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INFLUENCE OF HYDRAULIC AND GEOMORPHOL:OGIC COMPONENTS OF
A SEMI-ARID WATERSHED ON DEPLETED URANIUM TRANSPORT

Naomi Miriam Becker
Under the supervision of Professor John A. Hoopes

at the University of Wisconsin-Madison

Investigations were undertaken to determine the fate and transport of
depleted uranium away from high explosive firing sites at L.os Alamos National
Laboratory in north-central New Mexico. Investigations concentrated on a small,
semi-arid watershed which drains 5 firing sites. Sampling for uranium in
spring/summer/fall runoff, snowmelt runoff, in fallout, and in soil and in sediments
revealed that surface water is the main transport mechanism. Although the watershed
is less than 8 km?, flow discontinuity was observed between the divide and the
outlet; flow discontinuity occurs in-semi-arid and arid watersheds, but was
unexpected at this scale. This region, termed a discharge sink, is an area where all
flow infiltrates and all sediment, including uranium, deposits during nearly all flow
events; it is estimated that the discharge sink has provi&ed the locale for uranium
detention during the last 23 years. Mass balance calculations indicate that aver 90%
of uranium expended still remains at or nearby the firing sites. Leaching experiments
determined that uranium can rapidly dissolve from the solid phase. It is postulated
that precipitation and runoff which percolate vertically through uranium-
contaminated soil and sediment are capable of transporting uranium in the dissolved
phase to deeper strata. This may be the key transport mechanism which moves

uranium out of the watershed.



CHAPTER 1

THE QUESTION OF DEPLETED URANIUM TRANSPORT AND FATE IN A
SEMI-ARID WATERSHED

Introduction

Los Alamos, New Mexico was chosen in 1942 as the site of secret
development of the first atomic bomb, during the war effort of World War II,
Selected for its remote location in north-central New Mexico, war-time development
and testing activities were far removed from any major population center, After the
war, research activities continued at the Los Alamos installation, called Los Alamos
Scientific Laboratory, later called Los Alamos National Laboratory, hereafter
referred to as the Laboratory. These post-war activities focused on new nuclear
weapons models as well as greater effectiveness and reliability of existing weapons.

Depleted uranium has been used in weapons testing activities at the
Laboratory since the mid-1940's. Whereas natural uraniurm contains 99.3% Uranium-
238 and 0.7% Uranium-235, depleted uranium contains 99.8% Uranium-238 and
0.2% Uranium-235. Depleted uranium is a by-ﬁroduct of uranium enrichment
processes; it is relatively inexpensive, abundant, and substitutes well for enriched
uranium during testing because it duplicates the physical characteristics of enriched
uranium, but not enriched uranium'’s fission cﬁaracteristics. .

It is estimated that between 80,000 and 105,000 kg of uranium have been

expended by the Laboratory since 1943. In 1983, results from the Laboratory's



environmental surveillance sampling showed that tissue and gut from fish collected
from a downstream reservoir on the Rio Grande contained statistically significant
levels of uranium. The question arose whether these elevated uranium levels were
from uranium used in Laboratory operations which had traveled offsite. This
question provided the impetus to initiate a study of uranium content in runoff waters
in one Laboratory watershed called Potillo Canyon. The watershed is lacated within
the Laboratory and receives uranium from wcapons'tcsting at firing sites. The small
ruhoff study grew to its present form in this dissertation.

This dissertation initially aimed at defining uranium transport in a single
watershed, in particular to find out where in the watershed uranium was depositing,
if it was moving out of the watershed, and at what rates. Several unique aspects of
this watershed became evident: 1) there is no perennial flow; 2) flow, when it occurs,
is event-driven and discontinuous both temporally and spatially; and 3) although
very small, less than 8§ km? in area and 8 km in length, flow and sediment discharge
are discontinuous through the length of the watershed fpr the majority of '
precipitation/flow events. These features caused a refocusing of the dissertation to
examine the formadon, stability and characteristics of the discontinuity and its effect
in trapping sediment and uranium, and for infiltrating water.

A review of existing literature found no significant body of information
describing this last point. For this reason, a literature review will be incorporated into
the text as appropriate. Evidence will be presented, as it evolved from the field
investigations, on those geomorphologic and hydrologic factors which influence
uranium transport in this watershed. The hydrology shall be presented first, followed

by presentation of uranium occurrence in rock, soils and sediments, uranium



transport mechanisms, and the geomorphologic distribution of uranium. Several
hypotheses on the fate of uranium will be offered and discussed, and a conceptual
sediment transport model of the watershed presented. A generalization of the model

to other valleys in this arid environment will be presented.

Setting

Los Alamos National Laboratory is located on the eastern flank of the Jemez
Mountains in north-central New Mexico, Fig 1.1. The Jemez Mountains are a ring of
volcanic and volcaniclastic rocks, surrounding a caldera (a collapse structure) of
rocks ranging in age from Pliocene to Holocene (13 million years ago to less than
11,000 years ago). The most recent eruption was the Bandelier Tuff, a thick
sequence of ash-flow and ash-fall deposits. These deposits nearly encircle the Jemez
Mountains and form a gently dipping platean on the eastern side known as the
Pajarito Plateau (Crowe,1978). The Pajarito Plateau has been dissected into .
numerous, finger-like mesas separated by deep, east-southeast trending canyons. The
Plateau is eroded on its eastern margin by the Rio Grande, the master stream of the
region. Los Alamos National Laboratory is located entirely on the Pajarito Plateau.

The Potrillo Canyon watershed is small and steep. It is located entirely on the
Pajarito Plateau, and is mostly contained within the Laboratory, Fig 1.2. It has an
area of about 7.8 km?, is § km in length, and has an average gradient of 3 percent.
The watershed is characterized by flat mesa tops leading to nearly vertical canyon

walls which terminate in large talus piles of tuff boulders. The valley bottom ranges
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from narrow in the upper end of the watershed to broad in the middle and outlet end.
Vegetation varies significantly through the watershed; the upper end, which is over
2100 m in elevation, has a covering of Ponderosa pine that changes to a pinbn-
juniper community in the lower reaches. Soil cover on mesa tops is thin to absent,
and in the valley bottom ranges from thin in the upper reaches to over 9 min the
middle and outlet. The watershed contains 4 active and 1 inactive firing sites. The
inactive site has not been used for diagnostic weapons testing since April 13, 1973,
Land use in Pouillo Canyon watershed is limited to development associated with
firing sites: asphalt roads, firing pads and bunkers, some storage buildings. During
the last 40 years land use changes have been minimal.
Los Alamos has a semi-arid climate. Average annual precipitation is

475 mm. The rapid decline in elevation, from just over 3050 m in the peaks of the
Sierra de Los Valles above the town of Los Alamos (2225 m) to 1645 m at the Rio
Grande, & distance of about 13 km, is echoed in the gradient of annual precipitation.
The peaks receive about 750 mm of precipitation annually, decreasing to about 200
mm at the Rio Grande. Precipitation occurs predominantly in two forms, rain from
summer thundershowers during July and August, and winter snowfall, which
measures around 1.3 m annually in the town of Los Alamos. Evaporation and
gvapotranspiration are large, with potential evapotranspiration exceeding average
annual rainfall.

| None of the canyons traversing the Pajarito Plateau through the Laboratory
contain perennial flow. Flow of water in the canyons is in direct response to rainfall
events and snowmelt runoff, There are instances where perennial lenses of

groundwater exist in canyons receiving effluent releases; generally these lenses are



seasonal and/or of limited horizontal extent., Where shallow groundwater is present,
water has perched on slightly less permeable layers within the Bandelier Tuff. Depth
to deep groundwater in the main aquifer ranges from about 90 m near the Rio
Grande, a groundwater discharge area, to over 485 m at the western margin of the
Pajarito Plateau. This main aquifer provides the water supply for the town of Los
Alamos as well as the Laboratory.

Investigations terminate at State Road 4, which coincides with the Laboratory
boundary. Southeast of State Road 4 the watershed is open to public access. About
0.8 km downstream from the highway, Potrillo Canyon empties into Water Canyon,
a larger watershed with headwaters in the peaks of the Jemez Mountains and which
also traverses the Laboratory. Less than 1.6 km from this confluence, Water Canyon
empties into the Rio Grande, Fig 1.2. The Rio Grande is public waters and used for

recreation such as rafting and fishing.

Flow Pathway Analyses in Potrillo Canyon: An Eulen'a{l Approach

In hydrodynamics, sampling characteristics of fluid flow at fixed points is
called an Eulerian approach. In this study of uranium transport, observations of peak
stage, and uranium concentration in runoff were made at points along the watershed.
Cumulative runoff samplers were installed in 1983 and 1984 at five locations in the
watershed, Fig 1.3. The purpose of these samplers was to collect summer stormwater
runoff in order to estimate uranium movement from firing sites through the
watershed and outlet and to evaluate the potential for contamination by dynamic

testing entering the Rio Grande. The locations of these samplers were selected to be
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in close proximity, preferably downstream, to firing sites in order to assess the
individual depleted uranium contribution from each site.

After collecting samples from a number of large rainfall events over several
years, an interesting pattern became apparent. Most of the time, runoff samples were
collected from the uppermost 2 or 3 samplers, and occasionally all 4 samplers
upstream from Lower Slobovia, Fig 1.3. It was uncommon for all 5 samplers to be
full after a runoff event. The sampler which seldom contained water is located at
State Road 4, near the terminus of the watershed. It seemed the stream would flow
down to the Lower Slobovia area but no farther. Discontinuity in soreamflow is not
uncommon in semi-arid watersheds, but was an unexpected observation in a
watershed as small and steep as Potrillo Canyon.

A thorough inspection of the stream channel near Lower Slobovia
corroborated this observation of flow discontinuity. A well-developed stream
channel, with traditional banks and bed features rapidly changes into a wide
floodplain landscape of brush, u'ee's, bushes and grasses. About 1.2 km further
downstream, a definite channel reappears. Walking along this channel it was
apparent that there had not been flow for quite a while, indicated by a substantial
thickness of debris covering the bed, mostly pine needles and pine cones.

Crest stage recorders confirmed the observation. A crest stage recorder was
installed in 1988 about 0.5 krmn downstream from the Lower Slobovia bunker.
Precipitation during 1988 exceeded average annual precipitation by 30 percent,
precipitation during 1989 was slightly less than the annual average, and precipitation
during 1990 was equal to the average. Inspection of the crest stage recorder

downstream of the Lower Slobovia bunker and the channel bed after each event



during 1988 through 1990 confirmed that there was no streamflow through the
channel-less reach.

