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Hydrdgeochemical Studies of Uranium Mill Tailing Piles
at Riverton, Wyoming and Maybell, Colorado

1.0 INTRODUCTION

1.1 The UMTRA Prqjeét

The Uranium Mill Tailings Remedial Action Project covers some 22 mill
tailings‘sites spread over Arizona, Colorado, Idaho, New Mexico, Oregon;
Pennsylvania, Texas, and Wyoming. Because of the environmental concerns over
_thg potential health haéards from some of these sites that are located near
population centérs, a series of studies has been undertaken'by'the U.s.
Department of Energy. The remedial action program is aimed at deVising'.
measures that will assure the environmental acceptability of these piles.
Two remedial recourses are available: (i) Provide pfotedtive_st;ucturés in
situ whefe possible; or, (ii) move the tailings to a new; safe location. The
basic need for either al;ernative is to unders:énd the sﬁecific'natute offthé
hazards, ﬁamely, ground water csntamination and atmospheric pollhtién. Once
the néﬁure of the hazafd is known, envirénmental impact s;ateﬁents can be
prepared and protective measures can be devised for implementation by the

architectural engineers.

1.2 Previous Work

‘Investigations by Markos ana Bush (1980) indicate that mill tailings
contain numerous radioa;tive and éhemically toxic constituents and heavy metals.
In addition, presence of chemical saline encrustations on the tailings surface,
local occurrence of wet patches of tailings and other features led them to
suspect that capillary potentials as well as chemical potentials could be
. driving the fluids within the partially saturated téilings. Ihese findings,
when presented at a peer review meeting in Albuquerque during November 1980,

resulted in a consensus opinion that there is an urgent need to understand
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the physico—chemi;al mechanisms that operate_within these piles. It was felt
that theselmechanisms may coﬁtrol the'lbné4term release of contaminants to
the interstitial water.and their subsequeﬁt transport to the ground water
system. Therefore, any effort-dirécted at containment must be desigﬁed ﬁo
counter such transport phenomena. The tiﬁe constraints on the development
of this understanding were set by the programmatic need to have input to the

architectural engineers by late 1982.

1.3 Purpose. and Scope.

This is an annual report of the activitiesvcarried out by the Lawrence
Berkeley Laboratory (LBL) under thé UMTRA program duripgwfiscalvyear 1981.
The LBL study was formally funded in late May, 1981.and field work commenced
in June. Thus).this annual report essentially covers the pe;iod, June

through September, 1981.

The purpose of the study by the Lawrence Berkeley Laboratoryv(LBL) is
to de?eldp an uhderétanding the physio-chémicai méchanisms occurring'ﬁith{h
and beneath the ﬁiles. Specifically, LBL would investigate; a) the release of
contaminants to the interstitial fluid; and, b) the vertical transpdrfkdf\tﬁé
contaminants either upﬁard to the surfaée or downward to the water tablei
This investigation would determine the importan; contaminants, ascertain the
influence of chemical/osmb#ic éotentials (if "any) on fluid movement, and,
investigate the possibility of tempor31 cyc1es invthe,upward/downward movement

of fluids with seasonal changes in the moisture content of the piles.

Considering the large number of sites and the lack of certainty as

to which of those will actually have to be moved, it was decided that LBL
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should focus attention on a generic understanding of the problem by conducting

studies at two carefully selected "typical sites". The sites would be

selected with assistance from organizations already involved.in the UMTRA

‘project and personnel from Sandia National Laboratory.

The integrated field and laboratory investigation would encompass
instruméntation to'profiie the hy&rolqgicél,.geochemfcal, and fadiochémic#l
parameters within the tailings piles."A drilling and éampling program would
provide material for study in the laboratory and access for‘monigoringv
long term variables and for conducting short term transient tests ﬁn the )
field. These tests would be designed to measure the response of the tailings
and interstitial flqids to stimuli such as”precipitatiqn and wéter t;ble
fluétuations. High resolution gamma ray spgctrographic measurements of
samples.from the sites would be coupled with down-hole measurements provided
by the Sand;a Laboratories (SANDIA) to détermine the distribution of radio
elements within the tailings pile and indicate the mobility of these elements.
Fluid samples from both within the tailings and{tﬁe local g;ound‘wager below
the piles would iqentify thé mobile constituents and provide a means of
undérstanding the.interface begween the tailings and the ground water system.
This cheﬁical study wouid include the analysis of stable isoﬁopes to détermine
fluid -source and mixing as it is related to the empiacement of the pile,
current precipitation patte;ns, and ground water movement., All of tﬁis
information would be integrated into mathematical models to simulate fluid
flow and chemical transport within a tailings pile. These then would form
the data base that ié provided to the architecturai engineer fofithe design
of the final dispésal site. fhis data base will alsd provide input to others
in the UMTRA program who are concerned‘with'the preﬁafation of environmental

impact statements (EIS).



‘1;4 Methodology

The fundamental objective of the projgct is'the understanding of the
physical and chemical mechanisms that govern the release of the cbntaminants~
to the interstitial waﬁer and their subsequent, vertical transport within the

partially saturated tailings.

Experience in the field of soil physics has clearly’established that
the hydraulic conductivity of partially saturated soil decreases rapidly with
‘decreasing wa?gr saturation. Hence, the rates of water movement in partially
saturated tailings must be very small, and detecting possible seasonal changes

in the flow direction within the tailings is therefore a difficult task.

In simple, isotﬁermal systeﬁé, a common method for detecting fluid flow
is to measure the fluid potenﬁial and infer the vélocity of flow from gradients
of pafential.' The fluid pétential is equal to the sum of elevation ﬁead and
pressure head. In bartiaily'§aturated matérials, the latter is less thén
atméépheric pressure and is known as moisture suction. In practice, the accurate
measurement of’moisture suction is a difficult task. Considerable uncertainties
arise due to heterogeneity within the tailings, thermal effécts, énd, possibly
effectstdue to chemical potentialé. |

It is therefore necessary, at the outset, to take an integrated approach
to the problem by a synthesized interpretation of the’fluid flow field, using
hydrological, geochemi§31 and radiochemical data for tﬁe purpose. The key
component in the present study is the 'nest" of instrﬁments.- A nest consists of
several tensiomete;s and samplers to measure fluid préssures and to collect

water samples for geochemical and radiochemical analyses at different

depths. In addition, repeat Y-ray logging in adjacenf bore holes will also be
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carried out. These data will be augmeﬁtéd by water samples and continuous

water table measurements from boreholes adjacent to the instrument tests.

1.5 Personnel

The field operations; including drilling, sampling and instrumenta-
tion were implemented by Robert Galbraith with technical assistance from
Robert Davis. The hydrological aspects of the program are con&ucted by
T. N. Narasimhan, with technical assistancé from‘Tetsu Tokunaga and expert
advice on soil physics from Larry Waldron.' Art White is in»ch#rge of the
geochemistry.compénent; assisted by ﬁeidi Schmidt. fhe radiometric com-
ponent of the prbjéct is under the chérge of Al Smith Qith assistance from

Barbara Moed. ~T. N. Narasimhan is in technnical charge of the overall program.

1.6 Ackhowiedgemehts

We would like to thank Don Diego Gonzalez and Paﬁl O'Brien of the Sandia
National Laboratory for help in formulating and organizing this project. Our
thanks are due to Mark Mathews of ﬁranium Mill Tailings Projects Office for
all adminstrative help. The comments and criticisms of J. A. éherry (University
of Waterloo), Keros Cartwright (Illinéis State Geological Survey), ﬁichel Vauclin
(Univérsity of Grenoble) and Thomas Shepherd‘(Colorado State University),
who served on the peer review committee, Qere of éréat help in.formulating
further work. Larry Waldron of the University of California provided valuable
advice‘on the heésuremeﬁt of unsaturated soil properties. Haréld wblienberg
of LBL and Don Diego Gonzalez reviewed an earlier version of this manuscript
and R. W. Davis of LBL provided invaluable technical assistance in setting up
and conduting the field experiments. We would like to thank Aiton Mitner for

advice on radiation health safety in the field.
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2.0 SITE SELECTION
2.1 Site Visits
On March 19, 1981 a mééting was "held in Albuquerqﬁe, New Mexico, to
determine which of the UMTRAP sifes‘willgbest fit the needs of the LBLnstudy.
RepresentativeS'fromjthe Sandia Nation;; Laboratory, Geochemistry and Enviroﬁ—
mental Research Inc. and the Colorado Stéte University presented their under_

standing of the various piles. Based on the presentations, the sites at Riverton,

Wyoming and Maybell; Colorado were chosen for further site-visits and confirmation.

On Apri1>;6‘and'17 Arﬁ’White and Bob Galbraith (LﬁL) with John Nelson
and TomvShephera (Cblérédo State University) and Don Diego Gonzalez (Sandia
Nationél Labofatory) visited the Riverton and Maybell sites. They also .
visited t%o active mines in.the Gas Hills Uranigﬁ District of Wyoming to gaiq
a fif;t—hand understanding of the methods of emplacing the tailings materials.
After this visit a decision was made to carry out pilot drilling at both
sités, especially to determine ﬁhe acidity of individual piles since an

"acidic'" pile was considered to be typical for the present generic study.

2.2 Site Description
The geological and hydrological conditions at the Riverton and the
Maybell sites are bfiefly summarized below, based on-earlier reports by Ford,

" Bacon and Davis (1977, 1981).

2.2.1 The Riverton site

Geology: The Riverton pile (Fig. 2.1) rests on.S to 8 m of soil and
coarse-grained alluvium‘of the Wind River flood plaiﬁ, underlain by ;bproximately
610 m of the Wind River formation. The sedimentary formation coﬁsists of a

sequence of lenticular, interbedded, nearly horizontal sandstones, silt=

‘%
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stones and shales with minor bentonite, tuff and limestone. A simplified

stratigraphic column is given in Figure 2.2.

szrologx: The Littlé Wind River flows north-eagtwafd aﬁput a km south-
east of the pile (Fig. 2.3). The Wind River flows_eéstward about 1.5 km
north of the site. Numerous irrigation ditches‘fiowhneat.the site and empty
into marshy areasleast and soﬁth-east of the site. Because of thé'extensive
flood plain, slightly eleyated lqca;ion of the ﬁile and protection from

highway road grades, flood waters of the Wind River and Little Wind River

cannot reach the tailings pile, although they could rise within the base of

the tailings. Overland flow on the pile is limited to the prgciﬁitaﬁion that
actually falls on the site. A ditch and berm protect the pilé from off-site
runoff onto the.site and tfap overland runoff from the\file on site.
Groundwater: Thé confined ground watérs iﬁ the Wind River formation
occur under very shallow as well as deeper artesian conditions. The éﬁales
act as confining layers to water in lenticular sandstone horizons, but the
entire sequence behaves somewhat as a single aquifer. Intensfve development
of the area's ground water, including wells on the millsite, has affected
water levels, flow gradients, and artesian‘pressurea in the immediate vicinity
of the city of Riverton. The ground water flow gradient is toward the
Riverton well field, which is at a considerably greater depth;than the
potentially affected waters at the site. Recharge to the confined ground

water system occurs by the flow of wiater across permeable bedrock. The

tailings site is an area of potential recharge to the underlying aquifers of

the Wind River formation. Ground water from various horizons within this

formation is used for domestic water supplies without treatment over much of

‘the rural area. The city's well field consists of 15 wells 150 to 240 m deep.
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This Supply.is bargly'adequate to supply peak daily pumping-reﬁuiremen;s
duripg summer months. Two inactive well§ located hear'the'site‘have>sta;ic
water levels within.a meter of ground level. |

" ’The unconfined ground waters consist of watgrgiwighin tefrace deposits,
within river gllqvium, and within the shallowlbedrock ;f the wind Rivér
Formation. These sources -are hydraulicaily interconnected and act as a
single system. Due to natural topography and return irrigation flows, much
of the area is water-logged and evaporation resulfsvin salt deposits in the
soils. The wétér table at the‘sité is usually less than 2 m below the
Qriginal land éurface and‘ﬁnconfined ground water rise within the base of the
tailings. Thus, there is a potential for contamination of the'unconfined
gfound water, and of fhé surface water into which it discharges. Unconfined
ground watérs.are not'usea for domestic w;tef:supplies in the Riverton aréa_
because of the insufficient quantity or boor chemical quality of the water,

but the surface waters are used for irrigation and watering of stock.

'The tailings are protected from winds and water erosion by soil and

vegetative cover. High-intensity winds and storms are known in the area,

~and limited water erosion of some of the finer cover material is evident on

the steeper western boundary of the pile. Coarser material has not been

af fected.

Meteorology: The climate in the Riverton area is semiarid, with an
annual precipitation ofbgbout 25 cm/year. Winds in the area tend to be in

an eastwest direction. Weather data are recorded at.the RiVet;on airport.
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2.2.2 The Maybell site

Geology: The Maybell tailings pile is located (Fig. 2.4) on a gentle

southwestern slope near the head of a small drainage system.. The Browns Park

Formation underlies the site and in turn is underlain’by'the Mancos Shale.
The Browns Park Formation is primarily composed of éandstone'units, and some
shale layers within the forﬁation écﬁ as barriers to the downward and upward
migration of ground waters. A simplified strafigraphié column is shown in

(Fig. 2.5).

sztologz: The Yampa River, 8 km to the south, is the closest perennial

stream flowing through the area downdrainage from the site. Drainage at the

site consists of diversion ditcﬁes around the pile and drainage channels into
Johnson Wash, a dry tributary of Lay Creek. Lay Creek enters the Yampa River
approximately 4 km downstream from Johnson Wash. Other surface waters near

the site consists of standing\water in the inactive Rob Pit.

