0 1.0 5.2

3.0
33.0

1.4
100.0

1.0
2.8

10.0
13.0

6.4

..l ;.6 ;.gn 1.0 1.6
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.0
1.0 1.0 1.8
1.0 1.0 1.6

1.0 1.0 1.8

3.4
91.0

4.1
110.0

3.0
7.6

470.0
470.0

380.0

!,Q *.Q !.$ 1.8 1.0 1.0
1.0 1.0 51.0 14.0 5.1 1.0
1.0 1.0 1.6 1.0 1.0 1.0
1.0 1.0 66.0 5.5 3.8 ~.o
1.0 1.0 1.6 1.0 1.0 1.0
1.0 1.0 2.8 1.0 1.0 1.0
1.0 1.0 63.0 5.1 10.0 1.0
1.0 1.0 46.0 17.0 7.2 1.0

1.0 1.0 32.0 31.0 6.0 1.0

2.9
120.0

2.9
39.0

2.5
12.0

100.0
7B.O

65.0

1.0
7.3
1.0
4.6
1.0
1.0

23.0
24.0

25.0

94 1.0 1.0 1.0 1.0 85.0 1.0 1.3 1.6 1.0 1.0 1.0 1.0 1.0 1.0 11.0 3.1 1.8 1.0 42.0 3.7
.“’ I04C 1.0 1.0 1.0 1.0” 62.0 1.0 2.4 4.5 1.0 1.0 1.0 11.0 1.0 1.0 6.6 9.7 2.0 1.0 54.0 5.7

*;?:
.: 114 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 3.3 1.0

124 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.6 1.0

134 1.0 1.0 1.0 1.0 1.4 1.0 1.0 1.0 1.0 1.0 1.0 1.3 1.0 1.0 1.0 1.0 1.0 1.0 6.8 1.0
144 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.8 1.0

154 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

164 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 2.2 1.0
t 74d t.o 1.0 1.0 1.0 8.3 1.0 1.1 25.0 1.0 1.0 1.0 11.0 1.0 1.0 1.0 5.5 1.0 1.0 110 3.7

a Baaa d alluviumor pwchad waler at 76 H.
b &aad Tahirage UrrH1A at841t.
cBaaaaf Taankow4Mambar at 104 It. Id8aaadCHrMMambar batcw 174 ft.
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6.2.2.4. Cores from SIMO-1

The analytical resutts for cores from SIMO-1 are presented in two tables as folbws:

Table 6.2.2.4-1 Tritium and Gravimetdc Moisture in Cores from Hole SIMO-1

Table 6.2.2.4-II Rad@emicai Analyses of Cores from Hole SIMO-1

The gravimetric moisture and tritium concentration results (Table 6.2.2.4-!) are presented graphwally in Fgure

6.2.2.4-1. The figure indites the depths of the contact between the Tshirege Unit 1a, the Tsankawi, and the

Otowi members as determined from the geologic logs. The hole encountered no patched water and the

alluvium appeared as badly weathered tuff of Tshirege Unit 1A. Weathering of the upper 11 fe of Thsirege Unit

1A is the result of normal precipitation, and there is no indication of a perched aquifer as present or in the past.

The moisture content is relatively constant through the weathered tuff of Tshirege Unit 1a in a range of 4 to 8

percent (gravimetric). Just below the contact with the Tsankawi (47 feet) there is a dip to about 3 percent in the

49 foot sample. The gravimetric moisture content increases in the Tsankawi to a maximum of about 9 percent,

and then decreases to about 4 percent near the contact with the otowi member (64 feet). It decreases further in

?he,?opfew.feet of the Otowi to about 2 percent (69 foot sample) and then generally varies between 9 and 19

pe&nt from 64 to 104 feet. The data suggest that the gravimetric rmisture content is relatively constant after

penetrating about 30 feet of the Otowi member, as was observed in holes MCM-5.9A and MCM-8.2. The

gravimetric moisture content here is slightly lower than observecl in either of those holes.

The radiochemical results (Table 6.2.2.4-II) indicate that, to the degree permitted by the detection limits of the

analytical processes, there is apparently no measurable plutonium, cesium, or other isotopes that would be

detectable by gross gamma, gross alpha, or gross beta measurements beneath the surface at the location of Hle

SIMO-1. A few of the plutonium measurem~nts show values above the general detection limit for the method

(0.002 pCi/g) and greater than twice the standard deviation of the individual measurement. Only one plutonium-

238 measurement (at 9 feet) and one plutonnium-239 measurement (94 feet) exceeded three times the

standard deviat”nn of the individual measurements. However, in the context of the pattern of measurements,

there is no reason to believe these values are other than statistical outliers, and do not likely represent any real

transport of contamination.

Data from routine monitoring has never shown any indication of surface water transport to or past the boundaty

either, as previously discussed in Section 3.3 and as shown in the special study reproduced in Appendix 8.2..,. ..:. ;..a.:,..
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Tritium

.. . .

TABLE 6.2.2.4-1

and Gravirnetrlc

Depth
U

4
9

14
19
24
29
33
39
~b

49
54
59
64C

69
74
79
64
89
94
99

104d

Moisture in Cores from Hole SIMO-1

Moisture

4.5
4.0
6.0
7.7
5.7
6.1
5.3
7.0
6.1

2.8
6.8
3.9
4.1

2.3
7.9
7.3

11.2
10.3
19.2

9.3
9.4

H.3a

fmi!u

1.6
1.4
1.1
0.4
0.2
0.6
0.0
-0.1
0.3

0.2
0.2
0.1
0.0

-0.2
0.1

-0.2
-0.4
-0.1
-0.2
0.3
0.0

a Tritiim as iritiited water in moisture diatilladfrom @Xe samples, d9tSCtiOnlimit0.7 nCi/L
b ~~e of Tsfi@e Unil 1A at 47 ft.

CBase of TsarkUwi MenWr at 64 R
d B~e of -l Me-r @k}w 104 ft.

. ...’ ., .....
e..
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Table 6.2.2.4-II
I

Radiochemical Analyses of Core Samples from Hole SIMO-I
I

I

&
1.6(0.3)
1.4(0.3)
1.1(0.3)
0.4(0.3)
0.2(0.3)
0.6[0.3)
0.0(0.3)

-0.1 (0.3)
0.3(0.3)

0.2(0.3)
0.2(0.3)
0.1(0.3)
0.0(0.3)

-0.2(0.3)
0.1(0.3)

-0.2(0.3)
-0.4(0.3)
-0.1 (0.3)
-0.2(0.3)
0.3(0.3)
0.0(0.3)

‘&137

UiGiAJ

p“238

f12GW

pu239

fLIG@

Gross
Beta

QQ.i@

u Alpha
lQQ!91

0.043(0.077)
0.347(0.135)
O.124(0.079)
O.185(0.126)
0.161(0.081)
0.243(0.133)
0.128(0.081)
0.043(0.116)
0.032(0.085)

2.7(0.5)
4.0(0.6)
4.0(0.6)
4.4[0.6)
4.0(0.6)
4.0(0.6)
4.8(0.6)
2.9(0.5)
3.9(0.6)

0.001 (0.001 )
0.008(0.001)
0.000(0.000)
0.002(0.002)
0.000(o.ooo)
0.002(0.001)
0.000(0.001 )
0.000(0.001)
0.006(0.006)

0.002(0.001)
0.003(0.001)
0.002(0.001 )
G.ool;o.t?ol;
0.002(0.001 )
0.003(0.002)
0.006(0.006)
0.002(0.001)
0.001(0.001)

2.2(0.2)
2.9(0.3)
4.6(0.5)
4.5[0.4)
4.1(0.4)
3.6(0.4)
3.9(0.4)
3.9(0.4)
4.0(0.4)

3.7(0.8)
6.0(1.0)

14.0(3.0)
14.0(3.0)

10.0(2.0)
13.0(3.0)

9.0(2.0)
9.0(2.0)
8.0(2.0)

1.4(0.2)
2.1(0.3)
5.5(0.6)
5.9(0.7)
5.4(0.6)
5.0(0.6)
4.0(0.5)
2.9(0.4)
3.3(0.4)

4
9
14
19
24
29
33.5
39
44b

49
54
59
64c

,,,
,1’”
,~ 69
*. 74

79
84
89
94
99
l~d

-0

8
(D

O.150(0. 126)
0.057(0.079)
0.119(0.119]
0.084(0.078)

2.4(0.5) 0.000(0.000)
6.7(0.8) 0.001(0.000)
4.0(0.6] O.GO1(0.000)
3.7(0.5) 0.003(0.001)

0.000(0.001)
0.001(0.001)
0.002(0.001 )
0.002(0.001)

1.6(0.2)
5.4(0.5)
2.8(0.3)
2.8(0.3)

2.7(0.6)
7.0(2.0)
4.1(0.9)
5.0(1 .0)

2.0(0.3)
3.1(0.4)
1.5(0.2)
1.7(0.2)

I

0.147(0.117)
0.107(0.081)
0.202(0.132)
-0.077(0.080)
0.189(0.120)
O.102(0.079)
0.080(0. 118)
0.004(0.086)

1.8(0.4)
7.0(0.8)
5.6(0.7)
7.1(0.8)
4.1(0.6)
5.0(0.6)
3.9(0.6)
5.3(0.7)