Many watersheds without baseflow produce runoff differentially in space.
Schick (1977), in studies in the Negev desert in Israel, and Campbell (1977), in
southcentral Alberta, Canada, report instances of these phenomena. During the
majority of events, there is significant discharge loss in Potrillo Canyon. The area
where loss occurs enables the present watershed to behave effectively as two
separate watersheds, which has produced a pronounced effect on both the flow
dynamics and sediment deposition. An area of flow loss is not uncommeon in streams
in arid areas, but there is not much literature available on the small-scale examples.

One small-scale example will be described.

Discharge Sink

An area where inflow exceeds outflow (if there is any outflow at all), where
stream velocities decrease and the flow infiltrates into the channel and valley; where
there is no defined channel (only a broad valley), and where there is sediment
deposition and aggradation is herein called a discharge sink. It is distinguished from
areas of temporary sediment storage along the channel by the lack of flow coatinuity
tﬁrough the area. These sinks can be manmade or naturally occurring. They can be
recognized by the lack of a channel through their length, an increased thickness of
sediment, or a pattern of sediment fining in the distal direction. They can be, but are
not necessarily, topographic depressions.

Such an area exists in Potrillo Canyon from a point approximately 0.5 km

southeast of the road to Skunk Works to about 0.5 km south of the Lower Slobovia

10



firing site bunker. There is at present no defined channel through its length, although
the remains of a former channel can be distinguished primarily through floristic
variation from the surroundings. This discharge sink appears to serve as a giant
sponge, absorbing streamflow and trapping all the incoming sediment load. After a
large runoff event, patterns of diverging flow at the upstream end can be observed,
and the individual channels traced to where they end in dams of pine needles, pine
cones and tree debris. All the flow infiltrates into the ground. Downstream there is
no evidence of further streamflow (i.e., no deposition of fine-grained sediment, no
scouring or bed forming features).

By trapping sediment, the sink serves to contain contaminants, heavy metals
in particular. Uranium, with a specific gravity of 18.95, could easily accumulate in
such an area. Each subsequent inflow can bring depleted uranium from upstream,
and resuspend and redistribute existing uranium. Infrequent surface outflow from
this area insures that the majority of the time the only mechanisms to release
uranium are airborne, man-initiated, and dissolution by the infiltration water..With
the Lower Slobovia firing site essentially located within this sink, one can
hypothesize that the discharge sink effectively traps sediment from all S firing sites
located in the watershed.

During July 1989, a borehole was made at the upstream end of this sink to be
used for neutron moisture probe measurements. More than 10 m of unsaturated
alluvium was encountered before encountering saturated alluvium. The hole
bottomed at 18.6 m, still in the saturated alluvium. The total saturated thickness is
unknown. Two other boreholes, one about 0.5 ki upstream, and the other about 1

km downstream of this locaton, encountered no saturated alluvium; these holes were

I1
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15-19 m in total depth. The apparent spatial isolation of this saturated zone provides
further evidence that streamflow preferentially infiltrates into this area. It is
postulated that infiltrating streamflow percolates through the alluvium until it
perches on a less permeable layer or bed or reaches the water table. A seismic survey
of this sink confirmed that there was no perched-water aquifer in this reach of the
canyon. The shallow seismic refraction techrique used has been successful in aquifer
delineation on the Pajarito Plateau in other canyons, where the observed saturated
zone may be extremely localized. Such saturated zones vary in horizontal and
vertical extent through time in response to runoff volume and to the spatial and
temporal supply of water to the discharge sink. The stability of the discharge sink

and its origin are unknown.



CHAPTER 2

OCCURRENCE OF RAINFALL AND RUNOFF IN POTRILLO CANYON
WATERSHED

Climatology

Los Alamos has a semi-arid climate with an annual average precipitation of
475 mm. Precipitation amounts vary locally as the elevation changes. In the peaks of
the Sierra del Los Valles, annual precipitation is closer to 750 mm, whereas at the
Rio Grande, annual precipitation is about 200 mm. This gradient in rainfall occurs
over a distance of about 13 km and decline of nearly 1525 m elevation. About 75%
of the total annual precipitation is rain.

Forty percent of the annual precipitation falls in July and August during the
monsoon season. The monsoon season, characterized by frequent thundershowers,
forms when 2 high pressure system, called the Bermuda High, locates over the
eastern United States or western Atlantic Ocean during the summer months. This
high pressure permits a weak southeasterly flow of moisture from the Gulf of
Mexico toward New Mexico. Other mechanisms which can transport moisture into
the area are jet steam flow from the Pacific Ocean, and upper level atmosphere “cut-
off lows" of low pressure (Bowen, 1989).

Summer thundershowers commonly occur in the early afternoon and early
evening hours. Progressive heating of the ground begins warming the air early in the
day; the warmed air, now lighter, rises. Sufficient moisture in the air, supplied from the

Gulf of Mexico, permits the air to condense, form cumulus and cumulonimbus clouds,

13



14

and showers develop. Frequently, cloud formation begins over the Sierra de Los
Valles. The resulting rain front moves from west to east over the Pajarito Plateau,
diminishing as it moves eastward. This trend is apparent in the annual rainfall
gradient from west to east along the Plateau,

Snow is common during the winter months. The average annual
accumulation is about 1300 mm. It is common to have accumulations in excess of
100 mm with an individual storm, but mild temperatures and intense solar radiation
usually melt heavy snow cover rapidly. Many years have little springtime snowmelt

runoff due to high evaporation and sublimation rates in the winter.

Precipitation Statistics in Los Alamos

Weather records have been recorded in Los Alamos since November 1910,
Records exist for 81 years, although years 19186, 1917, 1918, 1920, 1922, 1923,
1943, and 1945 are incomplete, and there are no records for 1921. The gage has been
moved a number of times. Table 2.1 summarizes the different locations and Iicriod of
record. A double mass curve was prepared, comparing records from the Los Alamos
gage with Santa Fe records, Fig 2.1. The purpose was to determine if the Los Alamos
data has been affected by the gage movement, Only years with complete
precipitation records at both stations were used.

There is a break in slope in the double mass curve between 1915 and 1919.
Other slope deviations occur during the periods 1938-1941 and at 1951, but neither
persisted for at least 5 years, and therefore are not considered significant (Chow,
1964). Examination of the Los Alamos records between 1315 and 1919 reveal no

change in the gage location during that period. As the difference in slopes is slight, it
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Locations of the Los Alamos Raingage

Time Period

1910-1990

Location

November 1910 - March 10, 1946
March 19, 1946 - April 30, 1950

May 1, 1950 - December 31, 1951
January 1, 1952 - March 20, 1956

March 21, 1956 - August 31, 1956
September 1, 1956 - 1978 or 1979

1978 or 1979 - June 1987

June 1987 - 1990

Los Alamos Ranch
Townsite

Airport

H/Administration Bldg
(now the site of Los
Alamos Inn)

LANL, TA-3, SM-43 roof
LANL, TA-3, SM-43

on ground near

southwest end of bldg
LANL, TA-59, OH-1

on ground near

southeast end of bldg
LANL, TA-59, OH-1 roof
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will be assumed that the change in the gage location has not affected the
precipitation record.

Daily rainfall is plotted in Fig 2.2. The maximum daily value recorded was
88.4 mm on October 5, 1911. Annual and monthly precipitation statistics are
compiled in Table 2.2. The annual mean and standard deviation are based on the
entire record of complete years. The mean annual rainfall, using a record length of
7O years, is 474.0 mm, with a standard deviation of 117.4 mm. The maximum annual
precipitation was 770.6 mm in 1941, the minimum was 172.7 mm in 1956. The
wettest mean month is August, with 92.0 mm, and the driest mean month is
February, with 20.6 mm. The largest monthly rainfall occurred in 1952, when

281.4 mm of rain was measured during August.

Rainfall Monitoring in Potrillo Canyon Watershed

Los Alamos National Laboratory maintains a number of weather stations
around the Laboratory, but there are none in the Potrillp Canyon watershed. 'fhc
closest collection station is located on the mesa top of Mesita del Buey, 1.2 km north
of the watershed boundary, and has been operating since 1980. It is common in the
summertime for rain clouds to form over the Sierra de Los Valles. The clouds drop
rain as they move east and southeast over the Pajarito Plateau, the amount of
precipitation decreases in the eastward direction. Because the watershed trends
northwest-southeast, similar to the Los Alamos area precipitation gradient, it is
difficult to make inferences whether individual storms measured at the Laboratory’

main station also produced rainfall at Potrillo Canyon, or predict which portion or
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TABLE 2.2
ANNUAL AND MONTHLY PRECIPITATION STATISTICS MM)
FOR LOS ALAMOS
Maximum Minimum
Standard  Number (Year (Year
Mean Deviation of Years QOccurred) Qccurred)
Jan 21.84 23.62 76 . 171.45 0.00
16) (’12,722,28
'42,°46)
Feb 20.57 25.15 77 198.12 0.00
5D (’22,’43,'54)
Mar 26.67 21.34 77 104.39 0.00
73 (’22,’34,’46)
Apr 26.67 25.15 76 117.86 . 0.00
(13) (’25,'29,
!30,167)
May 33.53 25.15 76 113.54 0.00
. (’28) ’45)
Jun 35.81 33.78 77 143.26 0.00
(’86) (’16,’29,
*51,’80)
Jul 81.53 41.66 78 201,42 8.89
(19) ('30)
Aug 91.95 46.74 77 281.43 1295
(32) (22)
Sep 50.55 3099 75 147.07 0.00
(41) (’53,’56)
Oct 39.37 36.07 74 174.75 0.00
57 (’52)
Nov 20.83 24.64 74 167.64 0.00
78 (’14,'32,'37
*42,'50,°56)
Dec 23.62 21.59 74 94.49 0.00
("18) 30)
Annual 47396 117.35 70 7;{354 1722.72

('36)

20
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of the watershed received rainfall based on the Mesita del Buey measurements.
Rainfall is often extremely localized.

There are cooperative observer measurements of rainfall and snowfall in the
watershed, Measurements have been made one time or another at I-J site, Eenie site,
and Meenie site, all which are located on mesa tops. They consist of daily totals, No
measurements have been taken on weekends or holidays, and there have been
periods of months where no measurements were taken. To obtain hyetographs within
the watershed, two tipping bucket raingages were installed in the canyon bottom in
the summer of 1989. These were connected to data loggers to provide a continuous
record of rainfall, One gage is located near the I-J cumulative sampler station and the

other near the Lower Slobovia cumulative sampler, Fig 1.3.

Occurrence of Runoff by Cumulative Runoff Samplers

Beginning in 1984, 5 cumulative runoff samplers were installed in Potrillo
Canyon watershed, and a sixth installed in a small side canyon to Mortandad Canyon
to provide background data. A cumulative runoff sampler is a buried bottle in the
stream channel with a tube emanating from the neck pointed upstream to collect
streamflow. The bottle is anchored to a particular spot through attachment to a heavy
angle-iron set into the channel bed. After a runoff event, the bottle is removed and
replaced. This method does not require an operator to be present, is inexpensive, and
usually robust for collection in locations with intermittent streamflow.