Groundwatef? .The.untonfined ground waters of the afea are within the
Browns Park formation and in unconsolidated valley déposi;s. The Qater table
at the site is about 45 m below the tailings-subsoil interface and the flow
gradient is to the west-southwest. The confined ground waters occur within
the lower sections of the Browns Park forﬁatidn confined by shale layers.

Deep aquifers confined by the thick sequence of Mancos Shale are also known.

Meteorology: Strong winds are common in the area and tend to blow from
the west-southwest. The average annual rainfall at Craig is 35 cm. High-
intensity rainfall such as thunderstorms are infrequent but can occur in the

Maybell area during May through October.

.
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2.3 Pilot Drilling

The final phage of the site selection ptoceéslwas to determiﬂe, through
pilot drilling, the acidity of the piles at the two sites. During mid-June,
1981 four exﬁloratory holes at Riverton and three exploratory holes at |
Maybeil were drilled usiﬁg'aﬁger holes. The drill-cuttingé were quickly
analyzed for éH at the'site andvrqugh profiles of pH veréus de?th were.
: obtained; These profiles afe‘shown in Figure 2.6 for Riverton;and Figure 2.7
for Maybell. The;iocations of these boreholes are shown in Figure 3;1'for
Rivertoﬁ and Figure 3.2 for Maybell. As cgn.be seen ftom Fiéu;esﬂ 2.6 and
2.7, the pH are generally less than about 4, indicating the existence of

the desired acidic environments at both sites.
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3.Q SITE PREPARATION

The site preparétion task washto transform the piles into a laboratory
with a monitoring network to provide the necessary field data. The instru-
mentation would enable: collection of relatively undisturbed samples for
physical and chemical measurements; cased holes for radiometric logging.
water level measurements.and water sample collection; and the collection of
data on fluid potentials and chemical composition of waters‘within'the
gnsaturated zone. Care had to be éxercized to assure that physical disturbance
of the iﬁ situ materials andAfheir contamination with drilling fluids were
kept at a minimum during the emblacement of the instruments. The procedures
followed in ordef tovachieQé these ends are given in Appeﬁdix 1. The location
of the bore holes at the two sites are given in Figures. 3.1 and 3.2. The
" details of the‘iﬁdividual bore hoies are given in Tables 3.L and 3.2. At each
site, 3 separate areas, designated A, B and C, were selected>to account for
pdtential gross spétial variability of the tailings maferial. Neéts of bore

holes were drilled at each chosen area.

Tﬁe driliing program yielded 141 Shelby tube samﬁles'for léboratory
analysis of physical, chemical and radiometric properties. Typically, a
shelby tube sample is a 7.6vcm.diameter stainless tube, about 50 cm long,
containing the tailings material. Details of the sample coilection are

given in Appendix 1.

- At Riverton, 6 cased bore holes have been comﬁleted (ranging in
'deéth from 2 to 4 m), fwo at each area, to enable downhole radiometric
logging and'groundeater monitoring. In addition 21 éiezometers have also
- been instalied in and around the pile. At Maybell, three cased bore holés

i

have been éompleted down to 41 m.
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Table 3.1
Data from boreholes, Riverton Site

Borehole Name Depth ~ Casing ID - ivDepth'to. 'Depth to

- Method Meters Centimeters Alluvium Bedrock
' ' Meters Meters
RA-1 Rotary 7.57 0.95 7.57 —_—
RA-2 Rotary 6.58 10.0 6.81 S e :
RA-3 Auger - 8.38 10.0 6.27 . 9.45
~RB-1 . Rotary 5.99 0.95 - 5.99 ————
RB-2 Rotary 5.33 10.0 5.18 L -
RB-3 Auger 8.53 10.0 4.85 ' 8.84
RC-1 Rotary 2.82 0.95 S Y R —
RC-2 Rotary 3.96 10.0 1.93 —————
RC-3 Auger’ ’ 15.0 1.92 T 4.42
RD-1 ' 5.18 VL mme— | m——— e
Piezometers
Pl . 2.71 0.95 T ——
P2 Drive 4.78 0.95 ——— ee—e
P3 Point 1.15 0.95 ———— eee—-
P4 ' ‘ 3.58 0.95 ———— emee—
" P5 1.45 0.95 ——— —————
P6 5.72 0.95 —— e
P7 6.80 0.95 ——— . eme——
P8 Dug ~0.61 10.0 —— e
P9 | 0.75 10.0 ———— T meeee
P10 1.00 3.8 —— e ‘
Pll Hollow- - 3.04 3.8 0.0 2.43
. P12 ‘ Stem 3.04 3.8 0.0 2.50
P13 Augers 3.04 3.8 0.0 @ mmee-
Pl4 - 3.04 3.8 . 0.0 - —m=e-
P15 ) - 3.04 3.8 0.0 2.28
Pl6 3.96 3.8 0.0 3.96
P17 . '
P18
"P19
P20

P21



'Borehole Name

MB-1
uB-2

MC-1
MC-2-
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Table 3.2

Data;from'boreholes, Maybell Site .

Depth . : - Casing ID

Meters : Centimeters -
14.82 0.95
41.15 10.0

4.93 - 0.95
41.15 10.0
5.61 _ 0.95

41.15 1040

" Depth to
" Bedrock
" Meters

- 13.84

13.51

3.04
3.30
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4.0 HYDROLOGY

4.1 General

The goal of the hydrology”componeﬁt of the present work is to (a) decipher
the fluid flow field in and around the tailings piles’ through the measurement
of physical parameters, (b) decipher the influence, if:any, of chemical and
thermal potentials on the fluid flow field, and (c) decipher the redistribution
of the various chemical species by tﬁe moving water. The activities during
the periéd Qnder feview were‘festricted to Ehe first of theée tasks, namely,
the”ﬁ?asurement of physical p#rameger§ contfo11ingvfluid flow. The aétivities
includea data collection in the field as well aé esﬁablisﬁing a laboratory

for méasuring the properties of partially saturated materials.

4.2 .Field Activities: Riverton

A key factor that governs ;he_sfudy of‘the hydrology of mill tailings is
the fact that the.mill_tailings materials are partially saturated. Under
conditions of partial saturation, the fluid pressure (frequéntly termed
moisture‘suctién or moisﬁure tension) is less than athogpheric. Measurement

of moisture suction and collection of water samples from partially saturated

~ materials require special instruments known as tensiometers. One can also

use these devices to collect water samplés by applying a vacuum. In this
report we shall call these sampling devices "suction water samplers" (SWS)
for want of better terminology. These devices have sometimes been called

lysimeters in the literature.

The effectiveness of a tensiometer drops rapidly as suctions approach
an atmosphere in magnitude. For suctions larger than one atmosphere,
instruments known as psychrometers are employed. However, they are more

difficult to use than a tensiometer. Preliminary data from the Maybell
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site indicated that the water table at that site lies at depths of about 50
méters below ground level, suggesting moisture suctions substantially in
excess of one atmosphere within the tailings. Theteforé, it was decided
that the initial field activities would be better directed towards studying
the pile at Riverton where fhe water table‘is sha116w and moisture suctions

of ‘less than an atmosphere could be expected.

The.ba;ié inéﬁrument used in‘thg,present stu&y is the tensiometer.
In a ﬁensiometér "nest"; several tepéiomgters.are clustered-in a smali area
and‘reach dé@n ;o.différeﬁtldep;hs. if‘wgineglect laterél vériatibnsxin
fluidlﬁotenﬁials GQer:small diétapces, Qe‘éan uée_the fluid poﬁen;iai data
from different dépthé éo determinévghe vertiéal gradient of fluid pdtentials.
In addition, we could also emplace within the nest, SWS's reaching down to
different. depths in order to discern the Vgrtical variations in the chemical

composifion of the interstitial fluids.

Tﬁe explorétory drilliﬁg work at Riverton.indiééted that the tailfngs‘ :
materials‘are partiéliy séﬁgra;ed and’heterogengous.' On ;he small scale; |
changes iA matéfiéljprébertiés'éoul§ occur over a'diétance of-a few céntiﬁeters,
while on the largest‘;caie, the materials were_foqnd to>bécqme progressiyely
finer aé one procéédslffbm ﬁhe west t§ thé east end qf ghe tailings pilé.
Accordingly, it was deéided to ghose three sefarate iqcations within tﬁe
tailings along‘an easé;;est line to cover the gfoss Hetér§geneity and té-haye
é pair of tensiometer-SWé nests at each location to ;ccount fof small scaie
heterogeneity. ‘As shown schemétically in Figure 4.1, each tensiometer nest
consisted of five tensiometers, with the porous cupswemplaced at depths of
.31 m (12 inches), .47 m (18 inches), .61 m (24 inches); .76 m (30 inches)

and .91 m (36 inches). These were arranged in a circular pattern with a--
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Plan View
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Fig..A.l Schematic represeﬁtatidn of a tensiometer nest

with soil water samplers (SWS)
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diameter of .61 m (2 feet). Each tensiometer was accompanied by én SWS
located very close to it, to collect water sampleg from the same depth.
These sites are designated RA, RB and RCv(Fig. 4.2). At each siﬁé, the

separation between the two nests was about 2 meters.

During the reporting period, both passive and active monitoring were

carried out. The passive monitoring consisted of measuring the fluid

potentials as a function of depth and time under prgvailing natural conditions.
The.active mOnitoriﬁg, on the o;her hand, consisted of a series of three
infiltration tesgs invwhiéh water was applied at the surface of the tailings
at‘a controlled rate and the fluid potentials monitored as the water infiltrated

into the tailings.

4.2.1 Passive Measurements The purpose of the passive measurements was to

dééipher the vertical movement of water within the tailings under natural con-
ditions. At each of the three sites, one nest was dgdicated to passive measure-
ments,.while.the o;hers were used for infiltration tests. At all thrge sites
the infiitration tests showed no influence on the neighboring passive nest.

This is toibé-éiﬁéétéd since the fléw”is;eSSEﬁtially'vetticalfwifhiﬁ the
partially saturated tailings material. The observed undisturbed potentials

are shown plotted in Figure 4.3, for the period August 25 to September 25.

At the outset one can see frovaigure 4.3 tha£ the potential profiles
have remained more or less stable at thé three sites over a one-month period.
At all sites, the potentials decline towards the land ‘surface. The depth
of the water table at site A was about 4.8 m, at site B about 2.3 m and at
site C between 1 and 2 meters below ground level. If we recognize that

fluid pressure at the water table is atmospheric, then the fluid potential at
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the water table equals elevation above datum, which in our case is the sur-

face of the tailings. Thus, one can infer that below a depth of about one

meter beneath the surface of the tailings, the fluid'potentialigradient must

be downwards. Clearly, there is no hydrostatic equilibrium within the téilings.

If we completely neglect chemical potentials and thermal effects, the
profiles of fluid potentials would indicate an upward movément of water -
within about a meter of'tﬁe tailings surface and a dbwnwafdvmovement of water
within the central part of the tailings. The actual fluid fluxes or velocities
are not known since we do not khow thebhydraulic conductiﬁity of the mate:ials.
Hydraulic cohductivity measurements of samples collected from‘the'taiiings
will be determined in the laboratory during 1982. Since hydraulic condgctivity

decreases rapidly with water saturation, the fluxes should indeed be very small.

4.2.2 Infiltration Experiments: One infiltration test was conducted at

each of the three sites'aF Riverton. The purpose was to gain Auaﬁtitativé
insights into the hydraulic conductivity'chafacteristics of the materials ih
situ. All the tests were of the constant-head type, with simultaneoqs

me asurement of the inflow rate at the tailings surface. At each.site steel
rings of 0.91 m (3 feet) diameter and 0.45 m high enclosed each of the
tensiometer nests. The other nest continued to make passive measurements.
For assuring direct contact of water with the failings, coverlmaterials were
removed at sites RA and RB and a veneer of pea gravel was placéd above the
tailings surface. This highly permeable material also prévented the scouring

of the tailings surface as water was quickly poured on the surface at the

beginning of the experiment.
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To assure the desired qonstantfhead condition as well as to accurately
measure the inflow rate as a function éf time, the following apparatus was
constructed (Fig. 4.4). The main part of #he apparatus is a gréduated i
plaétic:bottle which éerves as a reservoir‘for watef. fhe faucet at the
bottom of this bottle is provided with a small pump which is 6perated by_
a float switch. The switch is activated when the water level within thé
cylinder falls below about 3 mm of the éonstant potential surface. ‘The
switch is automatically turned off when the water level fises back to
the constant potential surface. By monitoring the water levél withiﬁ the
reservoir,ltﬁe rate of water influx into the tailings is continuously
known. During the infiltration tests at sites RA and RB, a brqmide trécer
was mixed with the water. Tﬁe water samples collected from the SWS's during

" these tests are yet to be analysed for the content of this tracer.

The infiltration tests at sites RA and RB were conducted on August 25,
1981, Tests at site RC were conducted on September 26, 1981. The data collected

during these tests are graphically depicted in Figurés. 4.5 and 4.6.

The infiltration fronts ét all three sites were’sensed:by the tensio-.
meters within an hour or two of the start of the expgiiments, suggesting
fairly significant permeébility for the tailings materials. As can be seen
from Figure 4.5, the ﬁotentials build up rapidly in the tensiometers and the
potentials approached vaiués corresponding to unit hydraulic gradients at
long times. When.the prescribed head at the tailingé surface exceeds 0, the
soil belsw can»become fully'sétﬁraCed and develop positive pore pressures at
long times. The prescribed heads at sites RA and RB'were 0.1 m while at site
C, it was 0.03 m. However, since the pressure gages‘in the tensiometers could

only read up to an atmosphere, we do not know if the pressures in some of the
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Infiltration Test Potential Profiles - Riverton, Wyoming
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tensiometers actually exceeded atmospheric.pressufe. Under the circumstances,
the long-term unit hydraulic gradient pquile is taken to be an accepfaﬁle
approximation. This assumption may lead to a‘slight over-estimation of

hydraulic‘conductivity.