0.000(0.000)
0.001(0.001)
0.001(0.000)
0.001(0.000)
0.000(0.000)
0.000(0.000)
0.000(0.010)
0.000(0.010)

0.001(0.001)
0.001 (0.001 )
0.001(0.001)
0.001(0.001)
0.001(0.000)
0.004(0.001 )
0.003(0.001)
0.001(0.001)

1.5(0.2)
6.7(0.7)
5.9(0.6)
6.3(0.6)
3.9(0.4)
5.6(0.6)
5.6(0.6)
5.5(0.5)

3.0(0.7)
6.0(2.0)
7.0( 1.0)
8.0(2.0)
9.0(2.0)
3.7(0.8)
3.1(0.7)
2.4(0.6)

1.2(0.2)
2.7(0.3)
2.2(0.3)
3.5(0.4)
3.1(0.4)
1.8(0.2)
1.6(0.2)
1.6(0.2)

aTriliatedwaterdistilledfromcore samgia

b 8ase ofTshiregeUnit 1Aat 47 ft. -
C&UWOf TsamQwviMamberal 64 ft.
d Base of Otowi Member below 104 Ii.
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6.3 Hydrologic Properties of Tuff

... Basic physical and hydrologic properties of Cme samples from holes MCM5.1 and MCM-5.9A selected for

hydrobgic propedy testing are summarized in Section 6.3.1. A summary of the depth distributions of volumetric

,.—.. moisture, percentage of saturation and saturated hydraulic conductivities are presented in Section 6.3.2

6.3.1 Hydrologic Property Data for Cores from Hoies MCM-5.1 and MCM-5.9A
-.

The Hydrologic Testing Laboratory completed laboratory analyses of core samples from holes MCM-5.1 and
-...

MCC-5.9A as summarized in Tabie 6.3-1. Tables 6.3-II thro@h W3Wil summarize the results of specified tests.

Laboratory worksheets and graphical plots c)fdata (where appropriate) are contained in Appendices 8.8-A

,..--. through 8.8-G. Appendix 8.8-H references methods used in these analyses.

,--,. Appendii 8.8-1details the Quality Assurance and Quality Control Program. This appendii gives an ovewiew of

the program, folbwed by specific requirements for sample handling, data analysis, report view, and program

implementation.
—

‘..,, $
-.

Test results on samples from holes MCM-5.1 and MCC-5.9A have been tabulated and illustrated in the attached

tables and pbts. In general, intact MCC-5.9A samples yiekfed lower density (h~her porosity) values than

samples from the same Bandelier Tuff subunits found in hole MCM-5. 1. This maybe due to a number of factors,

,-.. including spatial variaWy of hydraulic propedies and/or sample distutiance occurring during any combination of

the following activities: ‘@ring, handling, shipping, and storage. Measurements of sample diameter made during

Phase I testing of MCM-5.1 samples suggest that some degree of expansion of samples may have occurred-.

between the time they were collected and delivered for analysis,, Samples from MCC-5.9A are approximately

0.15 cm larger in diameter than samples from MCM-5.1. These dtierences suggest that samples from MCC5.9A
-...,

may have expanded (as a result of “unloading) during storage, because samples from both holes were obtained

with equivalent core barrels and cutting shc}es.
.- .

Water content data for cores from both MCC-5.9A and MCM-5.l suggest that a nearly saturated perched zone

exists near the Tshirege-Tsankowi contact. (Water potential data near this contact are not completely consistent

with water content data. However, greater reliance is generally not placed upon psychrometer readings above

-. potentials of approximately negative three bar.)

. ..; ”-’
:. ~x ...

...
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Air permeabiiities are summarized in Table 6.3-V. Permeabilities were measured at one and five bafs negative

potential. Unexpectedly, measured permeability did not increase significantly from one to five bars negative

potential. Air permeability can afso be estimated from hydraulic conductivity (Table 6.3-V). Estimated and

measured permeabilities are of similar magnitude.

N and alpha parameters calculated from equilibrium measurements agree well with parameters obtained from

one-step outfbw data (Tables 6.3-VI-A and 6.3-VI-B vs. Tables 6.3-VII-A and 6.3-VII-B). One-step outfbw alphas
. .

tend to be slightly smaller than the estimate obtained from equilibrium measurements. One-step N values tend

to be slightly larger than N from equilibrium data.
..

Overall, the data appear internally consistent for extracted parameters from individual oores. In additiin,

,.- hydraulio property behavior as a function of depth appears consistent and reasonable,

‘.
., ..

,-

, ...

,..
,.
. ,: “+.”...
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TABLE 6.3-I SUMMARY OF PROGRESS AS OF MARCH 31, 1991

tJNSATURATEO UNSATURATED.,
SATURATED MOISTURE HYDRAULIC HYDRAULIC
HYDRAULIC RETENTION CONDUCTIVITY CONDUCTIVITY

UNIT SAMPLE NUMBER CONDUCTIVITY SPOC CALCULATED ONE-STEP

upper Tshirege MCM 5.1 -43.0-43.5 1 2 “4 “3

Miile Tshirege MCM 5.1 - 53.G-54.C Clwm f 1 1 1

MCM 5.1 -57.5-58.0 t 1 1 5

MCM 5.1 -63.0-64.0 Chem 1 1 1 5

Lower Tshirege MCM 5.1 -67.0-67.5 1 1 t 5

MCM 5.1 -72.0-72.5 1 1 1 5

Mcki 5.t - a2.o-82.5 j 1 1 1

MCM 5.1- 67.G-87.5 1 t 1 5

MCG 5.9A -85.5-86.0 1 1 1 5

MCC5.9A - 94.5-95.G 1 1 1 5 1

LEGEND:

I

I
IUM t tw Hpl 90110 I

,,
1- 10s1 complemd.
2- TesI in prq-yess
3- Tesl completed, data analysts dt~pfmdenI upon compleuon of moisture raenwn lesls
4- T~sI nm slaned
5- Test nol speckd
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TABLE 6.3-I SUMMARY OF PROGRESS AS OF MARCH 31, 1991 (CONTINUED)

UNSATURATED UNSATURATED
SATURATED MOISTURE HYDRAULIC HYDRAULIC
HYDRAULIC RETENTlON CONDUCTIVITY CONDUCT!V!TY

UNIT SAMPLE NUMBER CONDUCTIVITY SPOC CALCULATED ONE-STEP

Tsankawi “ MCM 5.1- 92.5%3.0 1 1 1 5

MCM 5.1 -94.5-95.0 1 2 4 5

MCM 5.1 -97.0-97.5 1 1 1 5

MCM, 5.1 -102.0-102.5 4 4 4 5

MCM 5.1 -107.0-107.5 1 1 1 1

MCC 5.9A - 104.5-105.0 1 1 1 1

MCC 5.9A -109.0-109.5 1 1 1 1

Olowi MCC 5.9A - 119.5-120.0 1 1 1 1

MCC 5.9A - 124.5-125.0 1 2 4 5

MCC 5.9A - 129.5-130.0 1 2 4 5

MCC 5.9A - 149.5-150.0 1 2. 4 5

MCC 5.9A - 164.5-165.0 1 2 4 5

LEGEND: I - Test completed.
2- Test m progress.
3. Test C, i I,11.IIW3, data analysts dependwu upon completion of mcnslure retention IesIs
4 TesI rm sI~IItL(l

5. lest nol specIIIeLI

I mid Lab IIPI 90 1?01 Pdrj. b
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T&8Ll? 6. 3-IIA SUMMARY OF DENSITY AND POROSITY DATA1“
(MOISTURE RETENTION SAMPLES)I

PHASE II

DRY 6ULK GRAIN CALCULATED SATURATED
DENSITY DENSITY Pofloslm POROSITY

(fjcm’) (Qlcm3) (cm’/cm’) (cm’lcm’)

PHASE I

%Fl_%iFSAMPLE NUMBER

1.16 I 2.32 I 50.212 I 43.81MCM 5.1-53-54 CHEM P.P

MCM 5.1-53-54 CHEM Si’OC

WM 5.1-57.0-57.5

MCM 5.1-57.5-58.0

MCM 5.1-63-64 CHEM P.P

MCM 5.1-67.0-67.5

?.15 ] 232 ! 50.50’ ! 45.43

--P- 1.18 I 2.32 I 49,14 [ 51.97
-0

8
(D
u’
-4

1.17 I 2.32 I 49.352 I 43.98

1-15 i 2.32 [ 50.562 I 51.92

MCM 5.1-67.5-00.0

1.19 2.32 48.87 51.47

1.20 ‘ 2.32 46.292 56.93

1.09 2.32 53.072 5t. t7

MCM 5.1-72.0-72.5,,,,,.,,,.
;’ ,; MCM 5.1-72.5-73.0

1 MCM 5.1-82.0-82.5

MCM 5.1-87.0-87.5

MCM 5.1-87.5-88.0
k

(c

1.13 I 53.88

‘Assumes a Wun denstiy of 2.45 #cm’.