The five collection stations were located according to two criteria. The first
criterion was that the location be downstream from a firing site, and the second

criterion was that the station be in a channel suitable for emplacerment, collection,
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revealed that there has been no flow through the channel reach in the vicinity of the
Lower Slobovia bunker during the study period 1988-1990. The arca downstream of
Lower Slobovia can at times cause sufficient runoff to produce flow at State Road 4,
while the runoff upstream of Lower Slobovia infiltrates into the canyon alluvium at
the discharge sink near Lower Slobovia. Cumulative samplers were found to be
efficient water quality collection devices which operated successfully without
supervision; however, in this watershed, inferences made about steamflow in other
portions of the watershed based on data from the cumulative samplers were found to
be misleading. Cumulative samplers reflect flow in the vicinity of the sampler but

cannot be extrapolated to inferences of continuous flow between samplers.

Crest Stage Monitoring, Hyetographs and Hydrographs

Crest stage recorders were installed at the beginning of the summer of 1988
at 5 locations throughout the watershed. Four of the 5 locations coincide with the
cumulative samplers, at the E-F site, I-J site, Skunk Works site and State Road 4
locations. The other crest stage recorder was installed downstream from the
discharge sink, where the channel had reestablished. The purpose of the crest stage
recorders was to determine the peak runoff discharge in locations along the channel
in the watershed, Crest stage recorders consisted of aluminum standpipes 0.9 to 1.3
m in height, perforated along the bottom 0.3 m. These were sunk into the channel
bed with about half of the length protruded above the bed, located in the center of the
active channel. Crushed cork was placed inside. The holes in the pipe allow for the
water to statically rise inside of the pipe to the same elevation as the flowing water.

A high water mark of crushed cork delineates the maximum static height of water in
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the channel. After an event, measurements were collected for each recorder, and the
cork inside washed down to the bottom.

All crest stage recorders indicated that there was flow at one time or another
during 1988, 1989 and 1990 at all locations; however, the crest stage recorders were
not maintained during the winters, so that the indicated flow occurred during the
spring, summer, and fall runoff seasons. The crest stage recorder downstream from
the flow sink recorded flow for the first time since installation in the late summer of
1990. Interestingly, the source of the flow did not come through the main channel or
through the discharge sink, but from a side tributary headcut draining a small sub-
area on the west side of the stream from a new construction site. The lack of rise in
the cork in this recorder during 1988-1990 provided positive evidence that there was
no flow through the flow sink during the that period.

Peak discharges were calculated from stage data using the Manning
Equation, which in SI units is:

Q=(1.0/n) ARY3 512 .
where Q = discharge in m3s-

n = Manning roughness coefficient

R = hydraulic radius inm

A = cross-sectional area in m?

S = channel slope, dimensionless.

The area and wetted perimeter were derived by measuring the channel cross section
at the selected location and computing the channel area and wetted peﬁmctcr asa

function of water depth. The slope was obtained with a transit. The Manning n was
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selected through comparison with Manning n values derived for channels in Barnes
{1967).

Peak discharges fr;am data collected at the I-J and Skunk Works crest stage
recorders in 1988 varied from a low of 0.002 m3/s to a high of 0.87 m3/s. In every
instance where flow was recorded at both locations during 1988, the Skunk Works
discharge was greater than at I-J.

In the summer of 1989, the crest stage recorders at the I-J and Skunk Works
locations were modified by attaching access ports containing Druck PDCR 903/T1
series pressure transducers to measure the static rise, These transducers replaced the
manual servicing of the crushed cork and were found to provide a history of the flow
rise and fall, unlike the cork. A tipping bucket rain gage was installed at both
locations. Both the rain gages and the pressure transducers were linked to a
Campbell Scientific CR10 data logger, which enabled continuous recording of
rainfall hyetographs and flow stage hydrographs.

o i)aily rainfall amounts for the I-J and Skunk Works Sites are shown in
Fig 2.3. Each division is one month. Data for the months of January through March
are from the TA-59 raingage, located 4.3 km northwest of the I-J gage. These data
were used because the tipping bucket raingages in Potrilio Canyon are not equipped
with heaters and therefore cannot accurately measure snowfall or water equivalent of
snowfall. The year 1990 began fairly typically, with the majority of precipitation
falling during the summer months of July and August, and in September.

During 1990, the Skunk Works site received slightly more than 17 mm of
rain than the 1-J site during the months April through September; the excess occurred

during April and September. The I-J site received 17.5 mm more rain than Skunk
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Works during May, June, July, and August. This follows the expected trend of
summer rainfall patterns, with greater amounts falling closer to the Sierra de Los
Valles, and diminishing in the distal direction. Note that this pattern is
distinguishable even though the two gages are separated by a distance of only
3.05 km. |

Daily rainfall amounts were generally small, with totals less than 25 mm.
Five rainfall events were examined in greater detail because each produced runoff
hydrographs at I-J site, and in two instances, at the Skunk Works site. These events
occurred on July 22, August 2, September 6, September 7, and September 28th.
Hydrographs and hyetographs for these events are presented in Fig 2.4 through 2.8.
The total rainfall amounts, and duration of ¢vents are presented in Table 2.3, All
these events are of relatively short duration. The longest duration rain measured
20.3 mm in slighdly less than 5 hours at I-J site. The shortest event lasted 57 minutes
at Skunk Works, where 24.4 mm fell. At times, rainfall intensity was great; as much
as 1.5 mm was measured in a 1 minute period. In general, these events can bé
described as fairly short duration and relatively high intensity.

Information on the resulting hydrographs is preseated in Table 2.3. The
hydrographs can be characterized as sharply peaked, with durations frequently less
than an hour, and rise times occurring shortly after the onset of rainfall, At I-J site,
the duration of the hydrographs varied from over 15 hours (the longest) to just
19 minutes. At Skunks Works, one hydrograph lasted 83 minutes and the other just
short of 4 hours. Hydrographs volumes were calculated using graphical integration

techniques.
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1990 Rainfall and Runoff in Potrillo Canyon Watershed

Table 2.3

RAINFALL
Amount (rom) Duration (min)
Date I Skunk Works L] Skunk Works
July 22 19.05 2438 96 57
August 2 11.68 8.89 119 102
September 6 10.67 18.29 61 7
September 7 11.18 330 37 20
Sepiember 28 20.32 1778 4 298 255
RUNOFF
Hydrograph " Peak Time to
Volume Discharge - Duration Peak
(%) () (min) (min)
Skunk Skunk Skunk Skunk
Date I Works 18 Works -] Works 13 Works
July 22 6689.31 3778.86 08 133 927 239 66 RS
August 2 0.98 1392.32 0002 163 - 46 83 21 14
September 6 1585 - - 023 - 10 -
September 7 15.44 - - 7 -
September 28 1775.34 - - 61 -

€€
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The maximum volume measured occurred from the July 22 event at I-] site.
Over 6600 m? (over 1.7 million gallons) passcd through the gage. Nearly 3800 m3
(about 1 million gallons) were measured at Skunk Works. The I-J site hydrograph
peaked in 66 minutes with a peak flow rate of 0.85 m3/s. The Skunk Works site
peaked 26 minutes before the main péak at I-J. Peak flow at Skunk Works from this
event was 1.33 m3/s and occurred after 31 minutes of flow (41 minutes after it began
raining there). Consequently it appears that all of the Skunk Works flow up to the
peak was from localized runoff and nét flow which passed through the I-J gage.
Flow at Skunk Works between the timckof peak and the end of flow probably has
been recorded at I-7, and equalled about 2700 m3 over a 2.8 hour period. The time
from I-T's first peak to Skunk Works ﬁrst break in slope on the falling limb (labeled
"A" and assumed to be the peak from I-D was about 45 minutes. The distance
between the two gages is about3 km, implying a travel time of 1.1 m/s. The amount
of flow past I-J gage after time 20:5 lon Iuly 22, 1990, probably infiltrated into the
channel between I-J and the Skunk Works gage, because there was no flow recorded
at Skunk Works after that time. The volutie of that portion of the I-J hydrograph is
about 570 m3. Therefore, nearly 60'percent of the flow recorded at the I-J gage
appeérs to have infiltrated or cvaﬁéfaiéé.fBeéausc no flow was measured by the crest
stage recorder downstream from thé’Sk"ﬁhk Works gage, all flow past this gage is
assumed to have infiltrated into the discharge sink. Field inspection of the flow path
was made after this event in the 4diséharécﬂ sink and the terminus was delineated
approximately 105 m downstrcam from thc begmnmg of the sink. There was no

evidence of flow out of the smk,"ﬁns was thc first discharge event in the watershed
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during 1990, even though there had been rainfall previously (it had rained nearly
every day of the month up to July 22nd).

A second event which created runoff at both gages occurred on August 2.
Rainfall amounts were modest; there was 11.7 mm measured at I-J in about 2 hours,
and 8.9 mm measured in a 1.7 hour period at Skunk Works. Very little flow was
produced at I-J, as indicated by the small volume and peak discharge (0.98 m3 and
0.002 ﬁ13/s, respectively). In conuaén neaﬁy 1400 m? (over 1/3 million gallons)
passed through the Skunk Works gage in an 83 minute period with a peak flow of
1.63 m3/s. This flow is assurmed to have been produced between the two gages.
Inspection of the downstream crest st&gc recorder and visual observation within the
discharge sink provided evidence that all flow infiltrated into the discharge sink
about 150 m distance downstream fromt}w beginning of the discharge sink.,

Three other rainfall events cheatéd mnoff at I-J site, but runoff was not
produced at Skunk Works. The September 6 and 7 events created small volumes of
runoff at IJ, Table 2.3. The September 6th storm produced 18.3 mm of rainfall at
Skunk Works, but apparently the soil had dned out sufficiently so that all rainfall
infiltrated the overland and channel segments upstream from Skunk Works. Hence
there was no flow past the Skunk ’Works gage. Likewise, there was no flow at Skunk
Works from the September 7th raiti eventf‘rhc September 28th event of 20.3 mm at
1.7 site produced a runoff volume of 1775 m3 with a peak flow of 0.3 m3/s. There
was no measurable flow rcgistercdéat thc Skunk Works gage, although inspection of
the cfianﬁel in the vicinity of thegagc ;ftcrwaxds showed that there had been some
extremely low flow due to the cvent.‘r!':c?cwas some redistribution of heavy metals

on the channel floor, but no runoff ‘had collected in the cumulative sampler located



about 15 m downstream. Therefore, it appears that all runoff which flowed past the I-
J gage infiltrated into the channel before reaching Skunk Works. It also appears that
any runoff produced between the I-J and Skunk Works gages infiltrated into the
overland and channel portions of the watershed between the two gages.