The cumulative infiltation as a function of time for all the tesﬁs
is shown in Figure 4.6; At any:instant, the slope of these curve should
indicate the infiltration rate. If we assume that the long-term potential
profile has a unit hydraulic gradient, then, the slope of the curves in
Figure 4.6 at large times should give an estimate of thé saturated hydraulic
‘conductivity of the tailings materials at the three sites. As shown in

Figure 4.6, the hydraulic conductivities for the three sites are:

‘Site RA 8 x 10-4 cm/sec
Site RB ' 2.8 x 10-3 "~ cm/sec
Site RC 4.8 x-10-4 cm/sec

As already mentioned, these estimates are likely to be an upper bound, since the -

unit hydraulic gradient assumption is a likely underestimate of the actual gradient.

Both at sites RA and RB thevtensiometers were monitored again about
a month éftér the tests. As can be seen from the plots for these sites in
Figure 4.5, the potential profiles have migrated to the left from the maximum
Vvalues attained after the infiltration tests.. Over the period of about a
mopth, the excess moisture supplied by the test and stored temporarily .
in the upper one meter of the tailings has gradually been redistribﬁted,
presumably by‘vertically downwards drainage. It is partiéularly‘interesting
that in both cases the profiles for September 25, 1981 lievdistinctly to
the right of thosé prior to the commenceﬁent of the test. This is clearly an
indication that the hydraulic conductivity of the tailings under partial

saturation must be extremely low.
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4.3 Laboratory for Soil Physics Measurements

During the pe;iod gnder review, efforts were initiated to‘establigh a
laborator& for measuring the properties of partially saturated soils an& to
conduct flqid flow as well as chemical transport expefiments; When completed,
the lab will provide particle size distribution; determiﬁation of porous
materials by'sie&e analysis and sedimentation; determination of porosiﬁy;
determinétionvof saturation characteristic as a funcﬁion of moisture suction;

and determination of hydraulic conductivity as a function of moisture suctiom.
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5.0 GEOCHEMISTRY
5.1 General : - ' s ~ |
The prinéipal objegtive of the géoéheﬁistff comﬁénenf of the Study
is to geneféte field and laboratory data t;‘help understand the‘cﬁemical
transport'ﬁrocésses within the tailingé as well as to understand the chemical
interactions at the interface between the failiﬁgs and'thé wétér table,
‘Additionally, an effort is undef way tbv;déﬁiify the'spécific’ch&factéfistics
thét &iétinguish waters within the pértiélly and fully'saturated pértsnofwchev
tailings, and within the shallow and deep aquifers. The proposed methodology
includes anglysis of carefully collected water samples from ;ainfall/sﬁow;
streams aﬁd ponds; the tailings; and from wells tapbiﬁg the shallow and
deep aquifer. The samples are to»beranalyzed for major and ﬁinor constituents,

pH, eH and specific isotopes.

5.2  Field Activities at Riverton

Between quly and'September, 1981, three separate trips were made to the
Riverton site for geochemical data collection. Additional shallow holes were
drilled at locations away from the pile (up to 50 m 1atetally from site) in
the shallow gravel aquifer in order to evaluate differences in the'aquifer
chemistfy and the potential inflﬁence of downward and lateral transport from
the overlying tailings. .Several additional holes were also drilled and
'.sampled within the tailings. Field measurements included pH, ;edbx, dissolved
~oxygen, conductance, and total alkalinity. Results are summarized in Table
15.1. Six nests of water samplers (SWS) were also emplaced at the Riverton
site at depths ranging from .31 to .91 m in the unsaturated zone. Several of
the SWS'S contained étanding water after sitting at-atmospheric pressure for

several weeks. All the samplers produced water (maximum quantity, approximately
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250 ml) when subjected to épplied vacuum for several hours. Controlled
' infiltratiqn tests (seétion 4 of this report) were conducted at two of the
nests ﬁsingAbromide-taéged water. ‘Additidnal chemical samples were collected

after each test.

A pre;ipitation collector was constructed at Riverton to obtain tritium,
deuterium, and oxygen-18 content of the recharge water. The brecipitation
was collected in‘doublefply plastic bags.suspended'in an 18-inch vertical
sténdiﬂgipipe. A consfricﬁioh in‘the lowér third.of'the‘bag.aliows a minimum
of atmpépheric interaction-once thg water has flo&ed down through the narr;w
o;ifice. Two separate precipitation samples have been col}éctedtto?date.
By using a'peristaltic pump and me;ering system, gas samples frombthe Riverton
tailings were collected from piezometers inserted at various depths within

the tailings.

During September, 1981, the first water samples were collected at
Maybell. Two of ‘the drilled holés were sampled using a submersible pump.
The remaining hole plus two previously existing wells were bailed and samples

were collected.

5.3 Analytical Results

Tables 5.1 ‘and S.Z.respectively cont;in the current data for measured
field'pérameters'and major chemical compoﬁents‘for the Riverton and Maybell
sites., All of the analyses are being carried out at LBL with the exception
of sulfate,*which is being done by Coors Spectrochemical Inc. in Golden,
Coloradb.;The'last column mérked C/A afé thé relative ratios of cations to
aniéns indicating the relative accuracy of the results. In Table 5.1 the
wells labeled P5, Pé through P21, and RA through RC are completed in the

shallow gravel aquifer directly beneath or off site from the Riverton tailings.




Table 5.1

Chemical Analyses of Water Samples from and around the Riverton Site

(Units are mmoles/! except a&s noted)

Specific
Conductance :

Well # (umho/cm) pH Ex D)0  Alkalinity Na Mg K Ca Si . Ccl Fe Al S0, C/A
Pl 6/11 12,900 5.89 -— -— --- 37.3 24.9 2.25 12.1 --- 4.03 57.6 -— 107.18 -
P2 6/13 19,300 3.29 —- - -— ©136.5 42.8 3.17 16.6 - 3.76 137 - 279.92 _—
P3 6/11 Dry -— 3.29 -— — - L m-— ~—— -— -—- -—- - -—— -—- - -—-
P4 6/11 bry -— - -— —-—- -—- -— —- - - - --- - ——— ——— ———
P5 6/11 1,280 7.13 -—- -— 5.40 3.33 1.40 263 3.19 325 1.02 002 —— 4.00 .88
P6 -—- --- -—-- - -— - - -— - - ——- -~- == - -
P7 — —— -— - -— -— -— ~—— -— - ——= - ——— -—- -
P8 6/10 600 7.61 —- -— 4.95 3.10 .815 .198 2.17 .3 0.347 .002 — -— —
P9 6/10 5,500 6.35 -— -— 10.6 27.5 5.62 677 14.6 .568 1.96 .035 -— -— -——
P10 6/10 2,900 7.40 -— - -—- -— -—- -— - —-- -—- --- - -— —
P11 7/15 3,900 7.40 -— - 6.08 17.1 3.39 228 7.56 .595 4.68 .003 — 14.36 .99
P12 7/15 1,600 7.6 —-- -—- 5.91 9.31 1.13 217 2.52 457 1.41 .002 -— 5.39 .93
P13 7/15 4,300 6.56 -— -— 6.49 17.3 4.03 .619 13.9 .089 2.95 .090. — 22.58 .99
Pl4 7/15 3,600 7.53 -—- -—= 6.91 10.9 4.53 .900 9.32 L7167 3.07 .006 -— 15.19 .98
P15 7/15 1,830 7.50 — -~ 6.43 6.76 2.17 .215 4.54 .586 2.61 .002 - 6.50 .93
PL6 7/15 - 940 7.0 -_— - 4.3 3.93 .905 105 1.76 .548 +.817 .003 -—- -—= —-—
P17 8/28 4,800 - 6.97 -— — i1 24.8 6.71 909 20.7 463 2.92 .009 - —— ———
P18 8/28 4,400 6.70 —-——— -— 15.1 18.5 4.83 1.20 17.9 .249 2.25 075 —— -— -—
P19 8/28 3,700 - 6.70 ——— —— 6.24 9.67 3.57 .957 17.6 142 1.74 .048 —-——- — -—
P20 9/24 4,400 - 6.60 -70 5.80 12.5 30.8 5.66 415 25.9 .570 1.71 .376 -—— -— _—
P21 9/24 3,100 6.79  -350 7.52 10.9 1n 3.36 213 10-.1 .676 1.28 .016 - - -
RA2 8/28 2,200 6.99 -—- -—- 2.48 6.26 .230 .235 9.32 - 347 140 -—- — —
RA3 8/26 -— -—- -500 1.00 —— e - -— -—- -— - -—= ——— -—- -—

" RB2 8/28 1,200 7.30 -—- - 7.8 6.22 A77 .278 3.53 - 453 .007 —_— -— -—
RB3 9/25 3,700 7.32 -37 -— 8.30 ‘18.2  3.36 2717 11.6 .392 1.13 .009 -— -— —
RC2 -— - - — — — - I _— _— -— — — —- ——
RC3 8/26 —- - -30 4.30 -— - -— -— --- - - -—- - -—- —_
Bromberg 920 .8.80 —_— -—= 2.57 . 1.84 .004  .010 .210 .131 .481 .002 - 2.76 .97
Brown 630 9.10 - - 3.47 5.69 .000 008 - .090 .148 .149 .003. -— 2.09 15
Nipper 800 8.91 — --- 2.47 7.13 04 .01 - .185 .13 .359 .002 2.39 .99
Raymond 725 8.90 ——= - 3.3 6.70 .000 .010 - .132 .150 235 .002 — 2.14 1.04
Schlotter 1,090 7.75 ——- ——= 4,01 5.36 124 .133 1.92 .566 3.91 . .002 — 1.56 .98
AG2 1,120 7.52 ~-- -—- 5.10 6.43 1.63 219 2,678 .452 694 .003 --- 4.13 .95
Little Wind River 250 8.21 -— -— 1.60 0.53 .218 .051 715 .103. .065 .002 -— — _—
Wind River :

@ Bridge

Little Wind River 290 8.25 -——= -—= 1.25 0.672 .342 .037 .660  .228 .081 .002 — 0.82 .10
@ St. Stephens - s

Acid Plant Well 650 8.91 - --- 3.40 6.21 .002 .009 165 166 ..332 .000 _— 1.39 1.01
Pond #1 3,600 7.79 - ~—- 3.00 18.6 4.03 L2642 B.B4D 142 4.1 009 - 16.¢2 112
OH-1 — —— ——— - ——- 6.21 U2 006 L2700 192 857 L002. -—- - 2.21 ——-
OH=-2 8,700 7.85 - ——= 2.30 1.76 Ly .ulo 385 152 638 L0072 - 2.76 1.01
08-1 650 9.5%5 ——— -—= L7950 6.4 006 RIlIPE .255 212 .910 002 _— —— .

’.‘- Lol

8¢
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Table 5.2

MAYBELL, COLORADO ~ Groundwater. Analyses (mmole/l unless otherwise noted)

Specific
Conductance Ey D.0
Well ¢ (ymho/cm) + pH (mv) (ppm) Alkalinity Na Mg K Ca Si cl Fe A S04
MA 1 9/22 4,700 6.19  +210  --- 8.46 15.7  4.20 .508 20.7 1.03- 1.22 .005 - -—
MB 1 9/22 4,000 6.81 +255 -— 4.50 3.55 4.63 Y 16.9 0.997 3.14  .005 —_— -—-
MC 1 9/22 5,600 6.00 +240 -— 7.70 10.9 5.24 - .662 - 1.21 1.54 .010 -— —
k-1 9/23 5,600 6.40 +191 8.40 “13.1 9.76 0.4946 .692 18.4 0.570 2.44 .002 -~ -—
Observation 9/23 700 7.40 +150 8.35 "4.30 0.530 5.24 .087 0.819 - 2.443 .007 — —

- 2.93

6t



40
The fgmaining wells are completed in the deeper, Wind River Formation.
Cheﬁical analyses are also shéwn for the two néarby fivers, the Wind River
and the Little Wind River, and a nearby pond. In Table 5.2, samples labeled
MA, MB, MC, and the observation well are from holes completed in the Browns
Park Formation underlying the Maybell.ﬁafliggs. K 1 is from a shallow‘well

in the gulch directly down gradient from the tailings.

Table 5.3 lists the results of the soil gas analyses from a number of

samples taken within the Riverton tailings.

A number of samples were aiso collected from the Riverton and Maybell
sites for isotopic analysis; specificrisoﬁopes of interest include deuferium,
oxygen—-18, carbon—13; and sulfur-34. Many of the analyses have yet to be
performed by outside laboratories.. Available data for D/180 are given in

Table 5.4 and for tritium in Table 5.5.