‘Assumes gram densdy 01 Tstwege uful .2.32 @cm’

3Assumes g[atn density of Tsankawi unit = 248 gkxn$

“Assumes grain denstly ‘oI OUOWI uml = 231 #cmJ

t%gt! 1I *bl.dI w lip so 110 L
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TABLE 6. 3-IU SUMMARY OF DENSITY AND POHOSITY DATA (CONTINUED)
(MOISTURE RETENTION SAMPLES)

i’ PHASE II

DRY BULK CALCULATED DRY BULK GRAIN CkCULATED SATURATED
DENSITY DENSITY POROSITY POROSITY

SAMPLE NUMBER (g/cm’) (@cm’) (cm’/cm’) (cm’/cm’)

MCM 5.! -92.092.5 ~ 1.24 49.39 !I

MCM 5.1-92.5-93.0 1.32 2.48 46.713 47.24

MCM 5.1-97.0-97.5 ! II 1.37 2.48 44.79 45.54

MCM 5.1-97.5-98.0 1.42 42.04

MCM 5.1-107.0-107.5 I 1 1.46 2:48 41.183 47.76

WC 5.9A-8S.5-86.O 2.32 53.232 68.63

MCC 5.9A-94.5-95.O 2.32 41.752 49.85

MCC 5.9A-104.5-105.O II 1.27 2.48 46.813 55.71

MCC 5.9A-109.0-109.5 1.01 2.48 59.20’ 64.65

MCC5.9A-119.5-120.0 I 1.11 -2.31 51.95 43.53

1Assum6s a gram denslly cd 2.45 @cm’.

2Assumes gram density 01 Tshmqe UN1 -2.32 glcm’

‘Assumes glare denslly 01 T\.*1 L w umI = 248 g/cm3

‘Assumes g(am densuy 01 ON I LIIUI -231 @cm’

t “,.1 t III) HpIW 1W L t>aLJil8

—.
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‘ MCM 5.1 -3.5-4.0

1 MCM 5.1 -7.5-8.0

1 MCM 5.1 -13.0-13.5
-o
8
SD ‘ MCM 5.1 -17.5-18.0
a
@ 1 MCM 5.1 -22.0-22.5

,1, MCM 5.1 -27.5-28.0
.,,

,:”;? MCM 5.1 -33.5-34.0
.:

‘ MCM 5.1 -42.5-43.0

‘“ MCM 5.1 -46.0-46.5

.4. .
,,

TABLE 6. 3-IIB SUMMARY OF INITIAL MOISTURE CONTENT,
DRY BULK DENSITY, POROSITY, AND WATER POTENTIAL

MCM 5.1 SAMPLES

PHASE I COMPLETE
,.

Initial Moisture Content
Gfavimetrii Volumetric Saturation

(%.ala} JO/0.cm3/cm3~ %

4.86 6.53 14.41

2.34

5.80

15.86

20.55

29.03

16.29

20.28

15.09

8.29 19.34

8.13 18.97

21.57 48.48

25.76 52.59

41.78 101.35

28.45 99.58

24.06 46.78

14.93 25.05

Density

hk!lh

1.34

1.40

1.40

1.36

1.25

1.44

1.75

1.19

0.99

Calculated
Porositv (%\

45.31

42.86

42.86

44.49

48.98

41.22

28.57

51.43

59.59

Water Potential
(-bars)

5.9

0.42

0.42

1.0

0.82

0.82

1.2

0.32

0.42

1 Samples tmmadately adjacenl 10 Ihese samples have been selected foI Phase II testing including sahxaled hydraukc COMUIXVIIY, mcssium retenhon
chamclenslrcs. and urmalu[alad hydrarrkc rxnckwlwny.

g Waler pcrhmltals between -0.1 and -1.0 bars tall outside cd the cahblaiion range 01 Df3S&A’s thermocouple psychrometer mslrumenlal!on and Ihwelote
should be ccmsdarad only approxrmarions. The level d uncertainly assoualed with these values is unknown and prtiably increases as values approach
00 bars These values have noI been repalad wmply as -1.0 because OBS&A beireves the relalwe values CII the dala are usehd For example. -02 bat+
IS greater than -0.5 bars, whch in turn is greater Ihan -0.7 bars. DBS&A is m Ihe process ol davelopmg Iachmques 10 cakbrate ltus appwrlus 10 values
closer ro O 1 bars.

1 Sample con$mls 01 alluvwrn wtuch caved mlo lhe borehola II IS nol Iutlacaous bedrock.

I 08t<d { *t> $tll! ~u 1 (u k f,d~. 9
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Sample Number

MCM 5.1 -50.0-50.5

MCM 5.1 -52.5-53.0

MCM 5.1 -55.0-55.5

MCM 5.1 -57.0-57.5

MCM 5.1 -62.5-63.0

MCM 5.1 -65.0-65.5

MCM 5.1 -67.5-68.0

MCM 5.1 -70.0-70.5

MCM 5.1 -72.5-73.0

TABLE 6. 3-IIB SUMMARY OF INITIAL MOISTURE CONTENT,
DRY BULK DENSITY, POROStTY, AND WATER POTEHTtA1. (CONTINUED)

MCM 5.1 SAMPLES

PHASE f COMPLETE

Initial Moisture Content
Gravirnetric

_&w_

15.67

15;72

15.32

14.88

15.77

15.99

16.37

18.20

18.64

Volumetric
f!/o.cm31crn3)

WA

17.06

NiA

16.15

14.40

19.20

20.15

N/A

20.34

Saturation
%’0

WA

30.73

OVA

29.09

22.91

37.63

40.46

WA

36.64

Density

19k!!fl

NIA

1.0s

WA

1.09

0.91

1.20

1.23

NiA

1.09

Calculated
Porositv (%\

IWA

55.5i

WA

55.51

62.86

51.02

49.80

WA

55.51

Water Potential
(-bars)

0.42

6.3 2

0.42

0.22

0.42

1.0

0.62

0.52

0.42

1 Samples immadrately adjacenl 10 these samphm have baafr s616cIw! for Phase II testing Including Saluramd hydfautic corrducIIvIIf. rrvxswre rekmbon

characterislrcs. and urrsaluralwd bydraukc conckdvily.
z Wa(ar Polamial$ between -0.1 and -1.0 bars talt ouISk!6 d the calibration ra~e o! DBS&A’s thermocouple psychrometer instrumenlauon and Ihe[eto(e

stmuld be corwdersd only appfoximalins. ThFS@f~ of ~etidn~ associated wrth IhQSISvatuas isurhovvnand probably increases as vatues approach
0.0bars. These vatues have nor bean repofiad Sm@Y as -1.0 because DBSMbebevesIhe retalwe vahes of the Ma am useful For example, -02 bars

is greater Ihan -0.5 bars, which in turn IS 9rQater Ihan -0.7 bars. DBSJM is in lha process ol devd@fW lachnWes 10 caIibrale ltus appatatus 10 values
closer 10.01 bars

> Sample consw[s 01 alluvium whIcti caved mlo Ihe boretde. h IS nol Iu!!aceous bedrock.

f ,,,.11 ab 11”1 W t/0 L 1,.g. ,0
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Sample Number

MCM 5.1 -75.0-75.5

MCM 5.1 -77.5-78.0

I

TABLE 6. 3-IIB SUMMARY OF INITIAL MOISTURE CONTENT,
DRY BULK DENStTY, POROSITY, AND WATER POTENTIAL (CONTINUED)

MCM 5.1 -80.0-80.5
-u
B ‘ MCM 5.1 -82.5-83.0
CD
a
o MCM 5.1 -85,0-85.5

‘ ~M 5.1 -87.5-88.0

MCM 5.1 -90.0-90.5

MCM 5.1 -92.0-92.5

MCM 5.1 -94.5-95.0

MCM 5.1 SAMPLES

PHASE I COMPLETE

,’
Initial Moisture Content

Gravirnetfio Volumetric Saturation
(%.alal J’Yo.om’/cm’\ %

18.40 21.67 41.80

19.03 22.82 44.73

19.10 23.22 45.51

21.26 25.05 48.32

24.16 28.77 55.94

29.83 33.84 62.80

36.76 43.30 83.52

35.26 43.75 88.58

36.49 NIA NIA

Density

J9k!fl

1.18

1.20

1.22

1.18

1.19

1.13

1.18

1.24”

NIA

Calculated
Porositv (!/O\

51.84

51.02

50.20

51.84

51.43

53.88

51.84

49.39

NIA

;,

Water Potential
f-bars)

‘ 0.42

0.42

0.1 2

0.62

0.52

0.82

0.22

0.12

0.32

I

t

a

Samokx immadtatelv adlacenl to (base samples have been aalacled for Phase II testing mctudhg aaluralad hydrdc conductivity, moisir.ma mlenhon

cha&cterislics, and unsaluratad hydraulrc conductivity.
Water Polenllals be[waan -0.1 and -1.0 bars faU OUIsida 01 the calibration range d DBSM’S lhermocoopia psyctwomaler inalrumenlation and Ihelelore
should be conadered only approxrmalmns. The Ifwel d LIncerlaint y assoctaled wrlh ihese vakms is unhnown and probably incteases as values appfoach

0.0 bars These values have rml b-n repflti 9mPIY as -1.0 because DBS&A balreves the relatwe values 01 Ihe dala areUseId.Forexample.-02 bars
is greater than -0.5 1) II ,1,Ich in turn IS greater Ihan -0.7 bars. DtlS&A IS in the process d deve.~ng techniques 10 calibrate this apparalus 10 values

CkEW 10 .01 hats
%mplti mnsisls d alltl., Z<III(h caved fnlo Ihe borahole. II IS rrd tutiaceous bedrock.

f “I* I 1#311Itpl xl 1It) I
t’dge I 1

I

I

I

,

<
1

<

1
,

(

,

7
j



1

{

Samole”Number

‘ MCM 5.i - 97.5-96.0

‘MCM 5.1 -98.0-98.5

w MCM 5.1 -102.5-103.0
~
o

MCM 5.1 -103.0-103.5&
o
W

‘ MCM 5.1 -107.5-108.0

.,: “MCM 5.1 -110.0-110.5,.