PoTM-y

PoTM-z
Infiltration Studies PoTM-3

In August 1989, three monitoring wells were installed in the vicinity of the

discharge sink to monitor vertical moisturs movement using a neutron moisture

probe. The three wells were located upstream from (#1), at the upstream head (#2),

and near the downstream edge (#3) of the :discharge sink, Fig 2.9. All were located in
the active channel. ,

Three 10.2-cm diameter boreholes were drilled to accommodate the 5.1-cm
diameter aluminum casings. Well #1 wasdnllcd at the Skunk Works road crosSing.
The hole was augered to 15.2 m,and 1V4.3"in of aluminum casing installed. Although
the depth is uncertain, changes in dnlhng prcssurc indicated that a change in
lithology occurred between 8.2 and'9: 1 m dcpth from alluvium to a weathered tuff.
Moisture contents in the cuttings in this hole were low; no excess moisture was
observed in the cuttings. The weathered tuff appcared as a silty clay.

Well #2 was drilled down to 18 6 m, and 16.4 m of aluminum casing was in-

stallcd. Over 2 m of collapse occurred t the bottom of the hole between the time the

au‘gei' was pulled and the casing ¥ m the surface downt03.0t0 3.6 m
alluvium was encountered; weathered taff was found to the botiom of the hole. The
moisture content in the cuttings was dry (10-20 percent by volume} until a depth of

10.7 m. There the cuttings showed saturatéd conditions down to the bottom of the
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hole. The grainsize of the cuttings increased with depth to a silty sand (although still’
a weathered tuff) at the bottom of the holc. .

Well #3 was drilled to a depth of 15.8 m, and 14.6 m of casing was installed.
The lithology showed O to 4.6 m depth was alluvium, and from 4.6 to 15.8 m
weathered Bandelier tuff was encountered. Moisture contents in the hole closely
resembled those in Well #1. |

In each well, the upper 1.5 to 3 m of casing are cemented up to the ground
surface to prevent water from the channel flowing down the casing and producing
spurious results. Therefore, to mvcsdgaw iindisturc content in the near surface region
a shallow well, from 1.5 ©0 2.7 min dcpth, accompames each deep well.

A Campbell Pacific neutron moxsturc probe Model 503DR, was calibrated
using the test calibration facility opcratcd by the U.S. Geological Survey at the U.S.
Department of Energy’s Nevada: Test Sme. “The calibration facility consists of three
test tanks 1.2 m diameter and 1.5 m hxgh ﬁllcd with silica flour and silica sand
mixture. Each tank had a unique vo!umetnc moisture content; they were 20.7, 13.8,
and 7.7 percent. A linear rclanonshxp ‘between the probe’s count ratc and volumetric
moisture content was developed by ﬁttixig a first order polynomial equation derived
using the method of least squares. To adjust the curve to insitu conditions at Los
Alamos ,’ a field measurement was made, and the volumetric moisture content
measured on a representative soil ‘Sixm‘plé collécted at the site of the probe
measurement. The relation bctwecn count rate and volumetric moisture content,

adjusted for Los Alamos alluviim condmons, was determined to be:




Y =0.007 X - 45.55
where Y = Volumetric moxsture content in percent
and X = Probe count rate.

Although there is a linear relationship between the volumetric moisture content and
count rate in the moisture range of 7.7 to 20.7 percent (Klenke and others, in press),
the relationship is probably not linear below 7.7 percent. Applying the linear
relationship to Los Alamos data below 7.7 percent predicted negative moisture
contents. The same result was vcrbally reported by a geologist (Dan Blount, personal
communication) from Raytheonrsfervicc‘s_ of Nevada (a contractor to the U.S.
Geological Survey in Nevada). Théxeforc, to obtain moisture contents below 7.7
percent (corresponding to about 7600 counts) separate field calibration studies need
to be performed.

~ Moisture measurements weretafcen ‘after the wells were installed on August

23, 1989, and again after 2 rain ¢

"és on September 7, and October 6,
1989 August 23 represents a relau vely &xy ’a’&kground condition; there was 0.5 mm
rain on August 21, and no rain for seVeral days before August 21. Prior to September
7, ramfan measured on September 9 wis 13.2 nm, 5.6 mm on September 3, 1.0 mm
on Séptembcr 4, and 10.7 mm on SepierhbefS} totalling 30.5 mm. Before the
October 6 reading, rain measured on October 2 was a trace, 13.0 mm on October 3,
15:8 mm on October 4, 12.7 mm on October 5, and a trace on October 6, totalling
41.5 mm before the measurement. Runoff was observed at the Skunk Works
cumulanvc sampler on August 14 ( it washcd out the cumulative sampler) and after

the October 2-6 sequence.

ol
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Results from neutron moisture probe logging from Well #1 are presented in
Fig 2.10 through 2.12. In all plots, the soli.d boxes represent _moisturc measurements
from the shallow well and open boxes axe t_hc décp well measurements. Neutron
probe measurements are made every 03 m down to the bottom of the shallow wells
and every 0.6 m from the last shallow well measurement to the bottom of the deep
well. In the background log on August 23, Fig 2.10, the moisture content was 34
percent and 29 percent at 2.4 m and 2.7 m depths respectively. Moisture content then
drops to below 7.7 percent from 2.7t0 11 .6 m, increases to 11 percent at 11.6 m,
decreases to 8 percentat 12.2 m and mcrcascsto 16 percent at 14.0 m. On September
7, Fxg 2.11, the volumetric moxstutc was 25 pcroent at2.4 m, 15 percent at 2.7 m,
below 7.7 percent from 2.7 to0 10.7 m, mcreased to 15 percent at 11.3 m, was below

7.7 percent from 11.9 to 13.7 m, and mcxfeascd to 29 percent at 14.3 m. On October

6, Fig 2.12, volumetric moisture excecs ‘f"“f“?"l.?ipcrcent at: 2.4 m with 18 percent, 11.3
m with 13 percent, and 143 m th!f‘ 20 pcrcént In summary, there appeared to be
three zones which consistently ex}nbwed nfoxsture content above 7.7 percent; they
were at 2.4 m, 11.3 m, and 14.3 . Initial moistire content in the August 23 reading
at'thc '2.4 m depth was 34 percen{f ‘Thé*ﬁ’féisnn‘c declined at this depth to 25 percent
in Scptcmber, and to 18 percent in October Moisture content at the 11.3 m depth
rcmamed relauvely constant through the tluec readings, varying between 11 and 15

percent. The percent moisture at the~14.3 _mdcpth increased from 16 percent in

August 10’30 percent in Octobcr.‘-Irfciea'séd‘mbi‘sture readings at these three depths

consistently through the August—GEfGSéf }?cnoa is probably related to some
lithologic change, for example a sl’x’ght crea; 3 in the clay content, along with a

downward moisture flux from the surfaée region. Moisture, in general, declined
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Fig 2.10 Moisture in Well #1 August 23, 1989 (Solid Box-shallow well reading, open box-deep well reading).
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of cubic meters; therefore one would expéct to see vertically moving moisture fronts
in this well, Each well was logged one or th days following a runoff event. The
nearly uniform moisture conteni wnh dcpth indicatcs that rates of moisture
infiltration must be very rapid, on the order of hours. Moisture does not appear to be
retained in the profile down to 15 m, but to be percolating to deeper depths, possibly

to the water table,




CHAPTER 3

OCCURRENCE OF URANIUM THROUGHOUT POTRILLO CANYON
WATERSHED

Historic Use of Depleted Uram'_um th Los Aiamos National Laboratory

It is estimated that amoﬁnts’gs:rﬁdch as 80,000 to 105,000 kg of natural and
depleted m‘aniﬁm have been expe;;ded kav‘t thé Laboratory since 1943, This number
assumes that the 45,000 kg of uraniﬁzh reported used from 1943-1953 is all depleted
uranium, but the lack of records from this period precludes the ability to separate

depleted uranium from natural uranium usage, since both were used. An estimated

32,500 kg of depleted uranium weze expended between 1954 and March 1971

collectively into Potrillo, Pajanto, d Fon ) _'f‘,anyons Again, it is difficult to

accuratcly estimate the amount whxc was expended into the Potnllo Canyon
watershed. If one assumes that one ’h o ihat amount was used in Potrillo Canyon
Watershed, because Potrillo contains 4 of the 8 firing sites present in these three
canyons, and that the uranium usage in't;xe 1970's and 1980's was less than 20,000
kg, a conservative estimate of the tct-aivuraiﬁx’ztn source term in Potrillo Canyon is in

the neighborhood of 35,000 kg.. © 7+

Background Levels of Uranium'in Couhn'y Rock

The Bandelier Tuff consmts of two sequences of air-fall and ash flow

deposits, the lowcr Otowi Member datcd at 1 4 Ma, dlscomformably overlain by the

upper Tshxrege Membcr dated at' “ Bandchcr Tuff has bc°n characterized

ik,




geochemically and petrographically by Crowe and others (1978). Uranium was one
of the trace elements analyzed. Values of 38 samples collected in three composite
locations in Los Alamos County varicd’bctwecn 4.0 and 11.35 ppm; the rixean value
was 7.83 ppm with a standard deviatioan’f 2.02 ppm. Uranium concentrations in
country rock are bimodal, with concentration maxima at around 4.5 and 8-9 ppm,
Fig 3.1. ;

Bahdelicr Tuff was samplédk m 1983 for uranium, Table 3.1. Each member
and its individual subunits was sampled. msomc instances more than once. Values
ranged from a high of 11.02 ppm td a lqw of 3.08 ppm; the mean concentration was
5.74 ppm with a standard deviation of 2.25 ‘ppm. These values are comparable to
those published by Crowe and within the réngc of global soil values (Watters, 1983).
Notice that the older deposits, the Otowi Mcmber and Units 1A and 1B of the
Tshircgc Member have nearly twice the uranium concentrations as the younger
deposits in the Tshirege, Units 2A, 2B, 3A,; and 3B. This probably explains the
bimodality observed in Fig 3.1. It is rggsonéblq,to assume that sediments deri\}cd
from Bandelier wff will have natlmlmmum ;:gmposidons similar to their parent
rock, and reflect the uranium compoSitibti‘ of the individual units. Potrillo Canyon is

cut into units 1A, 1B, 2A, and 2B.