5.4 Intérpretation

One of the aims of the pfogram-is_tovunderstand the extent of and
chemical mechanisms of vertical and laterai transéortvfrom beneath the
téilings. Figure 5.1 shows variations of field parameters measured in
ground water in the shallow gravel aquifer beneath the Riverton tailings.
Upper values iﬁ tﬁe brackets are pH and the lower vaiues, total conductances
(umho/cm) which reflect total contents of dissolvéd éolids. As indicated,
groundwater situated off site (P11, P12, Pl4, P15, Pf6) is slightly basic
with.pH rangiﬁg from 7.40 to 7.60. Ground water diréctly beneath the tailings
(RA, RC, PS; P21, and P22), however, is less than nedtrél (range 6.99 -
6.60). The only sample which is basic is.P5 which may reflect mixiﬁg from a

nearby irrigation canal and the thin tailings in this area.
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TABLE 5.3

Gas component analysis from the unsaturated zone
of the Riverton mill tailings (WT%)

Sample ‘ -

site . 0y =Ny .. COp . Hy0
RB#L  76.8 13.4 9.8
P2 92.9 0.45 6.6
-3 o 80.8 9.6 9.6
p-a  75.7 18.2 6.2
p-6 67.8 23.6 8.6

P-7 59.5 31.4 9.1

TABLE 5.4

Deuterium/oxygen-18 ratios for Riverton
groundwaters (reported as parts per mille
deviation from SMOW)

Site No. - 18 "D
pP-1 - 16,22 - 131
p-2 : - 16.70 - 133
P-5 - 16.91 - 133
pP-8 - 18.07 - 130
P-9 . ) - 15.15 - 124
p-10 , - 16.44 - 128
Well C#2 - 17.48 - 131
0s-1 - 17.94 - 139
Acid Plant Well - 17.46 - 133
wind River - 17.40 - 132
Little Wind River - 17.13 - 123
Pond #1 - 10.77 - 104
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TABLE 5.5

Tritium analyses for groundwaters from and around
the Riverton site (reported as Pic/1)

Site No. : Concentration

p-1 2.09 (+ 0.24) x 102
Shallow P;9 2.21>(t 0.25) x 102
Gravel P-11 2.31 (¢ 0.27) x 102
Aquifer site C 3.09 (¢ 0.35) x 102

Schotter well 2.15 (£ 0.24) x 102
Deep Wind )

Brown well 4.16 (+ 1.8) x 109
River Formation

Raymond well 3.8 (¢ 1.6) x 100

Aquifer
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TABLE 5.3

Gas component-analysis from the unsaturqted,iqne.
of the Riverton mill tailings (WT%$).-. ,

Sample . e

site . .. 0p = Ny €Oy .. Hp0. ...
RB #1 . 76.8 13.4 ;?LB
p-2 92.9 ° 0.45 T 6.6
P-3 ,: 80.8 9.6 9.6
P-4 75,7 18.2 :‘6#3
P-6  67.8 23.6 8.6

p-7 , 59.5 31.4 9.1

TABLE 5.4

Deuterium/oxygen-18 ratios for Riverton
groundwaters (reported as parts per mille
deviation from SMOW)’ ’

Site No. o 180 D
p-1 - 16.22 - 131
p-2 - 16.70 - 133
pP~5 - 16.91 - 133
pP-8 - 18.07 - 130
P~9 o . =15.15 - 124
P-10 ' . - 16.44 - 128
Wwell c#2 ‘- 17.48 - 131
os-1 - 17.94 - 139
VAcid.Plant Well - 17.46 - 133
wWind River . - 17.40 | - 132
Little Wind River - 17.13 - 123

Pond #1 - 10.77 - 104
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TABLE 5.5

Tritium aﬁalyses for groundwaters from and around
the Riverton site (reported as Pic/1)

Site No. ' Concentration
™
P-1. 2.09 (& 0.24) x 102
Shallow pP-9 2.21 (% 0.25) x 102
Gravel p-11 2.31 (¢ 0.27) x 102
Aquifer _ Site C 3.09 (¢ 0.35) x 102
Schotter well . 2.15 (t 0.24) x 102
Deep Wind - i
Brown well 4.16 (+ 1.8) x 100
River Formation
- Raymond well 3.8 (¢ 1.6) x 100

Aquifer
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Ground waters collected from points beneath trenchés immediétélfnédjacenﬁ
to the tailings on the south (P9, P13, P17 and P18) and on the easﬁ (P19)
have an even lower pH (ranging from 6.70 to 6.35). This data suggests that
acid seepage from the tailings and trenches has not been totally neutralized
or buffered by carbonate minerals within the goil zone or the aquifer. The
high concentrations of COy in the’tailings (up to 31.4 wt%) suggest that

at least some neutralization occurs, probably by the reaction:

,H2804 + qaC03 -> CO2 + 03804 + HZO

(Tailing acid) (soil carbonate)

It is interesting to noteé that the éne low COg value in Table 5.3
opcﬁrred over an area of the tailings pile which is underlain‘by the plastic
liner encountered during drilliné. As expected, sucﬁ a liner would act as a
barrier to upward movement of COy produced by_aéid-carbonate reactions in

the soil zone.

The available data from off-site locations éuggests that an acid component
has not moved laterally from the tailings. However, no off-site ground water
information is yet available from directly south of the tailings due to property
boundaries. Based on surface drainage patterns and gradients, the probable

direction of potential lateral transport would be southward.

As discussed under hydrology, a deeper aquifer (300-400 m) lies under the
shallow gravel aquifer and tailings pile. Thevquestion arises whether elements
will be transported downward from the tailings into the deeper aquifer which

is the major domestic and agricultural water supply for the surrounding area.
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Figure 5.2 shows a plot of the deuterium oxygen-18 content of the shallow
and deep aquifer as well as those for the Wind River and Little Wind River.

Values are expressed as 8D and 6180 which are the deviations in parts per

mille from standard mean seawater (SMOW). The solid line is the "Craig line"

for meteoric water for North American precipitation. As expected, the

data, including precipitation from saturated air masses, generally plot close

‘to the line. The two points which deviate from the line, P9 and pond #l1,
. 3

represent very shallow or standing surface water\bodies which have been
subjected to evaporative fractionation. The similiarity in the composition
of‘the shallow and deep groundwatgr and the rivers at the Riverton site
suggest é common origin of the thrée. Most probably both the shallow’gfavél

aquifer and the Wind River aquifer are both recharged from the nearby rivers.

"The tritium values for samples taken from both the shallow and deeé
aquifers are given in Table 5.5. As indicated by fhe relatively high contents
of 3H, the.éhéllow gravel aquifer has received significant éost bomb water
(age < 30 yéars). ‘The very low’3H concentrations in the deep aquifer
indicate that this wafer is generally older than 30 years. The isotopic
results suggest Ehat although both Aquifers within the flood plain havé
recgived surface recharge from the rivers, the relative cycling rate must be
much highei in the shallow aquifer than in the deeper one. This result is
also confirmed in the triangular composition plots for cations and aniqns
shéwn in Figures 5.3 and'5.4. As indicated, a relative trend of increasing
sodium over calcium exists in the order of: rivers < shallow aquifer < Wind
River formation. This trehd is probably due to brogréssivg sodium-calcium

exchange which is a function of increasing residence times and length of flow

paths., As indicated in Figure 5.4, the anion ratios of HCO3~, Cl~, and
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S04~ are much more similar in composition than the cation ratios for the
three water types, which is indicative of a sodium-calcium ion exchange
process. The conclusion drawn from the above information is that no direct
hydrologic connection appears to exist between the shallow gravel aquifer
and the deeper.Wind.River aqﬁifer err time-frame of tritium data (v 30 years).
Because no perceptible verticél water movement exists with depth, no
chemical or radiochemical contamination of the deeper aquifer is expected
over periods of several decades or several tens of decadeé, reggrdless of the
type of chemical transport and reaction processes that may occur unéér the
tailingsf The greatest potential.for off-site ground water contamination
therefore is lateral transport in the shallow flood plain alluvium which

appears connected hydrologically to surface flow in the Wind River and Little

Wind River.

\»

Geochemistry of water in the unsaturated zone within the tailings is
.just beginning to be interpreted at the close of the reporting ﬁeriod. The
fact that in-situ water samples were successfully collected by suction
water samplers for the first time in an UMTkAP tailing pile will be of great
interest in determining upward andkdownward mobility of specific chemiqal and
radionuclide species. Initial data indicate definite elemental profiles
within the tailings, as demonstrated in Figures 5.5, 5.6, and 5.7. The
relative abundance of sodium and éalcium appears to decrease with depth along
with a cof;esponding increase of magnesium. Such trends may be related to
dissolutidn—precipitatibn reiations involving sulfate'sﬁecies such as NajS0O4,

MgSOy4, and CaS0y.
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6.0 RADIOCHEMISTRY

6.1 General

The goals of the radiochemispry component of fhe'present study are:
a) to identify the most important radioactive elements present within the
tailings piles; b). to study the relative abundances and vertical distributions
of these elements within and immediately'below.tﬁe tailings; c) to obtain-
direct evidence; if possible, of the movement of water withiq the piles by
repeaﬁed downhole radiometric logging of selected ﬁolés duéing different
seasons and d) to semi-quantitatively inQestigate maﬂifestations of radio-

active materials on the surface of the piles{

6.2 Instrumentation

The key elements in the present radiochemical studies are three differeng
types of Y-ray detection instruments. The first of these is a portable instru-
ment which employs a NaI(T%) Crystal. It is best suited for observing materiais
of lowest activiﬁy and is ideal for runningvrapid radiometric tfa§erses on the

site to locate "hot" spots and for general reconnaissance work.
; p g

The other two instruments are state—of-the art devices and fall into
the general category of high-resolution Y-ray spectrometers. Both of them’

are based on the use of a pure Germanium Crystal detector and have the ability

to differentiate many specific radionuclides in mixtures of high radioactivity

materials.

A prototype highrresolution Y-ray spectfometér.using a Germaqium
detector has béen constructed by SANDIA for purposes of downhole radiométric
logging. This inStrumeng; developed for exploration of r;dioactive mineral
deposits will be adapted for the present study. It is proposed to use this

tool for repeated, seasonal logging of selected boreholes.
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If successful, these logs should help idéntify specific radioactive signatures
whose changes in position with time may throy light on the vertical transport
mechanisms within the piles. 1In addition to the Germanium detector, the
above instrument also has pulsed neutron sources which make the instrument
potentially capable of much widef applicaﬁions thaﬁ visualized in the present
project. .Its use iﬁ'the present study wiil be limited to down-hole loéging'
purposes during scheduled periods. The initial use of the prototype instrgment
is to be coordinated with the proposed assay program of SANDIA to be conducted

starting early in Fiscal 1982 at Riverton and Maybell.

For purposes of detailed, day to day analysis of samples from the field,
LBL assembled and tested a non—-portable high resolution Y-ray spectrometer by
late August -1981. This laboratory-based instrument is now in use and has been
used to meésure radioacti#ity profiles in the Shelby-tube samples already

collected from Maybell.

6.3 Field Activities: Riverton Site

6.3.1 Surface Y-ray intensity survey: During June 1981, a yY-ray survey

was conducted on the Riverton Site using the NaI(TQ®) instrument. This
survey is of considerable interest since the pile had been similarly surveygd
in 1976 by the Oak Ridge National Laboratories (ORNL) (Hayward et al, 1980).
The present study revealed a much wider range of Y-ray intensitieé than could
be expected from the ORNL study. Numerous small areas, usually darker in
color than the surrounding cover material, produced intensities up to about
500 uR/hr,_in coﬁtrast‘to an expécted_maximum of about 100 uR/hr. An attémpt
was made to repeat one of the previous (1976) traverses across the width of

the pile, but with much closer spacing of survey points. This traverse

£

.
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confirmed the possibility that the previous survey missed the highest inténsity
areas due to the felatively wide spacing of measurement points. Howevef, the

LBL survey does suggeéf.that the Y-levels are now elevated in compafison to

‘the 1976 levels. If this observation is true, the present higher levels

could be at least partly a consequence of wind erosion of cover since 1976.
The elevated levels could also be due to widespread upward migration of

radionuclides through the cover material.

Intercalibration of survey instruments might resolvé whether this
diScrepénby actually reflects a change of in-situ conditions, but may not be

possible due to the intervening years.

6.3.2 Shallow pit samples: In addition to the spectrometer survey,

shallow pits were excavated at several locations on the Riverton pile to
search for evidence of upward migration of contaminants in the zone between

the present surface of cover material and the upper layer of tailings.

" Iron-stained horizons were frequently observed at some distance into the

cover material. Samples of several visually distinct materials were obtained.

" Samples were also taken from several depths in the cover material, as a means

to search for vertical gradients in radionuclide content. Details of the

laboratory analysis of these samples are given in section 6.8,

6.4 Field Activities: Maybell

6.4.1 Surface Y-ray Intensity Survey: A Y-ray survey, similar to but

more extensive than the one already described for Riverton was carried out
at Maybell during June 1981. This was done using the NaI(T2) instrument.

For purposeé of standardization and convenience, the grid map devised by
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SANDIA for its assay program was used for locating the measurement sites.
The results of the survey are shown plotted in Fig. 6.1. The observed
Y-intensities ranged from 30 to 600 uR/hour. The higher intensities_were
cbhfined to certain distinct areas of buff and gray color devoid:éf vegetative

cover.

6.4.2 The Browns Park Formation: Two samples were collected from the

Browns Park which underlies the Maybell tailings pile; The sémples consist
_of cuttings thained during exfension‘of hole MB-2 from its previously-caséd
5;8 m (19 £ft) depth to below the water table (encountered at 27f4 m (9Q ft)
'during drilling) . These samples Are belieQed to represent material that is
free from direct contamination by any of the drilling operations. Sampling

depths are only approximate since the material was collected from air drilling.