I
,

,~.., ,,

TABLE 6. 3-IIB SUMMARY OF INITIAL MOISTURE CONTENT,
DRY BULK DENSITY, POROSITY, AND WATER POTENTIAL (CONTINUED)

MCM 5.1 SAMPLES

PHASE I COMPLETE

Initial Moisture Content
Gravimetric Volumetric Saturation

Jh@91_ ~%”cm’j~’i — ’10

25.$? ~~.~~ 87.65

24.98 33.06 71.68

17.61 22.43 46.57

19.02 WA WA

18.82 24.3!) 51.32

10.62 17.01 49.03

Density

@@

1.42

1.32

1.27

N}A

1.29

1.60

Calculated
Porosity (’Yo~

42.04

46.12

48,16

NIA

47.35

34.69

Water Potential
{-bars)

0.92

0.52

0.72

0.92

0.82

1.0

‘ samples murredamly ad]acerrl to Ihese samples have been satecied for Phase II testing including saturated hydrarrtrc CQrrduclwily, rrrrisfr.ue relerwcm

characlerisIiCs, and unsaturated hydraukc corrducIIvIIy.

z Waler porendals behveen -0.1and-1.0bars tall M*I3 d Ihe calibration range d DBS&As thermocouple psychrometer msuurnemauon and Ihe[elom
should be consrdefad only approximalmns. The level 01 Urwertalnly assoaaled with these vidues is unk-n and Pmbabty Incfeases as vakres app(oach
00 baw. These values have WI been repofled SImPIY as -1.0 because DBS&A beheves dre Ielabve values of Ihe dala are uselut. For example, -02 bars

IS greater than O 5 bars, which in :Wn IS grealer Ihan -0.7 bars. DBS&A IS in the process d dev~w Iechnques to cakbraie ltSS apparalus 10 values
closer 10 -0.1 bars

3 Sample consists d alluwum whmh caved Inlo the boreholo. II IS not luflaceous bedrock.

tutu!I #J IIPI w 110 L [>’ye 1‘2
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Samole Number

MCC 5.9A -84.5 -85.0

MCC 5:9A - 85.5-86.0

MCC 5.9A -89.5-90.0

MCC 5.9A -94.5-95.0

MCC 5.9A - 104.5-105.0

MCC 5.9A - 109.0-109.5

MCC 5.9A - 119.5-120.0

MCC 5.9A - 124.5-125.0

MCC 5.9A - 129.5-130.0

TABLE 6. 3-IIc SUMMARY OF INITIAL MO}STURE CONTENT,
DRY BULK DENSITY, POROStTY, AND WATER POTENTIAL

PHASE I COMPLETE

hitial Moistiire Ccrntent

Gravimetric
VYo,(lh)

39.06

35.38

44.21

11.36

60.53

49.33

21.37

16.12

18.50

kC 5.9A SA-WLES

DensityVolumetric
J?40,cm3/cm3\

38.91

38.79

42.21

17.22

55.75

44.46

23.18

17.93

19.49

Saturation

~

65.58

69.89

69.15

45.15

89.33

70.34

41.59

32.83

34.20

w!!!?)

1.00

1.09

0.95

1.52

0.92

0.90

1.08

1.11

1.05

Calculated
Porosity (%1

59.33

55.50

61.04

38.14

62.41

63.21

55.73

54.61

56.99

Water Potential
(-bars]

.. 0.7 ‘

0.8 ‘

0.6 ‘

1.8

1.5

1.2

0.7 ‘

0.3 ‘

0.4 ‘

Waler poleniials between -0.1 and -1.0 bars laU outside Of ihe cakbration range of DBS6AS her mocourrle psychrometer instrumentation and thwelare should

be considered only approximations The level 01 Uncertainly associated wilh these values isudmown ti Probabiy increases as values approach 0.0 bars.

These values have noI bean reponed simply as <1.0 bacauaa DBS&A bebves the relative values” of the data are useful. For example, -0.2 bars IS greater

than -0.5 bars, which in turn is greater than -0.7 bars. DBS&A is in the process d devekrpmg Iechrsques IO cakbrale IhIS apparatus 10 values cbser to -0 I

bars.
WaltrI potentials were measured I I I II :IIoiy as posmve values and Iherelore are ouiside of the calhrallon range of Ihe Thermocouple psychrometer (see

Foomole 1). DBSISA belwves I}WJI-I III C*I.‘.’I’. ale cbse 10 Zelo and is Iherelora reporlmg [hem as such.
Samples lmm these mtewals have been seleclad tor Phase II tesung

I ,,,,,1L.*I>tip! w 1)0 1 I..ige , J
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TABLE 6. 3-IIC SUMMARY OF INITIAL MOISTURE CONTENT,
DRY BULK DENSITY, POROSITY, AND WATER POTENTtAL (CONTINUED)

MCC 5.9A SAMPLES

PHASE I COMPLETE

Initial Moisture Content

a

J

MCC 5.9A - 134.5-135.0

MCC 5.9A - 139.5-140.0

MCC 5.9A - 144.5-145.0

MCC 5.9A - 149.5-150.0

M(.2C5.9A - 154.5-155.0

tvtCC5.9A - 164.5-165.0

MCC 5.9A - 169.5-170.0

MCC 5.9A - 174.5-175.0

MCC 5.9A - 179.5-180.0

MCC 5.9A - 184.5-185.0

Giavimetric

18.65

18.94

7.66

8.98

?.42

6.82

15.83

15.92

15.92

16.49

Volumetric
f%0.cm3/cma\

WA

NJA

N/A

22.10

21.67

21.23

NIA

N/A

WA

NIA

Saturation
%

NIA

WA

NIA

42.10

44.01

43.79

WA

NIA

NIA

NIA

Density

Qk!?!!l

NIA

WA

N/A

1.16

1.24

1.26

N/A

NIA

N/A

N/A

Calculated
Porositv f%~

WA

N/A

N/A

52.49

49.24

48.48

NIA

NIA

NIA

NIA

Water Potential
(-bars)

.0.8 ‘

0.8 ‘

0.6 ‘

0.2 ‘

0.02

0.02

0.02

0.02

0.02

0.02

Water oolenrials belween -0.1 and -1.0 bars tall outside ol the cakbration ranrw oi DeS&As thermocou pie psychrometer inslrumenlalion and theretore should

be considered only approximations. The level 01 uncefmhuy assodalad witi-thaee values 1s unknowri * aably increases as values approach 0.0 bam

Thase values have nol been mporled simply as <1.0 bSCSUea DBSILA believes the relalive values 01* data are usehd. Forexample,-02 bars is greawu

Ihan -0.5 bars, which m Iurn is grealer than -0.7 bars. DBS&A is in Ihe process d developing techmques 10 caltbrale this apparalus to vabas cbsar 10-01
bars.

Waler potentials wew measumd m rh8 laboratory as posllive values and therefore are Wlsrde Of Ihe cahbrahon range 01 the rhermrmuple psychrometer (see
Focxnole 1) 013S&A twl!evas Ihtise numbers are close 10 ze(o and IS therelore reporrmg Ilmm as such.
Samples hom these mhuvals have been selecmd for Phase Ii krstmg

I U*AIi .1, lip vu 1T(J1 e’i,e 14
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TABLE 6.3-IIIA SIJMBAAHY OF SATIJRATED

HYDRAULIC CONOUCTIVl~ TESTS
. .

MCM 5.1 samples

Samole Number

MCM 5.1 -31.5-32.0

MCM 5.1 -43.0-43.5

... MCM 5.1 -53.0-54.0 CHEM

MCM 5.1 -57.5-58.0
,... , .

MCM 5.1 -63.0-64.0 CI+EM

MCM 5.1 -67.0-67.5
,..

.,>. MCM 5.1 -72.0-72.5.,

MCM 5.1 -82.0-82.5
,—

MCM 5.1- ~7.O-87.5

MCM 5.1 -92.5-93.0.

MCM 5.1 -94.5-95.0

. . MCM 5.1 -97.0-97.5

MCM 5.1 -107.0-107.5

.

Ks(cm/see\

1.OX1O-3

2.4 X 1 Cl+

1.5X 104

1.8 X 10+

1,3 x 104

1.1 x 104

1.4 x 10+

1.2X 10+

1.1 x 10+

4.7 x 10$

6.8 x 10+

5.8 X 105

1,3 x 10-3
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Method of Analysis
Constant Head Fallina Head
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EXTENT OF SATURATION IN MORTANQAD CANYON

~ Di??lEL B. STEPHENS & ASSOCIATES. [NC.