Background Uranium Concentrations in .S'edmzents

Channel sediments were cougc;bd m1983 from the ephemeral streams which
cross the Pajarito Plateau and analymdfortotil uranium, Table 3.2. The streams
listed in Table 3.2 are located boihfon t!'xc' Laboratory as well as U.S. Forest Service

and San Ildefonso Indian Reservation land, and ihe sample locations designated by
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TABLE 3.1
URANIUM IN OUTCROP SAMPLES
uG/G)

Total
Unit Member Uranium
Guaje Otowi 11.02
Otowi A Otowi 5.99
Otowi B Otowi 6.71
Unit 1A Tshirege 8.12
Unit 1B Tshirege 7.91
Unit 2A Tshirege 8.46
Unit 2B Tshirege 470
Unit 2B in Ancho Canyon below well DT-9 Tshirege 3.83
Unit 2B in Big Buck Canyon below well DT-10 Tshirege 4.32
Unit 3 . , Tshirege 3.77
Unit 3A in Ancho Canyon below well DT-9 Tshirege 4.21
Unit 3A in Big Buck Canyon below well DT-10 Tshirege 3.51
Unit 3B in Ancho Canyon below well DT-9 Tshirege 3.08
Unit 3B in Big Buck Canyon below well DT-10 Tshirege 3.80
Pumice-Otowi at type section Otowi 5.87
Pumice-Otowi in Ancho Canyon Otowi 6.61




TABLE 3.2
TOTAL URANIUM IN CHANNEL SEDIMENTS IN STREAMS CROSSING THE PAJARITO PLATEAU
: (ne/e)
Location Undifferentiated Fine Sand Sil/Clay
Rendija at Guaje 2.89 2.65 413
Guaje at Well § R ~2.78 228 7.24
Barmrancas Canyon at Guaje 287 2.74 5.36
Bayo Canyon at State Road 42 245 228 498
Pueblo Canyon at the *Y"b : 1.70 243 2.26
“Los Alamos Canyon at the *Y"® - 1.78 1.81 542
Sandia Canyon at State Road 4¢ 335 2.41 5.84
Mortandad Canyon at State Road 49 260 2.42 6.01
Cedro Canyon at State Road 4 275 210 4.80
Max Canyon at State Road 4 290 3.19 5.42
Canada del Buey at State Road 4° 2.88 3.96
Pajarito Canyon below Area Gf 274 4.85
Potrilio Canyon at State Road 4f 245 412
Water Canyon at State Road 4¢ 2.16 5.86
Indio Canyon at Statec Road 4 2.77 6.65
Big Buck Canyon at State Road 47 5.15 9.73
Ancho Canyon at State Road 4 1.96 5.34
Ancho Canyon below well DT-9¢ o 9 1.58 5.13
Big Buck Canyon below well DT-10f g “1.88 1.69 4.84
Potrillo Canyon at confluence with Water Canyon{ 1.52 - 1.42 4.36
Water Canyon at confluence with Potrillo Canyonf - 3.05 2.62 597

Notes:

2 Natvral and depleted uranium used upstream at TA-10; decommissioned and decontaminated in 1963.
Possible uraniom release upstream from TA-45 and DP sewage treatment plants .

¢ Possible uranium release npsuream from TA-20 firing sites; decommissioned in 1985.
Possible uranium relcase upstream from TA-50 sewage treatment plant

¢ Possible uranium release from Area G, an active radioactive waste disposal site.
Possible uranium release vpstream from active or inactive firing sites,

9¢



a solid triangle, Fig 3.2. Five of the sites are located in watersheds whose source of
uranium is from either the host rock or from fallout. The remaining sites could have
potentially received uranium from eiﬁxcr fdﬁncr or active firing site activities, or
from former or ongoing waste trezitm;pt activides. |

Levels of uranium in these Chahnd sediments (undifferentiated) ranged from
1.52 t0 4.43 pgfg, with a mean of 2. 54 pg/g, Tablc 3.2. These levels of uranium are,
on the average, lower than levels mcasured m the host rock. Althou gh isotopic ratios
were not measured on these samples. thcsc levcls do not appear to represent elevated
levels associated with contamination of scdlmcnts of watersheds which may have
received uranium input from Laboratory aq;ividcs. Levels are comparable and in
instances lower than natural uranium 'lcvg:is‘ in the parent rock. In a separate study,
Purtymun and others (1987) madc ihca.éuféménts of uranium in sediments along the
Rio Grande upstream and downstream of the Laboratory between 1979 and 1986.
Purtymun’s mean concentration rcsult of 2 6 ug/g from a total of 59 samples is

csscnually the same as were measurcd on the channel sediments.

EeEt S R

-

Earlier studies of Uranium Distribe tritlo Canyon Watershed

Earliest soil studies of uriﬁum &ﬁlo Canyon watershed began in 1974

(Hanson and Miera, 1976). Soil samplcs oulocanons along transects located at E-F

firing site and the Lower Slobovia firin: site Iwerc collected both on the surface and
down 1o 10 cra depth, Firing site Iocatxohs are shown in Fig 1.3. Uranium
concentrations were shown to declmg with dxstancc from the target areas in both
layers at E-F firing site. Soil saﬁ)plihéiiﬂﬁé‘fcpeated in 1976 at E-F firing site in a

polar coordinate sampling layout which ‘iﬁéofporated depth sampling via cores down
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" to 30 cm, as well as samples of soil and sediment collected in a side canyon
(3 samples) and in the Potrillo canyon _channel to a distance of 9000 m from E-F
firing site (7 samples) (Hanson and chra, 1977) From these data, estimates of
70,000 kg of uranium present in the canyon system were calculated. Measurements
of uranium in standing water and runoff water led Hanson to state that storm runoff
was "an important vector in u'anspoiﬁn g uranium from E-F site" (Hanson and Miera,
1977). PR

Later, Hanson and Miera (1978) studied uranium concentrations by particle

size at E-F firing site, redistribution mechanisms of uranium by surface creep,

saltation and resuspension, and c&m;)aris of two methods of inventory calculations

at E-F firing site. They concludcd that. 1) uramum in the particle fraction smaller
than 53 pm predominated within 10 m of the targct; 2) uranium in the particle
fraction 1-2 mm were important at 20 50 md:stances. and 3) smaller particles
predominated at farther distances. Rcdism’buuon by suspension of fines was seen as
an active mechanism when the samphng hczght exceeded 0.5 cm above the ground
surface. Estimates of uranium mventoxy gy‘»sprface soils in the vicinity of the former
E-F firing pad determined that nearly 4500 kg of uranium was deposited within 200
m, and that the greatest uranium conccmr?itii;hs were at distances ranging between
125and 175 m. |

~ Other soil sarpling for uranium at E-F site consists of unpublished data

collected by the Environmental Scientc group at the Lab in 1985. Soils were

collected along transects, along with some dcpth data down to 15 cm in the vicinity
of the firing point. They also colic, >d ponc d'water, snow, and soil moisture

samples at the firing site, and measured uraniom in the water and suspended
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sediment. Uranium levels in soils were elevated, as were levels in the dissolved

phase. Uranium levels in soil water were also elevated. Uranium was apparently
concentrating in the soil water as the moisture content dropped and as the snow

melted, evaporated or sublimated.

Soil sampling at I-J firing site was conducted in 1982, associated with
emissions characterization of shaped chargcs of depleted uranium munitions
(Gunderson and others, 1983). Po;ar grid sampling to distances of 61 m from the
firing pad and depths to 0.1 m was conduétcd.

Soil sampling at the PHERMEX ﬁrmg site was conducted in 1987 by the
Environmental Surveillance group in assocxanon with preconstruction activities for a
new diagnostics center (unpublished dat;). One hundred forty-five surface soil
samples were collected on a grid adjacent to PHERMEX and three core holes were
drilled to a maximum depth of just over 3 m to sample for, among other constituents,
uraniom.

During the spring of 1988, the Depmcnt of Energy’s Environmentﬂ
Survey team collected 20 surface soil s'am;iks‘(which were composited into 5
samples) at the Lower Slobovia ﬁnng sxtz and 3 samples at the Lower Slobovia bumn
pit. Sa.mples were analyzed for uramum, #s well as other constituents (U.S.
Department of Energy, 1989). ‘ |

There have been few acrosdl_itii?éét’igéﬁons of depleted vraninvm. An aircraft
outfitted with a high volume anfiltranon ;sj(Stem and wing mounted cascade
impactor sampler flew through aéfoﬁéfiaﬁ clouds of dynamic test experiments in
1974 (Dahl and Johnson, 1977). The fésu@ts indicated that 10% of the uranium was

contained in the debris cloud (aéroSblizcdj. In another study of air and fallout
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emissions from testing of shaped charges of depleted uranium munitions (Gunderson
and others, 1983), high volume air samplers and fallout samplers placed on the
ground adjacent to the firing pad could not distinguish between uranium from the
detonation of the device of interest and resuspended uranium left over from previous
tests. Other studies reported that uranium was aerosolized but the amount was not
quantified (Elder and others, 1976), and that aerosolized mass following penetrator
detonation in a confined vessel amounts to tenths of a gram quantities from a several
hundreds gram penetrator (Hanson and oﬁicrs,‘ 1974). This compares to 20%
aerosolization of plutonium in the Roller Coaster experiment (Dewart and 6thers.
1982). e

In 1982, EG&G flew an aerial survey of E-F, I-J, and PHERMEX firing sites
to measure the extent of Protactiniuxn-234m (Pa-234m) (Fritzsche, 1986). Pa-234m
is a daughter of uranium-238 aéd'ém be used to infer uranium-238 contamination.
Assuming a vertical distribution into the surface profile, EG&G estimated 4 to 23
Curies of Pa-234m, which implies considerable (order of Curies) uranium-238
activity in the soil. The major concentration of Pa-234m was centered over E-F

firing site.

Inventory Sampling of Surface Soils
 During August 1987, 122 soil samples were collected within Potrillo Canyon
watershed. The purpose of this sampling was to establish levels of uranium

throughout the watershed, especkiﬂéﬁ;iriflgtéﬁdns other than firing pads or within the

watercourse. All samples were collected 1r 'the upper 5 cm of the soil profile and

analyzed for total and isotopic uranium. Sample locations were randomly generated,
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although firing pads were excluded. By chance, there were no samples located
within the stream channel or on the banks.

Values for total uranium arélshown in ﬁg. 3.3. Background levels for total
uranium are 4-5 pg/g. Background samples were collected in non-firing site areas at
the Laboratory and at a second Iocation south of Los Alamos County near Cochiti
Lake. The contour interval for total uramum is 10 pg/g. The major areas of elevated
uranium concentration are assocxated downgradxent from E-F firing site and
PHERMEX. The maximum value measumd was 66 jig/g, although the majority
(84%) of the samples were at or below 5 pg/g. Six samples measured over 10 pg/g,
and 4 out of the 6, or 3.3% of the total, xégistcrcd over 20 pg/g. These highest
uranium values were found adjacent to and in the canyon below E-F firing site,
adjacent to PHERMEX, and near the canyon head to the south of the storage
magazine road at R-Site.