6.5 Loggin§ of césed Bore Holes
The downhole radiometric loéging of cased boreholes is to be conduqted
in colla#oration with the SANDIA group, using their proto-type tool. The.
SANDIA group can deploy two different instruments, capable of implementing
three different techniques: |
1) "paséive" high-resolution Y-spectrometry,-a multielement
technique based on detection‘of Y-rays from radioactivity
that is present prior to the logging activity:
2) "active" high-resolution Y-spectrometry, a multielement
. technique based on detection of yY-rays that accompany
deexcitation of nuclei that have capturéd (mainly)
thermalized neutrons that originated as 14 MeV neutrons
from a pulsed neutron source located in an adjacent

'section of the logging tool;

©
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3) pulsed fission‘neutron scanning, a uranium—spepific tech-
nique based oﬁ detection of neutromns that accompany the
fission of nuclei'byb(mainly) thermalized neufrons which
originateq as 14 MeV neutrons from a pulsed neutron source
located in an adjacent section of the logging tool.

. One tool, containing a neutroﬁ generator and a highfresolution
Y-detector, performs the first two measurement techniques; Tﬂé second
tool, coﬂtaining a neutron generator and a neutron detector, performs
the third measurement technique.

'The first 1oggingvsession is expected to commence early in fiscal
1982. During this session, all the aforemen;ioned techniques will be tried.
Comparative evaluation'of~;esu1ts from these techniques will provide guide-
lines for their ;pplication in subsequent logging sessions of the long-term
monitoring prograﬁ. )
6.6 Laboratory Activities

6.6.1 New Instrument: All basic units of the high resolution Ge crystal

Y-spectrometer were received, tested, assembled and calibrated for routine

data aquisitiqn. This system includes a main-frame multichannel pulse ﬁeight
analyser unit Qith the gapacity to store 16,000 channels of speétral data;
along with input routing which permits data collection f;om four detectors at
(essentially) the same time. Three high-resolution detectors are commonly used:
the newly acquired high-purity coaxial Ge-crystal to examine the energy range‘
from about 100 to 2700 KeV, and two high—purity planér Ge-crystals to examine
the energy range from about 30 to 400 KeV. The initial data coliection

effort was desigred to provide background information that will be useful
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during the first field season, during which the major activity will be down-

"hole logging with.the SANDIA high-resolution Y-spectrometer system.

6.6.2 Radionuclide Decay Scheme Information

The decay chains of the three naturally-o;curring radioactive series
(the U-238, the U-235, and the Th-232 series) a;e>long and compiex.>/§reat1y
simplified versions of each are presented on Figurés 6.2, 6.3, and’6.4,‘as an
aid to improve clarity of the subsequent discussions. This information is

organized to emphasize the viewpoint of Y-spectrometry, as described next.

The pfesence of a half-filled diamond éttached to the lower right of a_
nuclide emblem on Figures 6.2, 6.3, and 6.4, signifies that the nuclide QEEEZ
is accompanied by Y-ray emissioﬁ that is regularly useful for quantitative
determination by the Y—spectrometrié methods -employed here. The presence of
an open diamond signifies that Y-emission is sqﬁetimes useful, usually when
this_ﬁuclide appears in’abundaﬁce far greater than in the equilibrium series
case. The absense of a diamond signifieé the nuclide cannot be detected by
these methods. The dashed boxes enclosing certain groups 5f nuclides identify
close éssociations among members that derive from the capabilities of
Y-spectrémetry,vés modified by the.éffects‘of different Halfliﬁeé for the

various nuclides.

Nuclide.halflives enter into the analysis in a speéial way. Due to
the chemical processing of the tailings material, disequilibrium conditions
must be expected in all sampling situations. In particular, the defectioﬁ‘of
one spécific nuclide cannot be used to iﬁfer_the presence of an earlier
member (as is the case when equilibrium exists), unless and until appropriate

half-life dependent parameters of ingrowth and decay are correctly applied..
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For éxample, disequilibria that may exisﬁ among thé members

Ra-226 — Rn-222.-_;.- - - Bi-214 _ Pb-214 —) (see Fig. 6.2)
are readily resolved, because the longest halflife of consequence is 3.82
‘days. (Note that Ra-226 can be considered a étable nuclide on this time
scale.) However, earlier membe#s of the U-238 chain éannot bé inférred from
a determination of Ra-226 - - the intervening halflives are simply too long
for equilibrium to have been established since cheﬁical processing; furthermore,
the time scale of the stﬁdy is too short to reveai any changes in radionuclide

abundance that might permit such estimates to be made.

Determination of earlier members requires measurement of earlier members.
Note however, U-238 can be determined from measurement of either Th-234 or
Pa=234m, under the same restrictions as were cited for the sequence Ra-226

Pb-214.

6.6.3 Analysis of samples from G. Markos and K. Bush: Formulation of the

plan for the radiochemistry program was greéﬁly facilitated ﬁy the avail-
ability, at the outset, of samples from the Rivefton Pile and vicinity that
' had been collected during 1980 by G. Markos and K. Bush in a related DOE-"
funded mill tailings sﬁudy. We received a suite of 28 samples that included
examples of tailings material, underlying (presumed) natural material,
material adjacent to the pile, and background material from és far as 9 km
"from the pile. They represented a vertical sampling range from surficial to
about 2 meter; depthf The high~resolution Y-spectrometric laboratory study
of these samples diéqlosed that allvfadionuclides expected to be of value.to

this proposed program were observed in at'léast some members of this suite.



64
6.7 Study of Shelby Tube Samples
The Shelsy tube samples cqllectéd during the drilliné phasévrepiesent
reasonably undisturbed specimens of the iﬁ situ material. These spgcimens
are,valuablevfrom the ré@iometxic perspective in that théy can be sfétematically
scanned to .obtain radioacti§ity?depth profiles at the locations of the

several bore holes that have been drilled at the two sites.

. Esseﬁtially COmpletg sections through the pile and into undeflyiné‘
natural strata were obtained by Shelby tube samplers at three sites on each
tailipgs pile (Riverton and Maybell); Sites weré designated A, B, and C,>
with‘an "R" or "M“vprefixvto identify the pile; Shelby tubes wgre obtained
from two adjécént holes at eacﬁ of the threé sites dn each pile. Both holes
at each site on the Riverton pile were cased in ptéparatioﬁ for downhole
high-resolution Y-spectrometric logging. Only oﬁe hole at each site on the
Mayge}; pile w;svcased in preparation‘fqr th? samé typé of logging. Detailed
laboratory Y-spectrometric measurements wi;l.establish éng_set of initiai.

conditions at each of the nine holes.

The Y—spectrometrié scanning of the Shelby tube samples is done
by two different methods. These are: a) Gross Y-acti#ity scanning and

b) High resolution scanning.

6.7.1 Gross y-activity: A 2" diameter by 2" thick NaI(T&) crystal detector

and multichannel pulse height analyzer were used for detailed scanning of gross
Y-actiyity in each tube usinglthe energy inte;val from 225 to 1340 KeV. An
equilibrium uranium ore.check sdurce was used periodically to ensure constant
system response. A 2" thickness of lead shielded the detector ffom the tube except

for a 2" wide aperture. The tube was moved past the detector in one or two
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inch increments. Errors associated with count integrals were 3% or smaller.

Scanning of all 141 Shelby tubes has been completed with this system.

A computer program was written, tested, and utilized for reduction
and plotting of these data.. Reéulfs for each”ﬁole are shown in figures 6.5
to 6.16. The program aséumes that the lower end qf a Shelby tqbe corresponds
to the bottom of the driven interval noted during driliing. If‘a’Shelby tube
was longer than the driven interval, the data points from the sh#ilower end
of that tube will overlap data points from the lower end of the adjacent and
shallower tube. This effect is seén, for example, in the count rate profilesi

for holes RA-3 (Fig. 6.6), RB-3 (Fig. 6.8) and RC-2 (Fig. 6.9). Shelby tubes .

longer than the corresponding driven interval occur for either or both of the

following reaéons: the tube maybscrape material frdm the sides of the hole
as it is lowered to the bottom ofAthe héle; material may fall from the sides
of the hole to the bottom. This sample contamination can be accounted for
during data synthesis because the iength discrepancy is known, énd the excess
material aiways resides in the uﬁhole portidn of the Shelby fubérw_Gaps in
the plotted data result from the material that can.be lost from the bottom of
the tube as it is brought to the surface; or, lower material can be pushed
aside when a stiff clay plug forms within fhe'tube. Loss of sample is more

difficult to assess than 1is the excess material.

Hole RA-2 is a special case. It wasbthe first hole from which Shelby
tubes were taken. Routine use of a'pipe_cutter to'remOQe the unfilled
portion of the tubes was not begun until near the bottom of hole RA-2. All
tubes above 220" depth had ~ 4 inches of cover (lowervactivity) material
packed into the top in plastic bags for shipping purposes. These séctions'
were not removed before_scanning, and therefore explain the periodic dips

seen in Figure 6.5.
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These profiles of radioactivity will be used to assist in selection
of critical sections for detailed laboratory analyses, and for planning

the downhole logging effort.

6.7.2 high-Resolution Studies: Systematic study of Shelby Tubes samples

was bequn, using the laboratory high-resolution coaxial Ge~detector Y-spectro-
metef sysﬁem. These measurements, taken on intact (full) tubes, were deéighed
to gisclose relative concentrations of several radioﬁuclideg At various
’sampled depfhs. Such information will provide guidance to the field program
of downho;e high-resolution Y-spectrometric logging; it willfalso ﬁelp to -
decide how to divide material from the full tubes into small samples for

detailed laboratory analyses.

The tube samples were of 3-inch-diaméter, and varied-ih iength from.
15" to»26". At least one.spectrum was taken on each‘tube, usually at thé
center of the length. The desired section of a tube was positioned against
the detector housing‘for each measurement. The detector was operated in the
LBL Low Background Facility, to eliminate the need for shieldiné against the
natural,terre#trial Y-field. Local shielaing was not.used to reduce detector

response to radioac¢tivity located in more distant sections of a tube.

Each speétrum consistéd of 4096 channels of data, covering the energy
interval from about 40 td 2700 KeV. Relative concentrations of specific
radionuclides were usually determined frqm closely—spaced pairs of Y-rays
with energies greater than 500 KeV.:  Listed below are several useful pairs

of peaks.
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PEAK PRODUCING ' ' RADIONUCLIDE OF

(KeV) ‘RADIONUCLIDE ' INTEREST

583 T1-208 Th-228 from Th-232 series
609 Bi-214 - Ra-226 from U-238 series
1001 Pa-234m ) U-238 from U=-238 series
1120 Bi-214 ' ' Ra-226 from U-238 series
832 pb-211 . Ac-227 from U-235 series

839 - Bi-214 Ra=-226 from U-238 series

The relative concentration of the producer is directly relatable to the con-
centration of the radionuclide of interest so long as the halflives of the
intervening décay chain members are short compared to that of the radionuclide

of interest.

Particular emphasis was given to identifying contrasts in radionuclide
content with depth, for example: U-238, as indicated by the 1001 KeV Y-ray
from Pa-234m decay; and Ra-226, as indicated by the 1120 KeV Y-ray from
Bi-214 decay. Signifiqant changes in the abundance af these radionuclides,
or changes in the ratio between the two, should serve«as.useful horizon
markérs‘during the extended downhole monitoring phase of this program.
Figure 6.17 sths the profiles for these two radionuclides from Maybell hole
MC-2. An abrupt change in the Ra/U ratio in the tailings occurs at about 100
inchesvdepth. The change in the Ra/U ratio reflects a change in the U
abundance in the tailings. Gross Y—-activity scanning indicated that the
t;iliﬁgs/soil interface occurs at about 206 inchesAdepth in hole MC-2. A
simliar change in the Ra/U ratio was observed in'holevMA-Z at 100" depth,
although the tailings/soil interface occurs aﬁ about 540 inches depth in
this hole. No similar change in Ra/U ratio was noted within thé tailings

column in hole MB-2. In all cases Ra-226 was the dominant radionuclide.
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Ra-226 content varied only slowly with depth until reaching the lower

interface, where a decrease of two to three orders of magnitude occurred.

Similar study of the Riverton Shelby tubes.is underway.

6.7.3 High-Resolution Anélysis,of the Brown; Pafk Formation;iMaybell:
Results are given here for anaiyses of the déwnhole samples obtained

from the Bro&ns Park formation during drilling_of Maybell hole MB-2.

Values obtained from the NaI(T1) crystal Y-spectrometer are based on Y-rays
with energies > 1000 KevV, meééﬁrég in}samp%es that weigh theforder of

1000 grams, and reflect the:eQuilibridm U and Th concentratioﬁé'éélculated
" from the observed abqndances of late membeis in each decay chain. Values
obtained f;ﬁm the high-resolution Ge-crystal Y~spectrometer are based

on Y-rays with energies < 206 KeV, measured in samples that weigh oﬂsthe
order of 100 grams, and reflect the radionuclide concentrations actually

present in the materials.

MB-2, ~48 ft depth

NaI(T4) results: : - Uranium (equilibrium) 4.43 ppm
: - **Uranium (equilibrium) ‘ 1.48 pCi/gram
Thorium (equilibrium) 5.13 ppm
Potassium (elemental) 1.50 pct
Rn-222 {emanation) 30. pct
Ge results: - **yYranjum (elemental) ' ’ - 3.6 pCi/gram

MB-2, ~78 ft depth

NaI(T%) results: Uranium (equilibrium) ' 5.75 ppm

**Uranium (equilibrium) : 1.92 pCi/gram
Thorium (equilibrium) o 5.03 ppm
Potassium (elemental) . ' - 1.46 pct

" Rn-222 (emanation) - ' 37. pct

Ge results: **Uranium Oélémentél) 4.4 pCi/gram

»
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Values accompanied by double asterisks (**) can be cdmpared directly

for evidence of disequilibrium in the uranium series.