ENVIRONMENTAL Scientists ANO EffilNEERS

TABLE 6 .3-IIIB SUMMARY OF SATURATED
HYDRAULIC CONDUC17VITY TESTS

MCC 5.9A SAMPLES

Method of Analvsis
Samde Number Ks(cm/sec~ Constant Head Fallim Head

MCC 5.9A - 85.5~86.O 3.9 x 10-3 x

MCC 5.!2A - 94.5-95.0 1.1 x 10+ x

MCC 5.9A - 104.5-105.0 2.0 x 104 ,x

MCC 5.9A - 109.0-109.5 4.3 x 104 x

MCC 5.9A - 119.5-120.0 7.9 x 10* x

,$=. MCC 5.9A - 124.5-125.0 2.8 X 104 x
-..

MCC 5.9A - 129.5-130.0 7.8 X 104 x

MCC 5.9A - 149.5-150.0 1.7X lo~ x

MCC 5.9A - 164.5-165.0 2.9 X 10+ x

-.

,-.

FINIU RPL Sb170-L

. . . . ..
-.. ,-’ . . >-...
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EXTENT OF SATURATION IN MORTANDAD CANYON

r

Ibex DANIEL B, STEPHENS & ASSOCIATES. iNC.
~==== ‘ ENVIRONMENTAL SCIENTISTS ANO ENGINEERS

TABLE 6.3-IVA SUMMARY OF MOISTURE CHARACTERISTICS
OF THE INITIAL DRAINAGE CURVE

(REPORTED JANUARY 1991)

Pressure Head
%rnde Number (-cm water)

MCM 5,1 -57.5-58.0 0
61

102
510

1020
3060
5100

15300
● 1sow

MCM 5.1 -67.0-67.5 0
61‘ .-

.’.. 102.
510

1020
3060
5100

● 15300
23000

MCM 5.1 -72.0-72.5 0
61

102
510

1020
3060
5100

15300
● 23000

Moisture
Content

JO/0,cm3/cm3)

52.0
45.2
41.9
20.9
15.6
12.2

9.9
8.9
6.1

5.2.0
45.9
42.7
20.6
17.0
14.3
12.7
10.1
4.9

51.5
45.3
40.2
21.7
17.8
13.3
11.4

9.9
4.0

● Measured with Richards Thermocouple Psychrometer

... :,., ... ....
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EXTENT OF SATURATION IN MORTANDAD CANYON
.-.,

,, DA/ilEL B. STEPHENS & AsSOCIATES, [NC.

ENVIRONMENTAL SCIENTISTS ANO ENOINEERS

. .-,

TABLE 6. 3-IVA StJMMARY OF MOISTURE CHARACTERISTICS
OF THE INITIAL DRAINAGE CURVE (CONTINUED)

(REPORTED JANUARY 1991)

Moisture
Pressure Head Content

SamDieNumber (-cm water) j04, cm3/cmo)

-.

.:.

,...
‘>
.’ .,

,-

,–

MCM 5.1 -87.0-87.5 0
61

102
510

1020
3060
5100

15300 ‘
● 19000

MCM 5.1 -92.5-93.0 0
61

102
510

1020
3060
5100

15300
‘ 12000

MCM 5.1 -97.0-97.5 0
61

102
510

1020
3060
5100

15300
● 12000

51.2
45.2
41.7
25.9
20.5
14.2
11.1
6.3
4.9

47.2
42.7
41.7
35.2
31,1
22.8
‘ 9.2
-3.0
lj.54

45.4
42.7
42.1
40.3
38.6
32.8
30.7
23.6
14.67

● Measured with i%chardsThermocouple Psychrometer

..

,.

%!* Lab Rpt 90-1704

,.

..-.. . ... .......
s.
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EXTENT OF SATURATION.IN MC)RTANDAD CANYON

. . =-II /’o& DiWIEL B. STEPHEXS & ASSOCIATES. INC. .

E.NWONMENTAL S4;ENTISTS ANO ENGINEERS

TABLE 6. 3-IVB SUMMARY OF MOISTURE I? EI’ENTION CHARACTERISTICS

(SPOC)
.. . MCM 5.1 SAMPLES

,.- Samde Number

MCM 5.153-54 CHEM
...

,--

,.. ,

MCM 5.182 .0-82.5

..
‘ . .. .

-.

Pressure Head
(-cm water)

o
62

102
510
918

3070
4977

14277
● 8209

0
62

102
510
918

3070
4977

14277
● 6109

MCM 5.1107,0-107.5 0
62

102
510.
9?8

3070
4977

14277
● 13176

Moisture
Content

‘/0,cm3/cm3)

45.43
41.99
38.50
24.14
21.50
18.94
17.15
16.82
16.82

58.94
52.73
49.65
36.03
33.22
27.19
23.04
22.04
22.04

47.77
36.45
33.00
24.64
22.97
18.52
16,69
14,99
14’,99

..

● Measured with Richards Thermocouple Psychrometer

.-
Final Lao W *I 70< ?a~e .9

::. :----
+ .. ...

,.
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EXTENT OF SATURATION IN MO13TANDADCANYON

lpKm DNIEL B. STEPHENS & .+SSOCIATES. INC.
======?~

ENvIRONMENTAL SCIENTISTS 4N0 ENGINEERS

TABLE 6. 3-IVC SUMMARY OF MOISTURE RETENTlON
(SPOC)

MCC 5.9A SAMPLES

, .

Samule Number

MCC 5.9A 85.5-86.0

,--,

MCC 5.9A 94.5-95,0

,, ,,
,.. .

Pressure Head
(-cm water)

6:
102
510
918

3070
4977

14277
● 5874

0
62

102
510
918

3070
4977

14277
● 15226

MCC 5.9A 104.5-105.0 0
62

102
510
918

3070
4977

,... 14277
● 12962

● Measured with Richards Thermocouple Psychrometer

,.,
Page 110

.

CHARACTERISTICS

Moisture
Content

JO\O,cm3/cm3)

68.63
45.44
41.18
34.64
32.25
28.72
26.21
20.91
20.91

49.85
33.65
30.04
22.15
20.03
15,44
14,10
12.42
12.42

53.71
52.71

.- 50.37
42.69
40.5a
35.64
:3.62
32.91
32.91

. .

. ...””
.. .,



EXTENT OF SATURATION IN MORTANDAD CANYON

.

,, ~ DAFJIEL B. STEPHENS & ASSOCIATES, [NC.

* ENVIRONMENTAL SCIENTISTS AND ENGINEERS

,-

TABLE6. 3-IVC SUMMARY OF’MOISTURE RETENTION CHARACTERISTICS (CONTINUEI))
(SPOC)

MCC 5.9A SAMPLES,“

Moisture

,. Pressure Head Content
SamDle Number (-cm water) 0/0.cmJ/cm3)

,,..” MCC 5.9A 109.0-109.5

, .

MCC 5.9A 119.+1 20.0

‘ ..
. . .

.

0
62

102
!510
918

3070
4977

1~~
“ 4712

0
62

102
510
918

3070
4977

14277
“ 8525

64.64
57.17
55.71
45.56
39.50
30.40
27.80
19.85
19.85

43.53
34.95
3Q.46
17.69
15.56
9.74
6.90
5.15
5.15

,.,

,.,

● Measured with Richards Thermocouple Psychrometer

,.. . 6n81 Mb RPL s0.1 ?Q.L
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TABLE 6. 3-v SUMMARY OF CALCULATED AIR PERMEABILITY DATA

SAMPLE STATUS ~s~j~~~~~

FM* tit, k= 1040 K.
SAMPLE NUMBER 9 (-%) (W$ec) (cm) (mD) (c@Kjec) (mD)

21.50 918 0.57 2.29
MCM 5.1 -53.0-54.0 CHEM

413.4
1.5 x 10-’

17.15 4998 0.57
‘ 156.0

2.52 378.2

33.22 918 0.58 1.80
MCtd 5.1 -82.0-82.5

576.4

23.04
1.2 x 104

4998 0.58
124.8

1.92 543.1

22.97 918 0.61 1.46 751.2
MCM 5.1 -107.0-107.5 1.3 x 10-3

16.69
135.2

499 0.57 1.43 717.9

20.03 918 0.58 1.43
MCC 5.9- 94.5-95.0

710.57
1.1 x 103

14.10 4998 0.57
112.2

1.55 641.7

40.58 918 0.79 6.72
MCC 5.9- 104.5-105.0

205.6
2.0 x 10”3

33.62 4988
208.0

0.98 2.86 ‘ 597.5

15.56 918 0.58 1.46
MCC 5.9- 119.5-120.0

710.0
7.9 x 104

6.90 4998 0.57 1.61 624.5
82.1

t ,4141I al, 14,>1w 1Ill L P.fJe 22
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TABLE 6. 3-vIA SUMMARY OF UNSATURATED HYDRAULIC PROPERTIES (CALCULATED)
MCM 5.1 SAMPLES

Sample Number (c:-’) (dimen;oniess) (%, cii’km?) (%, i:’;cnl’) JZec)