Isotopic uranium levels are shown in Fig 3.4. Using information from the

. qﬁality control samples, if one assumes tbat béékground_ isotopic ratios are 0.0072

+/- 0.0008 at the 95% confidence level, then Samples whose isotopic ratio are below
0.0064 are depleted. With this criterion, 84% of the samples represented natural

‘ . . VI,A |
uranium. Contamination, as dcsigﬁatgd by“djn‘xihished isotopic ratio, was present

mostly below E-F firing site, andbetwcancmc and Meenie firing sites, Fig 3.4.
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and 4 out of the 6, or 3.3% of the total, régistcrcd over 20 pg/g. These highest
uranium values were found adjacent to and in the canyon below E-F firing site,
adjacent to PHERMEX, and near the canyon head to the south of the storage
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mostly below E-F firing site, and béﬁvb’erg Eex;ié and Meenie firing sites, Fig 3.4.
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Fig3.4 Uranium Isotopic Ratio in Surface Soil Samples in Potrillo Canyon Watershed.
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CHAPTER 4
MODES OF URANIUM TRANSPORT

Fallout sampling

Fallout studies were initiated to determme the effect and magnitude of

.' .

anbornc transport on uranium movcme otnllo Canyon watershed. Uranium
becomes airborne during dynamic testmg. as ascertmned by air sampling at a firing
site during a test (Gunderson and othcts, 1983) and has been estimated to comprise
10% of the total uranium used in an individual dynamic test (Dahl and JYohnson,
1977). Redistribution of uranium-contaminated soil at the pad of a former firing site
at heights of 0.5 cm was observed by Hanson and Miera (1978). The following study
was designed to evaluate the magnitude of fallout transport throughout the

watershed, in contrast to the cited cvalua;ioh techniques performed directly on, or

adjacent to, or above the firing pad. & , ,
On September 7 and 10, 1984, 10 fallout buckets were installed in Potrillo
Canyon watershed, and one in the Mortandad Canyon watershed (the background
location). Each bucket was embcdd;d halfway into the ground. Although the bucke;ts
stood ncarly 0.3 m above the ground surfacc, many of the buckets received a small
amount of sediment due to rainsplash 1 up the bucket sides and into the interior. In
addition a number of buckets collected msects, and one bucket trapped and drowned
two ground squirrels. All the buckets rémainéd in place for about 9 months. The
buckets were then removed and submitted for analyses of total uranium and isotopic

ratio.
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Of the 11 samples collected, 7 were located within the watershed valley.
Valley fallout samples were collected below E-F and I-J firing sites, between E-F
and I-J firing site, between I-J and Eenie firing sites, between Eenie and Lower
Slobovia firing sites, below the Lower Slobovia firing site, and nearby State Road 4.
Three samples were collected on mesa tops: one near I-J firing site, another above
the Eenie firing site, and the third bctwcm Mccmc firing site and Moe magazine.
The eleventh sample was locatcd on 2 mssa top in a small watershed which drains
into Mortandad Canyon and was pscd as ﬁ\qbackground sample. Sample locations
are shown in Fig 4.1. None of the fall‘o'u't‘buckcts were located in runoff drainage
channels.

Collected volumes of fallout were smé]l‘ Although the buckets stood out for
9 months, in most instances the bottom 6f the bucket was barely covered with
sediment at the end of the period. - :

Samples were analyzed usmg dclayed neutron activation (DN A). DNA
assumes that all the uranium is natural; that is, U-235/U-238 = 0.0072:0.0008. If a
sample contains depleted uranium, then the DNA result ;nust be adjusted by the ratio
of natural uranium'’s isotopic ratio to the depleted sample’s isotopic ratio. It was
assumed that samples with isotopic ratios less than 0.0065 were depleted. Samples

were adjusted by multiplying the ‘m rie total uranium value by the quotient of the

natural uranium isotopic ratio (0 0072) to the reported isotopic ratio.
. The results are summarized on Table 4.1 and in Fig 4.1. Values of adjusted
total uranium varied from less than 1 to over 7 {1g/g. These values fall into the range

of naturally occurring uranium in the host rock. Eight samples had isotopic ratios
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TABLE 4.1
Fallout Uranium in Potrillo Canyon Watershed
September 7, 1984 to June 24, 1985

(rg/e)
Reported. Isotopic
Total Uranium Ratio
Location o
E-F 52 0.0069
Between E-F and I-J 46 0.0055
1-J 24 0.0064
Eenie 1.1 0.0073
0.5 km from hilltop 56 0.0054
1.1 km from hilltop 1.9 0.0056
Meenie-Moe 0.8 insuff. data
Skunk Works 1.5 0.0043
Lower Slobovia 33 0.0062
SR4 20 - 0.0051
Mortandad Canyon 25 0.0044
‘TABLE 4.2
Uranium in Air Samples*
- pg/m?)

Regional Perimeter
Year Mean Mean
1987 74 o 33
1986 60 , 26
1985 6. . 28
1984 39 i 28
1983 39 o 37
1982 61 44
1981 27 , 47
1980 60 49
Mean 63 = 39
Low 27 26
High 159 - 56

* Data from Environmental Surveillance Group, 1981-1989.

Adjusted
Total Uranium

wob

PNWRONN=NAL
Vi iniae

Onsite
Mean

62
31

32
29
26
52
36

38
26
62

68




69

less than 0.0065, indicating that depleted uranium from weapons testing was present
in fallout or in insects. Uranium prescs;ﬁ m :sx_xyrrounding soils are presumed to have
been deposited either by ovcrlaﬁd ﬂow ’(.vks»héct wash) or through faltout mechanisms.
Possible sources of uranium redistribution in fallout particles are from the
settlement of small particles in plumes created by dynamic tests of weapons
components, and from the resuspension of contaminated soil. Locations of wind
distributed contaminated dusts and particles would be dependent on the local
topography and prevailing wind direction and magnitude. The prevailing wind
direction in the vicinity of Potrillo C;myon watershed is from the south-southwest
(Bowen, 1990). If wind redistribution were éigniﬁcant, then one should expect to see
the valley samplers contaminated by matcrial from PHERMEX, and mesa top
samplers contaminated by Meenie and Minie firing sites. Inspection of the isotopic
ratio data revealed some evidence of ﬂus, but the pattem is not consistent. Total

uranium levels are at or slightly elcva

ve background values of both soil and
dust particulates. Background vaIues of toxal uramum in sediments are about 2-
4 ugfg, as discussed in Chapter 3.0 '

Calculations were made for the ﬁranium loading in air samples collected in
the routine environmental monitoring for the laboratory in order to compare to the
fallout values. Years 1980 through 1988 wcré examined for uranium measured in air
samplers at regional stations in northem New Mexico, at stations at the Laboratory
boundary (perimeter sites), and at onsite ldcations, Table 4.2. The mean of the
annual means for the regional, perimcicr, and onsite locations are 63, 39, and 38 pg

of uranium/m> of air, respectively. The lowest value measured was 26 pg/m3
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at both the perimeter and onsite stations, and the highest was 159 pg/m3 at the
regional station. Using the lowcst and hlghcst annual values and an average
measured particle loading of 25 pig of pamcles/m3 of air (Environmental
Surveillance Group, 1988), the range of uranium content in dust in the air from all
stations from 1980 through 1988 was between 1 and 6 pg of uraninm per g of dust,
which is comparable to soil and fallout values. Therefore, only the fallout sampler on
the mesa top near the I-J firing pad showed ievels of total uranium above local soil
and air sampling values (7.5 ug/g total uramum) These results indicate that air

distribution is not a significant uramum transport mechanism.

Summer Runoff

Cumulative samplers collected summer runoff water from established
locations in the main channel below E-F site, I-J site, Eenie site, at Skunk Works,
and at State Road 4, Fig 4.2. These samplcts were buried in the channel under a dam
of channel-fill material. When runoff bcgan. flow would pond behind the dam. When
the water level rose to the level of thc samplcr inlet tubing, the sampler bottle would
begin to fill. In most instances, the bottle would completely fill before the pressure
of the ponded water and/or height df ﬁﬁc would overtop and erode the dam.
Afterwards, usually the next day, the sé@pl& bottle would be dug out, replaced, and
the runoff sample submitted for radiéchérxﬁcal analyses. At times, the force of the
moving water would be sufficient ,m 'co:mpletely wash out the sampler with the

bottle. When this occurred the sarxip_lcr was lost, and the bottle broken. This scenario
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occurred most frequently at the Skunk‘Worké location and is the reason why there
are less runoff results there.

Each runoff sample was filtered through a 0.45 micron filter; the liquid was
analyzed for dissolved total uranium, and the suspended sediment collected on the
filter analyzed for total uranium and isotopic ratio. Means and standard deviation
were computed for the dissolved and suspended sediment components. Maximum
likelihood estimation (Helsel and Cohn, 19788) permitted inclusion of data less than
detection limits. A log normal distribuﬁbﬁ would be an alternative, appropriate given
the data distribution and avoid negative valucé. Background levels of uranium are in
the 1-2 ppb range dissolved in water and in the 2-4 pg/g range in sediment
particulate phase.

The total uranium dissolved in runoff as a function of time are shown in Figs
4.3 through 4.7.'At E-F site dissolved drantur valucs were uniformly elevated above
background. The total umnium‘mnged from 3.0 to 654 ppb for runoff events from
1983 to 1989, Fig 4.3, with a mean value of 48.2 ppb and a standard deviation of
122.1 ppb. At I-J site, the total uranium dissolved in runoff from 1985 through 1989,
and one value collected in 1990 ranged from below the detection limit of 1 ppb to
194 ppb, Fig 4.4, with a mean of 7.7 ppb and 4 standard deviation of 48.4 ppb.
Dissolved uranium collected at Eenie between 1983 and 1989 ranged £rom 0 to 31
ppb, Fig 4.5, with a mean of 2.2 ppb and a standard deviation of 5.6 ppb. At Skunk
Works, dissolved uranium in runoff was measured from 1984 to 1990. Only 16
samples were collected during that interval even though there were more runoff
events. There were quite a few sambles lost due to the sampler being washed away.

Of those samples collected, the dissolved total uranium ranged from 0.1 to 18 ppb,
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Fig 4.6, with a mean of 1.9 ppb, and a stan d dcvxanon of 5.6. Dissolved uranium
in runoff at State Road 4 was mcasurcd bctwccn 1983 and 1990; the range was 0-72
ppb, Fig 4.7; with a mean of -0.9 ppb and a standard deviation of 17.5. A mean
below zero was possible because 1) data below the detection limits were included in
the calculations and 2) the maximum likelihbod technique used to calculate the
means assumes a normal distribution ébout a central value, which could be negative.
Values for total uranium in the suspended sediment carried in the runoff
followed similar trends to uranium m thc dlssolvcd phase, Fig 4.8 through 4.17. At
E-F site, the total uranium in suspendcd scdxmcnts ranged from 2.61 to 404.9 ptg/g,
Fig 4.8, with a mean of 137.6 ug/g and a s@da:d deviation of 90.5 p1g/g. The
isotopic ratios associated with these samplcs ranged from 0.0019 t0 0.0057, Fig 4.9,

indicating all samples were dcplctzd.