Despite the 1imited'samp1ing,>uséfui conclusions can be drawn ffom.
these results. Most important to our progtgm are the following:
1) The eﬁﬁilibrium.concentrations of both U aﬁdfTh are not
high compared to the expected range fdr.sandstones;
'2) ' The Estal éoﬁcentration of elémental U ié ﬁoré than twice
the concentration that is iﬁ equiliﬁriﬁm with:Ra-226.
From’(l) we nbte.it should not be difficuit to distingu;éh between‘téilings,

material and the underlying natural sandstone during downhole .Y-logging.

From (2) we note there is diseﬁuilibrium between U and Ra, which must be-
due to one of the following:
1. downward movement qf‘U f;om the tailings;
2. ground.watgr_transport from nearby natural high-Ufmatérials through -
"this relatively unconsolidated formation;

3. leaching of Ra from the sandstone.

6.8 Study of Shallow Pit Samples
6.8.1 High-Resolution Study of Riverton Samples

Laboratory analyses (using the high-resolution device) of samples
collected during the shallow pit excavations on the Riverton pile'suggest(the_
upward migration into the cover material Qf at least the following long-lived
radionuclides:

U-238, U-235, Th-230, Ac-227, Ra-226, and Pb-210 (the two U decay chains)
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Detailed‘results from one sequence.of shallow pit samples are includeq
here to illustr;té thé kin& of iﬁforﬁétionkobtéinablé ;ifh thé high-régolutiqn
Ge-detector as a laboratory Y—speétfbméter. These samplés were tégén duri;g
excavation of one end of an=ob10ng—shapéd dark colored su;face patch. The

sampling traverse extended from inside the tailings across the interface into

cover material along a line normal to the tailings/cover interface.

The absolute concentrations of all radionuclides discussed here are
(except for Pb-212) greater than the natural concentrations expected in

cover material, as estimated from measurement of a sample of the local source
. - . LA . . . s . .

P

of this cover material. Hence, these elevated concentrations are taken to be
associated in some way with'the presence of the tailings. If the relative

proportions of radionuclides found at above-natural levels are the same as "~

those proportions observed in tailings material, then a simple mixing during ®

the covering operation could explain the observation. However, if these
proportions are different in cover material than in ‘tailings, the most likely

agency becomes fluid transport, with or without associated in-situ solid-solid

and liquid-solid chemical reactions.

vFigures 6.18 and 6.19 illustrate the kind of contrasts in radionuclide
content that were observed. Each data point represents ‘a sampling of a
1-inch thickness of material, related to the in-situ-distribution as indicated
schematically aiong the lower edge of each graph:' The various profiles have
been displaced along the relative vertical scale for ¢larity of presentation.
The specifié fadionpclides and Y-energies belonging to these profiles are

appropriately identified on each graph.

(9
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First, consider the profiles on Fiéure 6.18. The pfofile‘forxsh;rt;
lived Th-234 should be aiagnoétic for uraniuﬁ content in general, and iiﬁeral}y
for U-238 content. The prof;ie for long-li#ed Tﬁ;230 should be.diaghoﬁtic
for the content of ;his nﬁclide. The profile or short;lived Pb-212 should be-‘
diagnostic fo; some.cqmbina;ion of Ra-228 and Th-228 members of>the Th—232.1‘
decay series. The striking contrast between the Th—234.§rofile.and éh; ' "
th230 profile is likely to be a consequence of the different chemical

behaviors of uranium and thorium: the observed Th-234 migrates as U-238,

while Th-230 migrates as Th-230.

Next, consider the profiles on Figure 6.19. The four lowest pfofiles,
frém short-lived Bi-214 and Pb-214, caﬁ be diagnostic for Ra-226, provided |
ﬁherevis negiigiile escape (emanation) of the intervening gaseous Rn-222, or
when any significant emanation is properly taken into account. The next
higher profile, from ;ong-lived Pb-210, can also be diagnostic for Ra-226,
again provided the Rn-222 emanation is either negligible or known. Departures

in shape between the Pb-210 profile and the four others immediately below

indicate either significant transport of Rn-222 or chemical fractionation.

. The 22-yr halflife of Pb-210 may permit insight into the behavior of Rn-222

emanation and migration bver a time span the order of the life of the tailings
pile, in contrast to the short-term information available from the pair

Bi-214/Pb-214. The top profile is a composite from two long-lived radionuclides,
U-235 and Ra-~226. This profile should be intermediate in sﬁape between the-
Bi-214/Pb—214 shapes and thé Th-234 shape from Figures 6.:18 and 6.19, unless

the U-235/U-238 ratio is significantly different from its normal value.

5,

This type of sampling and analysis can track the migration of these

- radionuclides, and through application of the relevant decay schemes,
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can relate their distribution to the chemical environment. Among these
nuclides, ﬁhose with halflives that range. from ﬁens of minutes to tens of
years may provide importantiévidence from thch-tﬁe time scale of past
migrationg cén be estimated; These”procedﬁres will be expanded, réfined,.and
’ apﬁiied g; the problem of véftiCal'migration'throughout the monitoring -phase

of this project.
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7.0 .SUMMARY AND FURTHER WORK
7.1 Summary ' - : e Y B S

The present sﬁudy is the beginning\phasefof an effort to:develop an.. --.
understanding of thé_phyéico-chemical interactions that occur within two
typiéal inactive uranium mill tailing piles'under the jurisdiction of the.
UMTRA Program; These sites are located at Riverton, Wyoming and at Maybell, .,
Colorado. The understanding is to be gained through integrated hydrological-
geochemical-radiometric studies; The field work carried out;during_fiscqléH
1981 extended from June to September. During this period, exploratory
drilling was completed at six locations‘on the Riverton and Maybell :piles.-
Over 141 Shelby tube samples were collected, which represent reiaﬁive1y 
undisturbedfcqre samples of the tailings material. ;In order'tq gainia
maximum advantage of the short time availablé_before the onset of;the-winter).
it was decided to concentra;e‘the rest of the data collection at the Rivertom :

site, where the water table is shallow.

- At the Riverton site 2] piezometers were ingtalled in and around thé

site. At each of three selected sifes élong an east-west line a pair of - .
tensibmeter;SPil water sampler (SWS) nests werg.installed, with individual
tenéiometers reaéhing down to a maximum depth of 0.9 meters. A precipitation
collecto; was installed.for collecting water samples for isotope analysis. .

A rain/snow gage was installed to measure rain and snow precipitation‘thrqughout
the year. Water level recordess were installed on two cased bofeholes_to;.j -
monitor water table.flhctuationé. Six cased bore holes were established for.

downhole radiometric logging by SANDIA using the high resolution gamma ray

spectrometer.
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The tensiometer data collected have shown Ehat the tailings at Riverton
are in a state of moderate saturation down to a dépth of about a metet;5
with magnitudes of moisture suction leés than one atmosphere. Passivé
monitoring of the tensiometers. at.the three sites has shown that over a
period of a month from'August 25 to September 25, the profiles of fluid
potentials remaind fairlyvstab1e~with the gradients being upward within the
 first meter or so of the tailings éurface. Thé data also suggested that the
fluidprtentials measured vere higher than the water table .elevation at all
the sites, indicating a downward hydraulic gradient in thé'central porfion of
the pile. .If chemical and thermal éffects’do,not exist, then the observed
gradiehtstwould suggest upward water flux within the first meter of the
tailings surface and downward movement of water towards the water-table in
the central part-of the pilé. Actual flow velocities are unknown at this
time since the unsaturated hydraulic conductivity of the'tailings_méteriais
iis unknown. Estimates of unsaturated hydraulic conductivities will be maderv

from laboratory measurements during 1982.

‘Three <infiltration tgsts were conducted, one at each of the three
Riverton sites. "The tests showed thgt tensiometers within a depth of a meter
of the tailings surface sensed tﬁe migration of the infiltration front within
a few hours. Saturated hydraulic condﬁétiVity of the materials within a
meter of the surface was estimated to vary from 0.0028 cm/sec at site RB to
0.00048 cm/sec .at site RC. These correspond to the range of values commonly
associated with éilﬁy sands to clean sands. Monitoring of the tensiometers
at sites RA and RB during late September, a month after the infiltration
experiments at tﬁose sites, showed that the waters applied during the infil-

tration experiment were still in the process of being redistributed and that
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" the pre-infiltration tests conditions were not‘yet attained. This may_suggest

‘that the unsaturated hydraulic conductivity of the tailings may be very

small. It was also noticed that altheUgh the passive mohitoring nest at each
site was only 2 meters away from the ones on vhich infiltration tests were
being conducted, they did not sense the effect of the infiltretion experiments.
This suggests_that the movement of water is dominantly vertical within the

tailings,

A number of water samples were collected ffdm surface water bodies,

wells, boreholes and preeipitation collectors for chemical analysis; Analyses

of these samples show that the water w1th1n the piles is d1st1nct1y ac1d1c in

nature and is h1gh in dissolved solids. There is ‘evidence that as water

moves down from'the tailings into the'shallow.water_table, the-acid ie

'_neutra11zed by the carbonate 1n the s011 w1th the precxpltatlon of ca1c1um

sulphate and the 11beratxon of carbon dxoxlde. AnalySLS of gas samples

1nd1cated that the part1a1 pressure of carbon dxox1de was part1cu1ar1y high

(31 wt %) in some samples, suggesting that ‘the buffering capac1ty of the soil

may be limited in comparlson with the acldxty of the tailings water: In
contraet to the talllngs water, samples from shallow end deep ground water
sources.are neutral to alkalihe in nature. Analysis of oxygen-18 isotope

data indicate that both shallow ground water and ground water ffom a depth of |
about 122 meters have a eohmon meteoric erigin. However, tritiim data show
that the deepet water is distinctly older than 30 yeats; This leads to the
inference that vertical migratioh of-eontaminants directly downward into the
deep aquifer will be extremely slow, if at all. Attention therefdre.neees to
be concentrated.on.lateral flow.in the shallow ground watet_systemuimmediately

below the tailings. There is evidence that the prevalent direction of
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movement of the shallow ground water is'southwgrd~ftom the tailings towards
privately owned lands. Data from sulphur isotope.analysisvindiCate that

sulphur-34 will be an ideal tracer for monitoring the contaminant plume.

Traverses made for gross radioactivity using a NéI instrument have
indicated that at Riverton as;ﬁell as at Maybell several hot patches
exist with enhanéed f;dioactivity.r Comparison of the Riverton traverse
results with~eariier traverses by Oakridge National Laboratories as well as by
EPA indicate that the surface_FQAioactivity might in generalfhgve increased at
these sites over the past few‘?éérs. These patches might have arisen eiﬁher

due to erosion of the soil cover by natural processes or by the upward

migration of the isotopes due to upwardly mobile interstitial water.

A high':e901ution'gamma ray spéctrpméter; based on a Germanium crystal
de;ecto:'was assembled at LBL.for‘1abofatory'scéﬁning of field samples'aﬁd'
cores. All the 141 Shelby tube'sampléé.wefé‘scannea by the Nal spectrometer
for gross radioactivty. These scaﬁs_are not only helpful in identifying the
contact between the tailings and the soil, but are also very useful for
selecting a limited number of samples for future laboratory anélysis.r High
resolution analysis of samples.from the Browns -Park formation below the
Maybell piles show that distinct differences exist in the radioactivity
content of the tailings and the underlying Browns Park formation. Also, the
disequilibrium found to exist between Uranium and Radium indicate that radio-

active isotopes may be getting transported'from the tailings to the bed rock.

7.2 Planning of Activities for 1982
Considering'théAtime constraints of the over allvUMTRA program goals,

fiscal 1982 is an important year.. Critical data must be generated to aid the

architectural engineer in design activities. In order to help in optimal

e



87

planning of the 1982 efforts of LBL‘and to have an independent evaluation qf
the data gefhered and the inferences drawn during 1981, a peer review committee
was constituted during early September, 1981. This committee consisted of

Dr. Keros Cartwright of the Illinois Staée Geological Survey, Dr. John A.

" Cherry of the University of Waterloo, Dr. Thomas.Shepherd‘of Colorado State
University and Dr. Michel Vauclin of the ﬁniversity of Grenoble in Frnnee.
After a meeting of the committee at LBL on September 10,.1981, both efal ann
written comments were solicited from the.members. These comments provided

valuable insights into the nature of the' field problem and have heiped

greatly in the plans discussed below under further work.

7.2.1 Definition of Objectives

For purposes of convenience, we can divide our discussion into three

parts: field work at Riverton; field work at Maybell; and laboratory work.

7.2.1 A. Field Work at Riverton: Based on the data coliected during
the 1981 season, we can recognize the four follewing zones: |
a) the upper zone including the covering and the uppermost part of
the tailings material
b) the middle zone comprising the central part of the tailings
¢) the bottom zone including the iower part of the tailings and its
interface with the water table
and o . o ' ' . .
d) the off-tailings zone, principally the region immediately to the
south, which is the suspected direction of movement of the shellow

ground water.
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..Each of the four zones mentioned above has its own hydrologic and
gepchemical character. The upper zone, being a boundary of the dynamic'
system is strongly subjected to the influence of fluctuations in atmospheric
conditions as well as seasonal temperature variations. Fluid flow in this
region will be influenced by changing thermal regimes. Inmadditiop, the
physical nature 6f the cover material (its tﬁickness, permeability, Veéetation)
will also be an important factor.: Beéause og the complexity of the flow
field, considerable effort wili be needed to monitor the upper zone, ﬁoth by
way of detailed‘instrumen;ation and by way of sophisticated analysis of fhe
data. Since the cover material'at-tﬁe Riverton site is fairly thin (less
than a foot over much of the‘area), there arises a question as to how repre-

\

sentative will be the study of the upper zone in respect of the much thicker
‘covers (approximatéiyvone méﬁér)ithat are proposed for futurevdesiéné.
Perhaps, detailed monitoring of thicker covér materials may be worthwhile
elsewhere. While the4study‘of_the_fluid‘flow dynamics’?n.the upper zone will
involve coﬁsiderable effort, there is little doubt the %Eudy_wiil be ;ery
valuable since the hydrodynamics of the soiy—water’systemldioée to its

interface with the atmosphere is not well understood at present.