MCM 5.1-53-54 CHEM

MCM 5.1 -57.5-58.0

M(2M 5.1 -67.0-67.5

MCM 5.1 -72,0-72.5

-u
48 MCM 5.1- 82.0-82.5
(D
A

MCM 5.1 -87.0-87.5
G

MCM 5.1 -92.5-93.0
,.,,.,,. MCM 5.1 -97.0-97.5

,$

MCM 5.1 -107.0-107.5

0.00873

0.00972

0.01016

.88477 16.8 45.4 1.5 x 10”4

.66746 6.1 52.0 1.8”x 10+

.55430 4.9 52.0 1.1 x 10<

0.01178 1.49131 4.0 ‘- 51.5 1.4 x 10+

0.01059 1.59133 22.0 58.9 1.2 x 104

0.00915 1.51023 4.9 51.2 1.1 x 10+

0.00292 1.67416 10.2 472 4.7 x 10”5

0.00073 1.59926 10.7 45.5 5.8 X 10’

0.02968 1.48191 1’5.0 47.8 1.3X 10”3

I t,ul L.1) Ill>t W 1Ill L
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TABLE 6. 3-W.B SUMMARY OF UNSATURATED HYDRAUUC PROPERTiES (CALCULATED)
MCC 5.9A SAMPLES

0,

{c:-’) w., cm3/cm3)@kRfm&m!ess) . f%, c~3/cm3)
Sampie Number

(c~~ec)

MCC 5.9A -85.5-86.0 0.10449 1.34112 20.9 68.6 3.9 x 10”3

MCC 5.9A -94.5-95.0 0.04433 t .47491 12.4 49.8 1.1 x 10”3

MCC 5.9A -104.5-105.0 0.00508

MCC 5.9A - 109.0-109,5 0.00818

MCC 5.9A - 119.5-120.0 0.01582

} ,,.,1 k.dl I{pl w I/u t

1.72981

1.45120

1.55108

19.8

5.2

53.7

64.6

43.5

2.0 x 10”3

4.3 x 10”3

7.9 x 104

z?
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TABLE 6. 3-VIIA SUMMARY OF UNSATURATED HYDRAULIC PROPERTIES r1

IONE-STEP OUTFLOW METHOD -0-1 BAR)
Y

.
MCM 5.1 SAMPLES

Mratory
,* ● 2

Sample No.
~c:.,) (dimen~ionless) (%, c$3/cm3) (%, $’/cm’) (clkec) (dimen;ioniess)

MCM 5.1-53-54 CHEM 0.00775 1.98333 16.82 45.43 1.5 x 10+ 0.99187

MCM 5.1 -82.0-82.5 0.00709 1.80499 22.04 58.94 1.2 x 10-’ 0.99696

MCM 5.1 -107.0-107.5 0.04110 1.34772 14.99 47.77 1.3 x 10”3 0.99898

,!

,..

... .

,, ;

,: . ..

● These values are calc(d,,i,:d by We Olil:STEP program.

t119.1LdbIlpl w 1)0 1
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T~LE 6. 3-VIIB SUMMARY OF UNSATURATED HYDRAULIC PROPERTIES
(ONE-STEP OUTFLOW METHOD -0-1 BAR)

MCC 5.9A SAMPLES

b
Laboratory @
Sample No. ,(cg”’) (dimenlmless) (%, c#/cm’) (%, c~3/cm3) (crrlkec) (dimensionless) Y

Mcc 5.9A -94.5-95.0

MCC 5.9A - 104.5-105.0

M(2C 5.9A - 119.5-120.0

0.03116 2.05202 12.42 49.85 1.1 x 10”3 0.93906 5
;,-
;

0.0294 2.05526 32.91 55.71 2.0 x 10”3 0.86446 !
G
i

0.08343 1.22356 5.64 43.53 7.9 x 104 0.99525 ;

;

,,,.,
,:.’
,~

?

“ These values are calculated by the ONESTEP program.

t u,al LA 1+11190 l?UL r.igu a!
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,... EXTENT OF SATURATION IN MORTANDAD CANYON

, ..
6.3.2. Distributions of Saturation, Conductivity, and Pressure Head

.-. The volumetric moisture contents of cores ati the percentage of saturation as measured for cores from holes

MCM-5.I and MCM-5.9A are presented graphically in Figures 6.3.2-1 and 6.3.2-2.

..

The perched zone shows clearly in Fq. 6.3.2-1 for hole MCM-5.1, followed at increasing depth by a rapid drop to

low percentage of saturation from about 45 to 65 feet. Then the degree of saturation increases sharply to nearfy
....

saturated cmditions, about 90 percent, just at the contact between the Tshirege Unit 1A and the Tsankawi

member. It decreases down to less than 40 percent of saturation at the contact with the Otowi member

The same pattern of an increasing degree of saturation, to about 90 percent, also occurs in hole MCM-5.9A as

. . depicted in Fig. 6.3.2-2. Here the apparent peak in the graph occurs a few feet into the Tsankawi membe~

however, photographs of the core barrel contents suggests that a high degree of saturation was reached by 98

feet, and there simply was no hydrologic cqe sample collected closer to the contact than the one at 104.5-105,._

feet. Thus the pattern is essentially identical in both holes.

‘lo ~ole SIMO-1, which is located in the lower poflion of the canyon where there is no saturated alluvium, a similar.. .
padem of volumetric moisture distribution occurs in the Tshirege Unit 1A and Tsankawi members, though at a

,-
lower absolute level. The graph in Fig. 6.3.2.3-3 shows an estimated volumetric moisture calculated from the

gravimetric moisture measured in the core samples (collected (9/5-6/90) and the average dry bulk densities for

.—.. the Tshirege Unit 1A, Tsankawi, and Otowi members, and relative volumetric moisture measured with a neutron

moisture probe 7 months later (4/9/91). (The neutron moisture probe data-is based on the manufacturers

calibration, and may not exactly represent the percentage moisture content (volumetric) for the patt”alar access,—-

tube, though the relative paUtemis correct.) The data show a general decline through the Tshirege Unit 1A

down to a depth of about 35 -to 40 feet, followed by an increase just above the interface with the Tsankawi
-.

member. Then there is a general decline through the Tsankawi to the contact with the Otowi me@er. This pad

of the pattern is similar to that obsewed in holes MCM-5.1, MCM-5.9A, though the absolute volumetric moisture
.-

Ievels in SIMO-1 are about one-third to one-half of those seen in the other holes. At this point the SIMO-1

pattern is different in that there is a general increase through the first 30 feet of the Otowi, with a leveling off at

.—. about 12 percent moisture by volume, based on the core sample data. The moisture probe data shows the

same pattern, but, especially for the measurements in the Otowi member, are sgnifiiantly bwer. This maybe

due to probe calibration or it may be attributable to some temporal change in the moisture condition. This will be—

addressed by future measurements at regular intewals. . ...~...
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EXTENT OF SATURATION IN MORTANDAD CANYON

The depth distribution of saturated hydraulic conductivity.esmeasured on core samples from holes MCM-5.I and

MCM-5.9A is shown graphically in Figure 6.3.2-4. (For purpose of this illustration, the data from hole MCfvi-5.9A

are plotted with a 5 foot upward adjustment in depth so that the values fall in the same relative locations in the

geofogic units as depicted for hole MCM-5.1)

Based on data from hole MCM-5.I, there is a steady decline in saturated hydraulii conductivii through the

portion of the Tshirege Unit 1A beneath the perched aquifer, from about 0.001 cnisec. (at 32 foot depth) to

about 0.00005 cn%kec. (93 foot depth) just at the amtact with the Tsankawi member. The data from hole MCM-

5.9A include only two cores from the Tshirege Unit 1A, which are about an order of magnitude higher in

saturated conductivity. Some of this difference maybe attributable to sample expansion (from unloading, see

Section 6.3.1) during a longer storage period prior to measurement. The Tsankawi member data based on cores

from hole MCM-5.1 range from about 0.00007 to about 0.001 cmhec., generally higher that the Tshirege

member for the same hole. The Tsankawi member saturated conductivities from hole MCM-5.9A follow a similar

pattern, ranging from about 0.002 to 0.004 crnkec. The saturated conductivities in the Otowi based on data

from hole MCM-5.9A are generally lower than those observed in the Tsankawi member, ranging from about

Q.0?03 to 0..008cmkec. Four additional core samples of Otowi member tuff from hole MCM-5.1 are currently

undergoing a multistep outflow analysis and are expected to help clarify the pattern of saturated and unsaturated

hydraulic conductivity in the Otowi member.

The depth distribution of unsaturated hydraulic conductivity is presented in one simplified fashion in Figure

6.3.2-5. This graph shows the apparent unsaturated hydraulic conductiv”~ for the actual in-situ volumetric

moisture content present in the cores from holes MCM-5.1 and MCM-5.9A when they were collected. (For

purpose of this illustration, the data from hole MCM-5.9A are plotted with a 5 foot upward adjustment in depth so

that the values fall in the saw relative locati&s in the geologic units as depicted for hole MCM-5.1 ) The data

points were calculated by taking the saturated hydraulic conductivity measured for a given core and multiplying

out the relative hydraulic conductiv<~ for that core at the moisture content measured as its initial condition. This

shows a low effective unsaturated hydraulii conductivity in the Tshirege Unit 1A, ranging from about 10-”

cmkec to about 10-7 cmhec at a point about 5 feet above the contact with the Tsankawi member. Then the

effective unsaturated hydraulic conductivity rapidly increases by about 4 orders of magnitude reaching a peak

between 10-3 and 10-2 in the Tsankawi member. At the depth of the contact between the Tsankawi and the

Otowi members the effective unsaturated hydraulic conductivity declines by about 5 orders of magnitude to

between 10-8 and 10-9 crnhec. This distribution represents only tt?epoint in time when the cores were; .....-
.. .
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EXTENT OF SATURATION IN MORTANDAD CANYON

,...
collected; it can, and probably does, change during the cwrse of a year with different seasonal moisture trends

and possibly with infiltration of runoff events.