- At I-J site, total uranium in suspe

99.3 pg/g, Fig 4.10, with a mean

éédiznent in runoff ranged from 5.5 to
and a standard deviation of 26.2 ug/g.
The isotopic ratios associated wnh ’Ihese ranged from 0. 0023 to 0.0064, Fig 4.11,
md1canng that nearly all samples comamed depletcd uranium. The sample with the
isotopic ratio of 0.0064 had an accompanymg total uranium value of 22 ug/g,
indicative of uranium contammauon. o e

Suspended sediments at Eeme éontamcd total uranium ranging from 1.3 to
609 pg/g, Fig 4.12, with amean of 15.1 ug]g and a standard deviation of 11.7 pg/e.
The corresponding isotopic ratios varied from 0.0018 to 0.0076, Fig 4.13, although
the 0.0076 was associated with a‘total uranium value of 28.8 pg/g, which is above

background.
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The total uranium in suspended sediments collected at Skunk Works ranged
from 1.1 t0 20.3 pg/g, Fig 4.14, with a mean of 8.01 pg/g and a standard deviation of
5.9 pg/g. The isotopic ratio of these sediments ranged from 0.0026 to 0.0070, Fig
4.15. Through inspection of both the isotopic ratio and total uranium only 2 of the 15
samples could be considered within background values.

At State Road 4, total uranium in sﬁspcndcd sediments ranged from 0.5 to
114.4 pgfg, Fig 4.16, with a mean of 7.5 ﬁg/g and a standard deviation of 22.3 ug/g.
The isotopic ratio varied from 0.00’1‘9‘ '(z;sso(:iatcd with 114.4 pg/g) to 0.0079, Fig
4.17.Only 3 'samplcs of the 25 measured had isotopic ratios indicative of depleted
uranium. -

A number of conclusions can bé drawh from these data. First, the large
standard deviations for all data indicates the wide range in observed concentrations.
Because there are no flow data associated with these concentrations available, it is
not possible to separate out the flow magnitude effect on the uranium concentrations.
Second, there is evidence of a decline in concentration with distance downstream
from the top of the watershed, bo;h in the V;lissolved and suspended sediment phases.
Sizeable infiltration losses along the channel(esumated to be nearly 60 % of the
hydrograph, discussed in Chapter 2, Crest Stage Monitoring, Hyetographs and
Hydrographs) permits flow loss and rcsults }ﬁ'dcposiﬁon and storage of uranium in
the fluvial deposits. Dilution by background sediment load and runoff also occurs
along the watershed length; it is not posSiblé to separate out these two effects.

All results were examined for trends with time using a non-parametric test of

correlation, Kendall's Tau and a test of signiﬁcance z. This technique



SUSPENDED SEDIMENT AT SKUNK WORKS
1 ] Ll 1 L

25
20} . . A
s
a .
L5} ~
2
210} -
o . ' * .
| . . . - .-' |

P
0 A 1 H i) b A
0 500 1000 1500 - ZOOQ 2500 3000

DAYS FROM 12/31/82

Fig 4.14 Total Uranium in Suspended Sediment in Rixnoff at Skhnk Works Cumulative Sampler Site.

98




ISOTOPIC RATIO AT SKUNK WORKS
T T T

T 1

"
»

65 | % -
55 , S s . -

45 | : ‘»' -

1SOTOPIC RATIO X 10,000

25 f ' ; N

56 500 1060 1500° 7000 7500 3000
DAYS FROM 12/31/82

Fig 4.15 Isotopic Ratio of Suspended Sediment in Runoff at Skunk Works Cumulative Sampler Site.

L3



SUSPENDED SEDIMENT AT SR4

120 ¥ T R T T

100

60 F

40 b

TOTAL U (PPM)

20

-» =1 l'g 2 1!, ‘.1

0 500 ©o1000 1500 2000 2500
DAYS FROM 12/31/82

Fig 4.16 Total Uranium in Suspended Sediment in Runoff at State Road 4 Cumulative Sampler Site.

-
3000

88




~
W
2
s

o o
[ )
? Y

N (7]
(2] wm
A L

ISOTOPIC RATIO X 10,000
~
o

-
[5.]
o

500 2500

Fig 4.17 Isotopic Ratio of Suspended Sediment in Runoff at State Road 4 Cumulative Sampler Site.

3000

68




90

has been used to examine water quality data for trend analyses (Hirsch and others, |
1982). Kendall's Tau was computed for each set; the criteria for significance of a
trend was that the probability for the trend beiﬁg due to randomness was less than 10
percent. |

Cases in which trends were observed were: uranium in sediment from E-F
cumulative sampler; uranium in water from E-F cumulative sampler; uranium in
water from I-J cumulative sampler; thmsotopxc ratio associated with the sediment
from I-J cumulative sampler; and thcxsotopxc ratio associated with the sediment at
the Eenie site. ’ ;

Uranium in suspended sediment at thc E-F cumulative sampler is shown in
Fig 4.8. There appeared to be a trend of increase in uranium with increasing time,
with 4 chances in 100 that the observed tau is due to randomness.

Uranium in water at the E-F cymﬁlgtiyc sampler is shown in Fig 4.3. There
was a 7.5 percent chance that thc, obs_c;‘va_cji’ tau’valuc is due to randomness. The tau
value was negative, implying that there is‘a geheral decline in uranium concentration
in water with time at this site. v

Uranium in water at the I3 cumulative sampler is shown in Fig 4.4, There
was less than 1 percent chance that thé,observéd tau was due to randomness. The tau

value was negative, implying thvatgtjcrp 1s g.dccline in uranjum concentration with

time.
Isotopic ratio of uranium in suspended sediment at I-J site is shown in Fig
4.11. There is a 1 percent chance that the observed tau was due to randomness and

the tau value was positive, implying that the isotopic ratio at this site has been

increasing in time.



The isotopic ratio of uranium in suspended sediment at Eenie site is shown in
Fig 4.13. There was a 1.7 perccnt chance that the observed tau is due to randomness.
The tau was negative, implying thc xso:opu: rauo at Eenie site is declining.

In summary, it appears that the concentrauon of uranium in sediment at E-F
site is increasing with time, that the uranium concentration in runoff water is
declining with tizne at the cumnulative samplcrs at E-F site and I-J site, that the
isotopic ratio of suspended scdixﬁcnts at I-J site is increasing, and that the isotopic
ratio of suspended sediments at Eenie site is declining. This suggests that there may
be a trend in long-term movement of contaminants away from E-F and I-J
cumulative sampler sites toward the vEcnie cumulative sampler site, which is
interpreted to mean surface water mspon and fluvial deposition are actively

modifying the spatial distribution of urénium in the watershed.

Uranium Transport in Snowmelt L et

Snowmelt samples were collcctcd in the spring of 1985, 1986 and 1987 to
study uranium transport by snowmclt. Snowmelt discharge in general tends to be
small with a water depth of less than 1 cm m thc channel. During years of light
snowpack or when snowfall occurs pmnanlym the spring months, there may be no
snowmelt runoff in the chr:mm:Lj This was the case during 1989 and 1990. The reason
for light to no runoff is that the snow sublimates or melts and infiltrates or
evaporates before reaching the channel, or melis and reaches the channel but

infiltrates into the channel without crcadng‘continuous streamflow. Snowmelt was

collected in the main channel below E-F sne, below I-J site, near Eenie site, at Skunk

‘Works, and at State Road 4, Fig 4. 18. Samplcs of running water were collected and
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analyzed for total uranium in the dissolved fraction and for total uranium and
isotopic ratio of the suspended s@dimcnt,' Tables 4.3 and 4.4.

Results from analyses of the dissolved éomponcnt showed high levels of
dissolved uranium at the E-F and I-J locations in all cases. Concentrations of
dissolved uranium were lower by aboutanordcr of magnitude at the Eenie location,
(mostly 3-6 ppb), but still above bﬁckgioﬁﬁd':levels of about 1 ppb. Dissolved
uranium levels were elevated at Skunk W(;rks,judﬂl 1.5 and 5 ppb measured. At
State Road 4, the dissolved sranium concentrations were at background levels.

Results from the uranium associated with the suspended sediment component
followed a similar pattern. Total uranium in sediment values at the E-F location were
85 and 119 pg/g, which were of the same magmtude as suspended sediment
transported during summer runoff events. The isotopic ratio of 0.0067 and 0.0066 for
these samples may indicate natural manium as the source of contamination. The total
uranium content dropped to 28 pg/g at the I location, and contained depleted
uraniam, with an isotopic ratio of 0.0052. Samples collected at Eenie were mostly
within background values although thcre ivas one sample of 133 pg/g and another at

36 pug/g. In quite a few i mstances. total ummum values were not available due to

analytical chemistry difficulties a.nd am desxgnatcd NA in Table 4.4. However, the
isotopic ratios of all Eenie samplcs ra.nged from 0.0022 to 0.0064, indicating the
presence of depleted uranium. Results from two samples collected at Skunk Works

indicated low total uranium levels, with depleted uranium present (isotopic ratios of

0.0020 and 0.0045).
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TABLE 43

DISSOLVED URANIUM IN SNOWMELT

~ (ppb)
Date

Total Uranium

Below E-F Site

Below I-J Site
Below Eenie Site

Skunk Works
State Road 4

5-3-85
5-29.87
5-29-87
3-5-85
3-13-85
3.18-85
3.27-85
4-1-85
4-10-85
41685
42285
5285
5-6-85
3-25-86
4-4-36
.. 5-29-87
5.29-87
32885,
75.3-85
i 41-88
. 5985
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5-9-85

B

* Ponded

TABLE 4.4
URANIUM IN SUSPENDED SEDIMENTS IN SNOWMELT
(ug/g)

' Total Isotopic
Location Date Uranium Ratio
Below E-F Site 5-3-85 85.1 0.0067
5-29-87 118.7 0.0066
Below I-J Site 5-29-87 282 0.0052
Below Eenie Site 3-13-88° 2.60 0.0044
3-13-8% 4.03 0.0027
4-1-88 NA 0.0037
4-10-85 NA 0.0050
4-16-88 NA 0.0022
4-22-85 NA 0.0056
5-2-85 NA 0.0025
5-6-85 NA 0.0055
3-25-86 <1.0 0.0022

4-4-86 22, 0.0064_
5-29-87 1329 0.0026
5-29-87 35.7 0.0025
Skunk Works 3-28-85 1.76 0.0045
5-3-85 NA 0.0020
.State Road 4 4-1-85 NA 0.0053
NA 0.0069
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*’*samplcs were collectcd during thc months of March and Apnl and part of May,

1985. Due to analytical chemistry problems, only a complete history of the dissolved
uranium and the isotopic ratios are availablc. Examining the dissolved phase. there
was a discernable rise in the dxssolved uramum concentration at Eenie as the
snowmelt season progressed. The conccnmmon at the beginning of March was 3.6
ppb. This level continued through to the end of March, and rose to 3.9 ppb at the end
of March and beginning of April. V'Ihc'coxiéém‘mtion fell to 3.2 ppb at the beginning
of the second week in April and thcn TOSe td ’6 5 ppb by the middie of April. There

was fluctuation in the concentrauo 4 5 and 6.2 ppb until the end of
collection on May 6. Unformnatcly, therc isno toml uramum in sedxments data to
compare this observed trend in thc dxssolved phase.