The middle zoné; beingArempyed from the upper qundafy'as'well as from
the lower interface of thé tailings with the fluétuating water table, is
perhaps the most stable zone from which reliable data could be collected on
the fluid flow and the geochemical interactions. Because of the relative
stability, the data'collectéa”shoﬁld be useful for extrabolation much
further into the future than is possibie otherwise. In the western part of
the Riverton pile, where the tailings are thickest, this zone may‘eitend from

1.5 to 4 meters below the surface.
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The lower zone is also a boundary, along which conditions will cﬁange
with time. The most obviéus variation in this'regard is the rise and fall of
the water table. It is likely tﬁat:the water table may indeed rise into the
lower part of the tailings during the spring thaw season. This rise and fall
of the ya;ér table will have very significant chemical implications in thaf.
the risihg water table will bring the neutral or slightly alkaline ground water
in contact with the acidic tailings wﬁter. Depending upon the buffering

capacity of the ground water, several processes such as absorption, precipitation

and coprecipitation will occur. An understanding of these processes will be

valuable in understanding the long term contaminant potential of the Riverton

pile. However, because of the presence of gravel and cobbles in the alluvial

1

materials undér1§ing the pile, coring and instrumentation of the lower zone
will be time consuming énd difficult. To the extent possible, attempts must
be made to collect closely spaced samples along a vertical line traversing
the .upper two meters of the saturated zone of the seasonal high water table.
In conjunction with the chemical samples from the fourth zone described
below, thevstudy of the lower zone will provide insights into the natﬁrg of

contaminant flux from the tailings.

The off—tailings zone is the.fourﬁh zone that needs study to decipher -
the lateral flux of contaminants from the tailings into the éhallow ground water
reservoir. Inésmuch as the suspected movement of the shallow ground water 1is
in a soﬁtherly direction, one or more piezomete; nests will need to be/
installed in the area to the south of the pile, to monitor the fluid pétentials
as well as to collect waﬁet samples for chemical analysis. An important‘
consideration in fhis regard is the fact that private lands exist very close

to the tailings on the southern side. Permission has to be sought from the

owner of the land before instruments are emplaced.
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7.2.1 B, Field Work at Maybell: Little quantitative data was

collected during the 1981 season on the degree of satufétion and the magnitude
of moiéture suction within thé Maybell‘pile. fhe?e is feaéon to suspéct that
as a consequencéyof the deep wéterbtable (nearly Sb Q below surface) satura-
tions will be low and moistﬁfe suctions high in parts of the Maybell pile.
Even When'moisture suctions are relafively close to an atmosphere, avaiigble
tensi&meters can be used suécessfully_only‘to a depth of 2 to 3 meters depth.
vAt greater depths, one has to gse other devices (resistivity devices; psychro-
héters) which ére far less coﬂvenient to use than the tensiometer#. The work
at ngbelllduring ﬁhe ééming season will éeek to undefﬁtand the vertical flow
field within the pile using much the same philosophy as at RiQerton. However,

instrumentation difficulties are likely to be encguntefed and will need to be

resolved.

7.2.1 C. Data Uncertainty: Because of the considerable heterogeneity
existing within the piles, é critical question that will arise in the réduction
of d;ta, especially in regards to the hydraulic parameters, will be that of
confidence or certainty. The certainty question will become especially
crucial when one wants to decipher thé existence of coupled phenomena that
ma& be quite weak (e.g. osmotic_poteﬁtials). The lateét effort to incorporate
uncertainty into rational analysis has directed many workers to collect the
same’kind of déta from a large number of points (in space or in time) sé that
the data could be analyzed for mean. tendencies and variances. In formulaﬁing
the 1982 field work at Riverton and at Maybell, the need for such statistical
work is immediatély suggested. However, it must bé recognized that for a
meaningful statisﬁical analysis'ZO to 30 sample sets will normally be needed

to have a reasonable representation of each variable phenomenon. In terms of

w
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piezometer and tensiometer nests that are need?d,‘statistiéal work will
entail a significant amounﬁ of funds and time. Whether or not we could
afford statistical data collection within the time and financialbconstraints
of the project needs to be carefui{y gvaluated..;

+

7.2.1. D. Downhole Radiometric Logging: One of the most serious

deficiencies of avaiiabie techniques for studying chemicai transport is thét
there is as yet no reliaﬁle Meﬁho& avaiiable to &irecﬁly obéerve'the floQ of
water. One of the principal objéctives'of the preéent étudy is to asséss
whether the movement o§ water witﬁih the:tAiliﬁgs ié controlled by chemical
potentials in additién to mechanical potentialé. This asse;shent will be
greatiy'fééilifatéd if,Ain éddition to the simultaﬁeoué measurement of fluid
potentials and chemical potentials; one can directly obser?e the movement of

water. One possible way to do this will be to carry out downhole radiometric

-logging using high resolution gamma ray spectrometry and to look for specific

radiocactive signatures that change position with time (Nelson:-et al., 1980) .

The SANDIA downhole radiometric logger will be used for repeat logging of the

" same borehole at several different times with this purpose in mind. The

success of this venture depends very.much on the condition of the boreholes
as we;l as the quality of the logging device. The entire attempt is experi-
mental in natureland much experience has to be gained. The core samples
already collected from the holes designated for logéing will be scanned in
the laboratory with théihigh resolutiéﬁ gaﬁmé ray spectrometer already-
commissioned at LBL.IvA éomparison of the results of £hi§ scanning‘Qork with
preliminary.downhole‘déta from.the bbrehoie logs should throw light on the
feasibility of the downhole loggin§ méthod as a tbql fo; detécting tﬁe

direction of movement of tailings water.
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7.2.1. E. Laborétory Activities: A large number of relatively undis-
turbed samples have been collected for laboratory analysis from'RiVerton-és
weli.és_from Maybell. -These‘sampleé have been scanned already_for the
vgriation of the grbss radiéactivity with depth. Usiﬁg these profiles as
guides, a critical number of samples have to be selected for coordinated
hydrologicéi} geochemical and rédiometric studies;- In addition to
measuring ﬁheir properties such a size distribution,.porosity, permeability,
saturatién and so on;‘fhé cores will also be uséd'to conduct column experi-
men;é to study‘water and chémicél transport under partially saturated, -
trénsient conditions. These column exper iments are important since it is
ve;y time congﬁming and difficult to carry out chemical transport experiments

under partiallyvsaturgted conditions in the field.

7.2.1. F. Modeling: - From the vieﬁ p;int of ﬁriority, modeling will be
at a low level during the 1982 fiscal year. A strong model-base is already
available at LBL to simulate'flow in the unsaturated zone (Narasiﬁhan, 1977).
This base will have to be exteﬁded if chemicél potential indeed proves to be
of importance with reference to mill tailings. Further Qork that.may need to
be done in the area of modeling should await field and laboratory data that

will be forthcoming during fiscal 1982,

7.2.2 Work Plan for 1982

The ﬁechnical objectives outlined above are to be prioritized in the
context of the time éonstfaints and the financiél constraints of the overall
UMTRA program. Téﬁards that end, discussions will be held between LBL
peréonnel and thextechnical advisers of the‘UMTRA program early in February
to evaluate key issués, assign priorities aﬁd outline the final plan of

action.
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Appendix 1
Al.0 SITE PREPARATION
Al.l1 General

The tailings piles are complex systems of inserfingering "deltas"

art1f1c1a11y dlscharged from mu1t1p1e d1scharge poxnts. These deposits
are composed of th1n (less than 5 cm) layers of material that grade from sand
at the discharge point to fine silt further away from these p01nts. The
dep081t10nal process causes the dlrectlon of flow. from any dlscharge p01nt to
shift frequently. Near the dlscharge p01nt,.verylcoarse materlal_will be
deposited ;egardless of the direetion_ofvflow. However, within a fey_mefersv
of the diéchargelpoint, coarse material may be‘bound above aadvselow by slime.
The monitoring instrumentation must accommodate both the vertical and lateral
inhemogeniety within this'eoﬁplex enviroﬁment. lWe eeEideﬂ,ufﬁerefpre; to
have three study areas at each of the sites. These study areas would represent
locations near; intermediate to, and relatively far from the tailings discharge

points.

A.l.2 Drilllng Method Considerations

The selection of drilling methods and instrumentation techniques would
be largelyldependent on the degree of saturation of the tailings and the
physical properties of the crushed rock material that constitutes the tailings
and the nature of the underlying alluvium. Given these conditions,vthe
intended use of the borehole would set further limits on the drllling and
completion procedures. The down-hole gamma-ray spectrometer would be looking
at the borehole wall, and thus would require a minimum annulus between the
casing and the borehole wall. This annulus would have to be filled with a

material that has a minimum shielding effect, does not contribute gamma-rays
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itself; and prevents r;&ioactibe tailings froﬁ“droppihg down the.hole And
producing an inaﬁcura;e.distribution log. The hydrologic investigation would
be concerned.with thg‘fluids at tﬁe bottom of.the'holé. The dfilling procéss
must not introduce contaminantsvfrom-overlying'matériais or fiﬁiagt ;ha‘ﬁhe
presence bf the bo¥ehole must not-shqft circuit natural flow éyééeﬁé ;ithin
the pile.. The method.used to coLlect undisﬁurﬁéd samble; f;r laboréﬁéry
analysis is also limited by the physical progerties of the tailingé aﬁd their
degrée of égturétion. Low saturation'and poorl} sdrted‘grain size would |
enable the use of open tﬁbe type samplers. satuIAted material of coarse,

well sorted material would be difficult to collect as they would fluidize and

~ fall out of an open ended sampler.

The first objective of site éreparation was to determine the degree
of saturation in both piles and g&in a feeling for the strength, physical
character, and stratigraphy'withig the piles."The drilling,_conducted to
determine the acidity of the Riverton pile, indicated that the tailings were
unsaturated and-that,-bécause of the angularity of the crushed sand particles,
the boreholes would stand open rather'weli.v This drilling also indicated
ﬁhat driven-tﬁbe sampling would be feasible and that the tube length should
be between 50 and 75 centimeters. Attémpts to drive more than 75 cm resulted.
in the sampler plugging and the soft tailinés 5eing displaced by the plug
rather than ehtering the tube. Tubes driven 50.cm almost always collected a
good'sample. It was therefofe conéluded that in order to iﬁcréase pro-
ductivity and reduce the time ih.the field; egch ﬁube should be driven at
least 50 cm. | | |

The saturated, coarse, river alluvium under the tailings at Riverton

consisting of sands-and cobbles was far more difficult'to_deal with. The
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cobbles would be displaced by the rotary bit and then fall back into the
_ borehole when the bit was‘pulled érom tﬁe hole. One way.to drill in ﬁhis kind
of materia1 was witﬁ‘large; hollow stem augers that allqw the ;asing to be
inserted through the hollow stem. After the casing ié in place, the augers
arelpulledvouﬁ and the displaced material flows ih around the‘casing. For
‘tﬁe 10 cm interna} diaméter casing required for the gamma-rayvlogging, fﬁié
techniqqe would require augers with a 32 cm outer diameter. This leaves an
_annulus.of over 16 cm, which, when backfilled; may make the logging impossible
due to thé shielding effect of the fill.. 1In a&dition? the ﬁresenée of such a
large annulus increases the possibility that méﬁefigl might slough from the
borehole wall before the annulus is backfilléd. This has t@o bad effects.
First, the annulus is increased in the area where the materiaiicomes off the
wall and secondly it is decreased where the material comes to rest. The
logging tool only 1ooks at radiation intensity vs. energy;_the abparent emission
rate can decrease where the annulus is enlﬁréed and increase where the
annulQS'is reduced, simply due to the proximity of the material to tﬁe
detector. This geometric effect would appear as an éppérent change in the
activity level of the tailings and the magnitude of the change would be a -
function of the volume of material that had siipped down thevborehole rather
‘than the actual distribution of the radio-nuclides in undisturbed tailings.
We had tovexperiﬁent-with various drilling technidues until we identified the

method best suited for this environment and the objective of this study.

A.1.3 Riverton: Drilling and Sampling
The alluvium at the Riverton site has a rélatively flat surface and is
easily distinguished from the overlying tailings on the basis of grain size

(cobbles up to 20 cm) and color. The first dfilling and sampling took place
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at Riverton in early June. Continuéus, 7.6 cm diameter, Shelbybtube samplés
were taken ﬁhfough the pile to the top of the alluvium. These holes were
then reamed with a 14 centimeter rotaiy bit and extended into the underlying
aliuviuh. Two problems immediagely develdped; first the bit didvnét penetrate
the cobbles, and secondlyvthe circulating water eroded the part of the hole
drilled in the tailings. Despite these difficultiés, 10 cm inner diameﬁer'
casing was installed in RA-2, and R§-2vthrough the tailings but not .into thé
cobbles, while RC-Z was cased to a depth of 3.9 m below ground surface 6r 3.0
m.beléw the bottom of the pile. The rotary drilling did result in a hole
only slightly larger than the casing, so the tailings were allowed to close
in around it without introducing any backfill ma;eria;. The drilling water,
however, had eroded-tﬁe tailipgs and redistributed m;terial'along the borehole,

and these holes did not extend far enough below the tailings to allow the

"logging of the bottom of the pile since the detector in the SANDIA logging

tool is not located at the bottom of the tool.