,.—.

The unsaturated zone pressure head is depicted graphically in Figure 6.3.2-6. The pressure heads were taken

from the hydrologic laborato~ moisture characteristic curves for each core sample at the moisture conteht initially... ,

present when the core was collected, which should represent the in-situ condition at that time. (For purpose of

this illustration, the data from hole MCM-5.9A are plotted with a 5 foot upward adjustment in depth so that the

values fall in the same relative locations in the geologic units as depicted for hole MCM-5.1 ) Though the data

show cmsiderable variability, the general pattern is increasing potential (i.e. smaller negative values) with depth
...

through the Tshirege Unit 1A and the top few feet of the Tsankawi member. Even if the uppermost point is

disregarded, the general trend persists. Through this region, for the time represented by the data, water in the

unsaturated zone is evidently moving upwards, from the zone of high moisture content near the contact

between the Tshirege unit 1A and the Tsankawi toward the surface. This could represent evapotranspiration

dominated movement during the relatively dry time from July through September 1990 when there were no

significant runoff events in Mottandad Canyon. As with the unsaturated hydraulic conductivity, this distribution

represents only the pint in time when the cores were collected; it can, and probably does, change during the
..

gou{se of a year with different seasonal moisture trends and possibly with infiltrat”nn of runoff events.
... .

,. -

--’

..-.

,.-.

.._,

.

... .”,. e...

~.

,. “
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MCM–5.1: VOLUMETRIC MOISTURE and SATURATION vs. DEPTH
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MCM–5.9A: VOLUMETRIC MOISTURE and SATURATION vs DEPTH
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WELL SIMO– 1: VOLUMETRIC MOISTURE VS. DEPTH
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EXTENT OF SAllJRATION IN MORTANDAD CANYON

,.
7.0

,. 7.1

CONCLUSIONS

Extent of Saturation

,-

,.

,.

,..-

,.

The release of industrial effluents, waste water, and storm runoff into Mortandad Canyon recharge the shalbw

aquifer in the alluvium, Hydrobgic data collected prior to 1989 and collected from observation wells, test holes,

and moisture probe access holes indicate that since 1960 the alluvial aquifer has not changed significantly in

size or moved further toward the east to the Laboratory boundary. The aquifer extends from the plant outfall

about 3.5 km to the bwer canyon (near the center of the Pajarito Plateau). The saturated alluvium consists of silt,

clay, sands, and gravels overlying silts and clays of tuff weathered in place. The devebpment of silts and clays

by weathering decrease with increased depth.

Saturation is confined to a relatively thin layer of alluvium, perched above unweathered tuff in the Tshirege Unit

1.AMember. The thickness varies both temporally and with distance down canyon. In the upper reach of the

canyon, the saturated thickness may be as much as 15 to 20 feet (with water level about 5 feet bebw surface) in

the vicinity of the MCO-4 observation wells in wet times, decreasing to as Iiile as 5 feet (with water level of about

2.2feet bebw surface) in drier times. in the middle portion of the canyon, in the vicinity of the MCO-6 wells, the..
saturated thickness is generally less than 5 feet thick, with water level fluctuations of 3 to 5 feet in a year (water

levels 30 to 33 feet below surface). In the bwer portion of the canyon, in the vicinity of MCO-8 wells, the

saturated thickness may be as much as 13 ff?et,with water levels fluctuating as Iiile as 2 feet in 3 years (general

water level about 50 to 60 feet bebw surface). One possible explanation for the greater thickness of saturation

is that there is infiltration of water through the sediment traps after large runoff events, rssulting in more water in

storage in the reach between the traps and MCO-8.

Saturation in the alluvium thins toward the sides of the canyon, and there maybe some mounding or sloping of

the upper surface away from the general location of the stream channel.

Saturation extends continuously down the canyon to about the bcation of MCM-8.2, as observed by holes and

confirmed by shallow seismic refraction. Shallow seismic refraction also suggests possible near-saturation

conditions as far as about 4.3 km downstream toward the south side of the canyon; however, none of the

observation wells or moisture probe holes that far downstream nearer the center of the canyon show saturated

conditions.

:: .,...
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...
7.2 Extent of Contamination

,. Radionuclides other than tritium have not moved more than a few feet beneath the perched alluvial aquifer. This

is consistent with the well developed weathered layers at the bottom of the perched zone, whnh have

,. developed over probably thousands of years that natural runoff has maintained the perched aquifer.

Tritium is chemically bonded into the water molecule as a hydrogen atom, and thus moves directly with the water,...
subject to the same physical and chemical interactions as any other water molecule. Tritium (as tritiatwf water)

has moved to depths approaching 200 feet in unsaturated fiow; data from one hole suggests that the maximum
..

extent of tritium movement may be about 200 feet, additional, deeper samples will be needed to confirm that

possibility.

There is no contamination by metals extractable from core samples by the EP Toxicity procedure above, in, or

below the perched alluvial aquifer.

There is no contamination by organic substances including volatiles semi-volatile, hetbiiides, pesticides, or
,..-

‘POf3sextractable from core samples above, in, or below the perched alluvial aquifer..,
,.

,.. ,
7.3 Hycfrologlc Properties of Tuff

)

The overali pattern of saturated hydrauiic conductivities of the tuff beneath the perched aquifer is extremely low.

Saturated conductivities are mostly less than 0.001 cm/sec.

Unsaturated “hydraulic condwtivities through the Tshirege Unit 1A beneath the perched aquifer (for the in-situ

moisture conditions at the time the cores were coikcted) increase dramatically approaching the contact between
.

the Tshirege Unit 1A and TsankaM members. The unsaturated conductivity peaks in the Tsankawi, and drops

down rapidly at the depth of the contact between the Tsankawi and the Otowi members. The iayer of higher
,,

conductivity in between those with lower conductivity appears to be forming a barrier impeding the downward

movement of moisture. This is refiected in the pattern of moisture observed in core holes MCM-5. 1 and MCM-

5.9A, with moisture levels increasing and reaching a peak just a! or beiow the contact between the Tshirege Unit

1A ahci the Tsankawi members, and then deciining with depth at the contact between the Tsankawi and Otowi

members..
. . . .

:: ......
.-

,.
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The pressure head, or water potential, in the unsaturated zone at the time the core samples were collected from

holes MCM-5.I and MCM-5.9, was increasing with depth through the Tshirege Unit 1A and into the top half of

the Tsankawi member. At that time, the flux of moisture in the unsaturated zone was apparently upwards, from.

the high moisture content near the top of the Tsankawi toward the surface. The data exhibit considerable

variability and the movement, if any, would probably be at a slow rate. This phenomena may well change through

the year with different overall moisture conditions. Periodic neutron moisture probe measurements of moisture

profiles shouid contribute data to permit description of the temporal changes.

7.4 identified Data Needs

7.4.1 Additional Deeper ~Cores for Tritium and Hydrologic Properties

. .

The data from hoie MCM-5.9A suggest that the maximum extent of tritium movement in the unsaturated region

may occur in the vicinity of 200 feet deep. it wiii be necessafy to coiiect cores from depths down to 300 or 400
. .

feet, to determine whether the decrease in concentration is the futihest extent of movement or caused by

diiution. in order to maximize understanding of the Iaterai extent of variation in moisture patterns, it wouid be

i.m~.rtant to have a simiiafly deep core hoie on a transect at some distance from the center of the canyon and

also under an adjacent mesa.

7.4.2 Additional Hydrologic Properties

..

.

..

,.

.

,-

!.

Cores from hoie SiMO-1, or another new inoie in the eastern portion of the canyon where there is no perched

aquifer, need to be subject to hydrologic property testing to determine their Comparabiiiiy-with the tuff propeflies

obtained from cores from hoies .MCM-5.1 a@ MCM-5.9A. These measurements are needed to determine the

water potentiai gradient arid ~mpare both direction and magnitude of water fiux beneath the saturated and

unsaturated aiiuvium. “Cores from a proposed companion hoie adjacent to MCM-5.1 down to a depth of at least

200 feet are needed to confirm verticai pafterns of moisture content and conductivity suggested by data from

hoie MCM-5.9A. Speciai attention wiil be given to collecting cores from near the saturated zone and at the

interfaces between tuff members, as these iocations may be controlling features in overaii water and

contaminant movement patterns.

One or more shaiiow core hoies shoukf be compieted in the lower portion of Mortandad Canyon south of the

stream channei where the seismic study suggested a possibility of perched water (see map in Appendix 8.1).
. ....’..,.....
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Stable/Radioactive Isotope Dating

Other isotopio measurements, such as for deuterium-oxygen ratios, chlorine-36,catlxm-14, carbon-1 3/carbon-

12 ratio, helium-4, neon-20, and argon-36 and argon-40 maybe able to contribute understanding to the ages of

different components of the hydrologic system.