The second drilling and sampling program at Riverton took place in July.
After considerin§ the élternatives we decided to use augers'with an outer
diameter of 18.5 cm. These would produce a hole slightly'larger tQan‘ghe
couplings on the 10 cm internal diametef/casing. The augers would'glso
penetrate the river alluvium and lift out the sand and smaller cobbles. .if

would probably take repeated drilling of the portion of the hole in the

‘alluvium to achieve a stable hole into which to insert the casing, but the

annulﬁs would be kept to a minimum. The annulus would be filled with washed.
0.5 cm gfavel. Boreholes R5-3, RB-3 and RC-3 were completed through the river
deposits with this. method. Continuous Shelby tube sampies wefe also ﬁaken
throughbthe tailings for éach of these boreholes before the auger drilling

begaﬂ.
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Pie?ometers P-11 through P-16 were also installed in the alluvium_arouﬁd
the pile\ét thisftime_using:the 18.5;cm hollow stem augers and inserting a .- 
3.8 cm PVC pipe down through the hollow stem. The lower 60 cm of pipe was
slotted with a hand saw to allow water entry. Piezometers P-1 through P-7 had
beéﬁ installed in June using a drive point'technique. _Piezometgrs P-8 through
through P-10 were glso installed in June by digging holes in the alluvium
and installing slotted PVC stand-pipés. In September, piezometers P-17

through P-21 were installed using hollow stem augers. This completed the

drilling at Riverton for the year.

- Y _Maybgll: Drilling and Sampling

The pile at"Maybell posed a different problem since it was deposited in
a "V" shaped stream valley cut into the rock type from which the uraniuﬁ ére~
was minedf Determining the pile/soil interface was difficult since thelpile
is composed of the same material as the underlying rock. In addition, the
piie is very assymmetrical as is shown in thevprofiles in Figure A.l.l1 making
it difficult to predict the probable thickness of the tailings. This profile
results from the discharge points having been located along the dam that
formed ;he pond. The flowvof tailings into the pond'waé in a direction
towards the valléy up—sldbe. The tailings‘wbuid have a much lower pH than

that of the bedrock or soil because of the acid leach process used in the

>

mill. Simply measuring the pH of the Shelby tube samples should indicate the
locus of the interface which could later be determined accurately with the

radiometric measurements or petrographic analysis in the laboratory.

The first drilling at Maybell was strictly exploratory in nature and
was intended to: 1) locate the bottom of the pile; 2) establish the degree of

saturation of the tailings; and 3) determine the hardness of the uﬂdeflying :
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bedrock so that future drilling.could bel_planned. Therefore, dnly Shelby tube
sampling was conducted during this initial effort. The pH of the matgrial in
‘the lower end of each Shelby tube waé measured to determine the acidity of
the material at that depth. The presence of root material and some te*tural

changes supported the determination of the interface.

As at Riverton, the Maybell pilé'was found to be unsaturated, although

" some samples contained more moisture than others, probably due to variabilities
_ihvthefmoisture—holding properties of Aifferent materials. The bore—hdie
1walls were stable endugh té drive the Shelby tubes without usinéuany augers

to hold the hole open. The underlying Browns Park formation was found to be
relativeiy soft and could_be penetrated by Shelby tﬁbes to depths of one to

two meters.

A 0.95 centimetér_inner diameter polyethelene tube perforated over
.the lower 15 cm and wrapped with 200 mesh polyethelene screen was installed
in each of the three holes (MA-1, MB-1, and MC-1) after which the hole was
allowed to collapse. ‘This tube wogld serve as gas sample points or piezometérs

if water aécumulated in the sediments.

The program called for boreholes to penetrat- the waﬁer table below
the tailings pile. While the tailings proved to be cohesive enough to drill
deep auger holes without casing, our experience at Riverton indicated that the
tailings were fragile and would not stand up to the stress of a circulating’
drilling fluid. Water table measurements and water levels in old pits at
Maybell indicatedvthat we may have to drill as deep as’55 meters to intersect

the water table under the tailings pile. This would require rotary drilling.

It did_not appear feasible to try to use augers to this depth in the dry bedrock.
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 Deep holes that penetrate the water table would have to'be»drilied
in two stages. An auger drill would be used to drill through the tailings
and about three meters into the bed:ock; This hole would be cased .and the
annulus space in the bedrock would be filled with cement, the annulus space -
in ﬁhe tailings would be filled with clean one ceqtimeter gra?el. Rotary
drilling with water gould then be used to deébén fhe héie té ﬁhe wéﬁer'

table.

In September we tried to implement this pian. The holes were first
sampled with Shelby.tubes, then reamed with augers and the 15 cm internal
diameter .casing was cemented into boreholes MA-2, MB-2, and MC-2. Rotary
drilling began in hole MA-2, but within the first three metérs of drilling
roughly 400 liters of water had been lost. The Browns Park formation was
too sqft,énd.permeable té allow us to keep drilling with water. Further
rotary dr;lling was abandoned to avoid ; majqr.contamination of‘the formation

by the drilling_fluid.

In mid-sépﬁembef‘drilling was carried ouﬁ to complete these holes
using an air-rotary drill.A The air would remove the cuttings withla miniﬁum
of stress on the bedrock and no water would be introdﬁced into the groundwater
system. The risk of &riliing with air is that as one drills deeper, the
cuttings, especially if they are damp, will tend to stick tp the drill pipe
apd the possibiiity of getting the drill stuck in the‘hole will increase. .
The projected 55 meter depth would mean that drilling has to be very careful
especially if there was a thick partially saturated zone above the water
table. Holes MA-2, MB-2, and MC-2 were all drilled to 41 meteré and cased
with 10 cm inner diameter_ABs plastic casing. These'hoies were shallower

than expected because water was encountered in each hole at depths of 24 to
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30 meters below ground surface. The water level in MB-2 was measured at 29
meters below the top of the casing on September 22. Further geologic investi=
gation is required to determine the reason for the water table being higher

than expected in this area.

A1.5 Packaging of>Samples aqé éhipmegt

The tailings being radioactive, care had to be taken so that the activities
associated with our investigétions did not spread this material beyond the
boundaries of the tailings pi}es. Both the Riverton and the Maybell piles
have a s0il cover with good grass growtﬁ. Initial r#diatigh'measurements
indicated that this soil cover provided a good'barrier‘to the radibactiée
material below. However, there exist numerous patches up to several square
meters in area on both piles where this cover is thin, nonexiétent, or the
radioelements have been transported through the céver and is exposéd on the
surface.. In order té assure the safety of the project personnel and to
assure safety regqulations in general, a coﬁsultant was contracted to check on
the radiation levels during the field operati?ns and to assure that all
equipment leaving the site was clean. His obéervations of our techniques and
the gene;al levels of both alphaband gamma radiation sthed that the éi;es
were relatively safe to work on ana that good housekeeping shou;d guarantee

health safety.

The samples shipped to LBL were also checked to assure that they were well
within the regulations for interstate shipment and would not contaminate any
area of the laboratory where radiation exposure limits are stricter than most '’
state or federal regqgulations. The Shelby tubes were capped with tight fitting
plastic caps, seaied in a pquethelene tube, and packed in boxes for shipment.

The radiation levels of this material were well within limits for general
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truck freight transport. : The movement of this material at LBL is monitored

by the laboratory's Environmental Health and Safety division.

A.1.6 Field Instrumentation: Riverton, Wyoming

The installatién of field instruments was commenced in July, 1981. In-

asmuch as the much larger depth of the unsaturated zone would demand the use

“elaborate instrument set up, it was decided to concentrate attention on data

gathering at Rivefton for ﬁhe fest of the year. The design of instrumentation
at Maybell would draw upon the expetignce t§ be gained at Riverfon.. | |
Siﬁce ﬁhe tailings ére unsaturéted,.fhe pore.pfessures within:the
pile.wo;ld all be less than atmospheric, so tensiomeﬁérs would ha;e to be
uséa to ﬁeasure the hy&raulic pbténtial within the piles. Similarly, ceramic
cup lyéiﬁetér; woﬁld,hava to bévused ﬁo coliect fluid samplesbffoﬁ ;he
unséturated féiiihgs. Six test sets of tensiOmetefé<égdvlysimeters were’
insféiled ét Riverton in Jﬁly so that some simplevinfiltration tests could be
made folﬁést the_fe;sibilitfﬂof using :ﬁis instrumentation. The tests are
discussed in detail in the Hydrology gectién of this report. Basically we
found that these instruments could be used and that there are very local and
sharp inhomogenieties in the tailings. We also learned that we should pack

the annulus around these instruments with Kaolin to prevent short circuiting

the flow of fluids through the tailings.

A disadvantage to these instruments  is that they contain water and thus
cannot be used in the winter when the ground is frozen. We have gained -enough
/ '

information to plan an extensive series of tests that can be run during the

spring and summer of 1982.
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~To monitor precipitation on the pile, two instruments havé been installed
at Riverton. A precipitation collector was installed in July to simply
céllect a large sample of precipitation for isotope analysis. This was
augmented in October with a tipping buckét rain/snow gauge which will meésure
tbe'éctual‘precipitation on the tailings pile. This gauge.ié equipped with
a propane héatei.that willlallow it to operate throughout the winter; These
instruments‘ére locéted in the southwesﬁ corner of the pile next éo piezometers

?1 and Pf, Figufe 3.1.

For water table monitoring, two spriﬁg-d;iven water level gauges were
borrowed froﬁ the U.S. Geological Survey in Riverton and installed on bére-
holes RA-3 anA.RB;B. These wilIvrecord fhe changes in the water table below
the pile. Between 6§r drilling programs.inlJune and July it appeared that
the water fable.ﬁaa.drépped one quarter to one half meter. kConceivably the
water table could rise into the lower part ofvthe tailings in the spring when
the rivérs are in fléod, and in the summer from infiltration from nearby

irrigated fields.



105
List of Figures
Fig. 2.1 Map of Wyoming showing the location of Riverton -

" Fig. 2.2 Idealized stratigraphic column of the Riverton
site (after Ford, Bacon and Davis, 1981)

Fig. 2.3 Location map of the Riverton téilings pile
Fig. 2.4 Map of Colorado showing the location of Maybell

Fig. 2.5  Idealized stratigraphic column of the Maybell 51te
(after Ford, Bacon and Davis, 1977)

Fig. 2.6 pH values as a function of depth for the test
holes at Riverton :

Fig. 2.7  pH values as a function of depth for three
boreholes at the -Maybell site

Fig. 3.1 Map of the Riverton pile showing the location of
' sites A, B and C and the borehole locations

Fig. 3.2 Map of the Maybell pile showing the location of
' sites A, B and C and the borehole locations

Fig. 4.1 . Schématic representation of a tensiometer nest
with soil water samplers (SWS)

Fig. 4.2 Location of the tensiometer nests RA,1RBVand RC.
at Riverton site

Fig. 4.3  Undisturbed Hydraulic head profiles at sites RA,
RB and RC, Riverton, August-September, 1981

Fig. 4.4 Experimental set up for the infiltration test at
Riverton

Fig. 4.5 Results of infiltration tests, Riverton, Wyoming

Fig. 4.6 , Cumulative infiltration as a function of time for

the three infiltration tests at Riverton
Fig. 5.1 Location of sampling sites and distribution of pH
and conductance values, Riverton site (conductance

in units of umho/cm)

Fig. 5.2 Deﬁterium.f Oxygen 18 ratios, Riverton site



Fig.
Fig.
Fig;
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

5.3

5.4

5.5
5.6

5.7

6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14
6.15

6.16

6.17

6.18

106

Relative mole fractions of major cations,
Riverton site :

Relative mole fractions of major anions,
Riverton site

Mole fraction of sodium as a function of depth,

Riverton site

Mole fraction of calcium as a function of depth,
Riverton site

Mole fraction of magnesium as a function of
depth, Riverton site

Variation of total gamma intensities, Maybell
site (values in micro rads per hour) :

Simplified Decay Scheme for U-238 Series
Simplified Decay Scheme for U-235 Series
Simplified Decay Scheme for Th-232 Series

(
Net radioactive count rate, RA2, Riverton site

‘Net radioactive count rate, RA3, Riverton site

Net radioactive count.rate, RB2, Riverton site
Net radioactive count rate, RB3, Riverton sige
Net radioactive count rate, RC2, Riverton site
Net radioactive count rate, RC3, Riverton site

Net radioactive count rate, MAl, Maybell site

. Net radioactive count rate, MA2, Maybell site

Net radioactive count rate, MBl, Maybell site
Net radioactivé count rate, MB2, Maybell site
Net radioactive count rate, MCl, Maybell site
Net radioactive count rate, MC2, Maybell site

Variation of Ra-226 and U-238 with depth in bore
hole MC2, Maybell site

Profile of Th and Pb isotope concentrations along
a tailings-cover traverse, Riverton site



-

Fig. 6.19

Fig. A.l.1

Table 3.1

Table 5.

Table

5.

_ Table 3.2 _

1

2

" Table 5.3

Table 5.4

Table

5

.5

107

Profile of U, Ra, Pb and Bi isotope concentrations
along a tailings-cover traverse, Riverton site

Profile of the Maybell tailings p11e with proJected
lower boundaries

Data from boreholes, Riverton site
Data from boreholes, Maybell site

Chemical analyses of water samples from and
around the Riverton site

Chemical analyses of water samples from the
Maybell site

Gas component analysis from the unsaturated zone
of the Riverton mill tailings

Deuterium/oxygen 18 ratios for Riverton
groundwaters (reported as parts per 'mille
deviation from Standard Mean Ocean Water)

"Tritium analyses for groundwaters from and around

the Riverton site (reported as piC/liter)



This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




~emmn v L

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720