7.4.4 Time Series of Moisture and Water Level Data

Neutron moisture probe data for selected access tube iocations and perched zone saturated water levels for

seleoted monitoring wells will be collected at regular intervals. This data will be used as part of the input to the

,.. lumped parameter model (described below in Section 7.5.1) to verify understanding of the water movement

relationships in portions of the canyon. The moisture probe data will be needed to develop a description of

temporal changes in the unsaturated zone, especially the moisture dependant properties relativeconductivity. .
and pressure head, that may contribute to understanding the movement of water.

,-.
?.S. Identified Interpretation Tasks..

,..
The data oontained in this report, both the new field study data collected in 1990 and the. compiled data from

earlier efforts, provide the basis for the general conclusions needed to address the special permit condition

requirements of identifying the present extent of saturation and the extent of contaminant occurrence in

Mortandad Canyon. This data also provides the basis for many more detailed and more quantitative

interpretations that will yield more understanding of the processes involved. Inteqxetive tasks already

underway, as well as some that-suggest likelihood of good return are briefly disoussed in the next several

sections.
,...

7.5.1 Hydrologic Modeling

An initial simple modelling effort is underway to make use of existing water and contaminant data to provide a

more quantitative description of the water and chemical mass balance in the three general seotions of Mortandad

Canyon. It is based on a dynamically conneoted stream-aquifer system represented by the lumped parameter

model. The structural simplicity of this technique is inherently related to the systems operation approach it takes;

the system is described only to the degree that it relates averaged input-output-storage changes over time

(Dooge, 1973). Hence this type of modeling is applicable v@qn. system-wide temporal responses in.....
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grou~ater levels orwater quaMyresulting from distributed input stresses are of interest. 7hisapproach has

been successfully implemented in the Mesilla Valley of south-central New Mexico (McLin and Gelhar, 1979), and

the Arkansas River Valley near La Junta, Colorado (McLin, 1983). The major advantage to this modeling

approach is that it can indicate brig-term trends in water quality, including indhddual radmnuciide concentrations.

The generalized lumped parameter model for the perched alluvial aquifer system in Morlandad Canyon is briefly

described below. It is antk2pated that the application to Motiandad Canyon will focus attention on optimizing

future field data collection efforts, in addition to providing a systematic methodobgy for existing data analysis.

7.5.1.1 Water and Contaminant Mass Balance in the Alluvial Aquifer In Mortandad Canyon

For the stream connected

equation may be written as:

phreatic aquifer system located in Mortandad Canyon, a simple water balance

ncft@=qs-qo-qet-~ (1)

where

‘, n = average effective aquifer porosity,
. . .

h = average saturated alluvial aquifer thickness,

d/dt = total derivative with respect to time,

qs = stream leakage rate (volume/are~ime),

q. = net alluvial aquifer outffow rate (volume/area/time),

‘et
= evapotranspiration rate (volume/area/time),

f+ = seepage rate to unsaturatedtuff (volume/area/time).

The net aquifer outflow term,qo, can be approximated by a tinear relationship given as:

(2)

where ho is the stream referenced level and the parameter a is a lumped outflow constant having units of

inverse time; it is inherently related to Darcy’s law. In general, ho can be a function of time, but is usually

assumed constant since fluctuation in ho are usually much smaller than those for h. Substituting (2) into

(1) yields a differential equation of the form:

.:’ :: -...:.
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-. ndh/dt+a(h-hJ=E (3)

,. where E represents the lumped time dependent inputs minus outputs. The model represented by (3) is a

lumped parameter model in the form of a well mixed linear reservoir. The term n/a represents the hydraulic
response time (th) of the system since it characterizes the average response time of the water balance equation.

,.
Typically th will vaty between one and three months, and suggests an optimal data collection interval for water

level measurements in the alluvial aquifer system. Numerous analytical solutions for (3) are available for a wide
.,

variety of initial conditions.

The corresponding mass balance equation for the stream connected phreatic aquifer System in Mortandad

Canyon would be:

,.

n cf(W~ = C$CS- qo~-qetcet - yC + ~hr (4)

where r is a volumetric source-sink term that accounts for contaminant adddions or degradation within the flow
zone, c is the average alluvial aquifer concentration, and es and Cet are the respective contaminant

,mncentration levels for surface water flows and evapotranspiration. Generally,Cetis zero for mostcontaminants‘ .,

exk@ tritium, inwhwh case it is simply c. It is implied in (4) that the aquifer is a well mixed linear resetvoir and that

any system outflows will carry this average aquifer concentration. This assumption has been related to the

nature of twodimensional advective transport by Gelhar and Wilson (1974). Multiplying (1) by c and substituting

the resulting expression into (4) yields:

dddt + c(e/nh + k) = cs(q#h) (5)

where
e = qs for tritium c&taminated waters, and

e = qs-qetfor most other ~ntaminants of interest,

,- r = -kc, a first order decay process.

The combined parameter n~e is referred to as the solute response time (tc) since it characterizes the average

response time of (5). Physically it represents the average solute residence time in the alluvial aquifer. Typically

this value will vary widely, ranging from several months to years.

..- .,..,. .....,
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The water and mass balance statements given by (3) and (5), together with (2), form a coupied systems

description of subsurface water and mass transport in a lumped parameter format. These equations are easily

!. manipulated to supply a variety of explicit analytical solutions to a wide range of specified initial conditions.

Purtymun (1966) collected monthly field data in Mortandad Canyon from July 1963 to June 1965; hence, a

preliminary model calibration can be made. Once th and tc values are established for Mortandad Canyon, then

projections of tritium concentrations over time will be made, and compared to actual surveillance monitoring

results. This modeling approach will initially suggest optimal sample collection frequencies for water level

measurements and water quality analyses. Ultimately the lumped model will provide guidance on future

modeling requirements.

7.5.1.2 Transport from Saturated into Unsaturated Zone

This study has assembled sufficient data regarding the hydrologic properties, occurrence of moisture, and

occurrence of contaminants to attempt some modelling in the unsaturatecfzone beneath the perched aquifer. A.
Los Alamos National Laboratory numerical model, TRACR31) (Travis, 1991) developed over the last decade, will

be used to evaluate the plausibility of some of the possible conclusions regarding movement of water and
..

contaminants, especially tritium. The code models timedependent mass flow and chemical species transport in.‘.
a three dimensional, heterogeneous, sorptive porous medium, under a variety of flow conditions including

saturated or unsaturated conditions.

7.5.2 Geochemical Interactions

7.5.2.1 Transport of Different Ciasses of Contaminants

The possibility of using some of the data collected on various trace metals and the contaminants known to be in
,.

the effluent and the perched aquifer in conjunction with the TRACR3D model will be evaluated for application to

understanding the kinds of geochemical interactions important in this canyon system.

,.

,-

. .

. . .:.. . ....... .,

.
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r.

7.5.2.2 Transport of Colloid Related Contaminants

Colloids represent a small fraction of the total contaminant inventory, less than 1 percent, and have apparently

not been responsible for any significantmovement(i.e. morethan a few feet) of contaminants into the tuff

beneath the perched aquifer. Colloidtranspod mechanismsmaybe importantwithin the perched aquifer.,-,’

,.
8.0 APPENDICES

,... 8.1 Locations of Studies In Mortandad Canyon

,. Large-scale, foldout map showing topographic elevation contours, location of holes, wells,

seismic refraction, and other important features.

8.2 Previous Studies

,-..
, ~ 8.2.1 Copies of abstracts of selected special studies, taken from annotated..
.’. ,

bibliography;
,. 8.2.2 Reproduction of list of past monitoring reports;

8.2.3 Reproduction of article from 1987 Environmental

,. sediment transport; and

Surveiiiance Report on

8.2.4 Reproduction of Tables from Appendix G of 1989 Environrnentai Surveillance

Report.

8.3 inventory of Mortandad Canyon Holes and Wells
,.

Data Tables for depths, elevations, measuring points, locations, water levels, etc.

8.4 Logs for Hoies and Wells in Mortandad Canyon

Figures with Iithology, completion, and casing information as appropriate, in order of physical

location sequence from upstream to downstream.,.—

. . . ... . ..... ,*.....

,-,
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.. 8.5 Radlochemical Analytical Results

8.5.1. Hole MCM-5.1

8.5.2. Hole MCM-5.9A

8.5.3. Hole MCC-8.2

8.5.4. Hole SIMO-1

8.5.5. Perched Zone Monitoring Wells

8.6

8.7
..

,,
..,

8.8

8.9
,.

Inorganic Analytical Results

8.6.1.

8.6.2.

8.6.3.

8.6.4.

Organic

8.7.1.

8.7.2.

Hole MCM=5.1

Hole MCM-5.9A

Hole 8.2

Perched Zone Monitoring Wells

Analytical Results

Hole MCM-5.1 )

Perched Zone Monitoring Wells

Hydrologic Properily Data

Reproductionof Appendicesfrom final HydrologicLatmratoryReportfrom DanielB. Stephens, inc.

Seismic Refraction Study

Reproduction of final Seismic 13efraotionRe~fi from Charles Reynolds)Assoc.
,..

. .

. ...’- ... .,
..
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