A number of possibilities may cxplam thc observed rise. It could be due to
the length of time of runoff duration which permmed increased uraninm leaching
into the snowpack from contaminatcd‘s'oil and sediment particles. There could be an
apparent increase in the uranium conccnuaﬁdn:due to concentrating effects in the
declining volume of snowmelt as the sca.éon progressed. Or, the rise could be due to
the delayed effect of snowmelt ﬂushin’é tﬁroﬁgh the contaminated surface layer by
infilration creating an interflow whiéh{‘rééghedpthc channel later than overland flow

from direct snowmelt.
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Leaching Investigations

Leaching investigations were conducted on a channel sediment sample
collected in the main channel below the I-J firing site in 1990, Fig 4.19. The purpose
of this investigation was 1o examine rates of uranium leaching from contaminated
sediments by rainwater. In partmular Ieachmg rates from individual particle sizes
sample split was made; one-half of the sample was sieved into 8 particle fractions.
These fraction were pebbles (#4 su;vc), g;janules (#10 sieve), coarse sand
(#20 sieve), medium sand (#40 ;icve), mcdiumeto-ﬁne sand (#60 sieve), fine sand
(#100 sieve), very fine sand (#200 sieve), and the pan fraction, which represented silt
and clay. Each fraction was washed io remove silt and clay adhering to larger
particles. Water and suspended sediments from the washing water were collected
and analyzcd. The washing water fxéd a dissolved uranium concentration of 2.1 ppb,
while the suspended sediment had a uranium concentration of 6.1 pg/g and an
isotopic ratio of 0.0048. oo

For the leaching study deionized water was adjusted to a pH of 4.65 to 4.75
to simulate the pH of natural rainwater measured in the Los Alamos area. Ten grams

of sample in each particle size wasmmedwuh 1200 m! of the pH-adjusted water and

then placed in a rotating horizontal tmxchhcrc was insufficient sample in the

pebble and pan fractions to make up 10 ‘g samples; 6.3 g and 8.5 g samples,
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collected and immediately drawn Lhron gh a 0 45 micron filter in order to separate the
sediment and halt the dissolution reacnon. Thc filtered water was then submitted for
total uranium analyses. There were insufﬁcient volumes for isotopic ratio analyses.

The results for the leachin g cxpeﬁrhént are graphed in Figs 4.20 through
4.28. The limits of detection were 1 ppb. Data points of zero were used to designate
results that were below the limits of detccﬁdn: 'I‘hc level of unccrtamtyfor all

samples was +/- 1 ppb.

Fig 4.20 shows the results for thc undxffcmnnated samplc. The initial
concéntraﬁon of the sample was 1.89 ug/g of soil and the isotopic ratio was 0.0060,

indicaﬁng the presence of depleted’méiﬁdm; The dissolved uranium concentration

was 3 ppb after the first hour. The concemrauon then dropped to 1 ppb rose to 2 ppb
after 8 hours, and attained steady-sta 1 ppbafter 24 hr.

Fig 4.21 shows the results for thcfvpcbblc size fraction. The initial
concentration of the sediment was 5 82 pg/g soil and the i isotopic rato was 0.0058,
indicating the presence of depletcd uranium. The dissolved uranium concentration

after 1 hour was 3 ppb, dropped to 2 ppb at 2 hour and 4 hours, rose to 3 ppb at

7
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8 hours, and then achieved a steady-state of about 1 ppb at 48 hours.

Fig 4.22 shows the results for the granulc fraction. The initial concentration
of the sediment was 3.92 ug/g of soal and thc xsotopxc ratio was 0.0061, mdxcatmg
the presence of depleted uranium., 'I'hc dlssolved uranium concentration was 4 ppb
after 1 hour, dropped to 2 ppb undil 4_8hours, and then dropped to a steady state
value of 1 ppb, assumed to be steady;stateﬁ;

Fig 4.23 shows the results for the coarse sand fraction. The initial
concentration of the sediment was 1.83 pg/g of soil, and the isotopic ratio was
0.0060, indicating the presence of depleted uranium. The dissolved uraniom
concgntration was 2 ppb after 1 hour, dropped to 1 ppb after 2 and 4 hours, rose to 2
ppb after 8 hours, dropped to 1 ppb after 24 hours, rose to 2 ppb after 48 and 96
hours, and then dropped to 1 ppb ‘after 192 hours, and then dropped below the
detection limits. It appears that steady-state was not achieved until 192 hours.

Fig 4.24 shows the results for thc iﬁcdiﬁm sand fraction. The initial

;0

concentration was 3.1 pg/g of soxl and the 1sotopxc ratio was 0.0057, mdxcatmg the

presence of depleted uranivm. Th uranium concentration rose slowly

from 1 to 2 to 3 ppb after 48 houfs' then” owly declined to 1 ppb after 192 hours. At
216 hours, the level of dissolved uranium d.roppcd below the detection lirnits.

Fig 4.25 shows the results for the medinm-to-fine sand fraction. The initial
concentration was 17.6 pg/g of soil,'énd the isotopic ratio was 0.0055, indicating the

presence of depleted uranium. The dissolved uranium concentration was 3 ppb after
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1 hour, fell to 2 ppb after 2 hour, then rose to S ppb for 48 and 96 hours, then fell to
2 ppb after 192 hours, and then 1 ppb after 216 hours.

Fig 4.26 shows the resuits for the fine sand fraction. The initial concentration
was 4.05 pg/g of soil and the isotopic ratio was 0.0049, indicating the presence of
depleted uranjum. The dissolved uranium concentration was 2 ppb for 1 and 2 hours,
- fell to 1 ppb after 4 hours, rose to 3 ppb afier 8 hours, fell to 2 ppb after 24 hours,
rose to 3 ppb after 48 hours, and then Siowly fell to 1 ppb after 192 hours, which was
assumed to be steady-state. | ‘ |

Fig 4.27 shows the resuits from the very fine sand fraction. The initial

concentration was 10.2 pg/g of s:ﬁl. and the isotopic ratio was (.0053, indicating the

presence of depleted uranium. Thc dlssolvcd uranium concentration was 3 ppb after
1 and 2 hours, rose to S ppb after 8 hours. slowly dropped to 3 ppb at 96 hours and
finally to a steady-state of 1 ppb after 192 hours.

Fig 4.28 shows the results from the silt and clay fraction (pan). The initial
concentration was 18.5 pg/g of soil, and the isotopic ratio was 0.0047, indicéting the
presence of depleted uranium. The dissolved uranium concentration was 3 ppb after
1 hour, dropped 10 2 ppb at 2 and 4 hours, rose to 4 ppb at 8 hours, and then slowly
dropped to 2 ppb at 192 hr, me‘éssixxﬁéd iteady-state level.

Although the levels of dirssolvc& ii#ax‘xiixm were not highly elevated, a number
of conclusions can be drawn. Depl‘eted’uranium was present. In general, more
uranium leached into solution from samples with elevated initial concentrations. At
_ the beginning of the leaching siudy, thickvé‘oiuﬁon is assumed to be undersaturated
with respect to uranium, Uraruum wzll lcach from the particulates (solid phase) to the

dissolved phase until an ethbnum between the two phases is reached. When this
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steady-state condition is reached no fuﬁﬁer change in the uranium concentration with
time is expected. Decline in uranium concentration after steady-state is achieved can
be attributed to other effects, e.g. blologlcuptake In this study, the smaller particle
size fractions had the highest, initial total wranium concentrations, and
correspondingly, the highest dissolvcd ura:ﬁum in solution. The Jargest initial

sediment concentration was 18.5 pg/g and the highest dissolved uranium

concentrations was S ppb in the mé& tofme and very fine particle fractons.
Smaller particle sizes, in general, havc hlghér initial concentrations than larger
particles, and can therefore dxssolve more uranium.

Second, most of the uranium n dissolution occurred within the first four days of
mixing, and much occurred during the first 24 hours. The samples were highly
diluted, with 10 g of sediment in 1.2 L of water, and therefore this effect is subde.
These two effects can be seen more dramancally in leaching resuits from a clayey
soil collected inside a dynamic tcstmg areaat Eglin Air Force Base in Florida, Fig
429, This soil, which was not subdiviaéd iﬁto individual particle sizes, registered an
initial total uranium concentration of 451 pg/g. Within the second hour of the
leaching experiment, the dissolved uranium concentration rose to over 3000 ppb and
remained at that level for 4 days (Becke.rand Vanta, in preparation). The larger
initial concentrations in the soil resulted m Tlarget concentrations in the dissolved
phases at steady-state compared to sampléskhaving lower initial uranium
concentrations. |

Third, steady-state was achieved in the I-J channel sediments after 4 days in

most instances and by 8 to 9 days in all instances. The implication is that given a
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sufficient supply of uranium in a soil, infiltrating water from precipitation can
dissolve the uranium and mobilize it for surface or subsurface transport. In an area of
elevated uranium in a soil, elevated levels of uranium moving in the dissolved phase

towards the water table would be expected.

Grainsize Distribution Studies

Grainsize distributions were performed on firing site samples randomly
collected at Minie firing site, I-J firing site, and at the Sled Track at Lower Slobovia,
Fig 4.30. The purpose of this sampling Qas to define the level of total uraniuvm in
individual particle sizes in order to charactcﬁzc the source term, Each sample was
sieved through a nest of 7 screens. Thé screen sizes in mm were 8, 2, 0.84, 0.42,
0.25, 0.149, and 0.074, comspondingv _to’scn‘:cn numbers 4, 10, 20, 40, 60, 100, and
200. The grain descriptions corrcsp&xdiﬁé to"_tvhesc screens are pebbles, coarse
sand/granule, coarse sand, medium sand, mﬁ:dium fine sand, fine sand, and very fine
sand, respectively. Material which passcd the #200 screen was collected in a éan
(referred to as Pan).

Each fraction was weighed bcfbrc analyzing for total uranium and isotopic
ratio. Sieves #4 and 10 were grouped together under the category “gravel", sieves
#20, 40, 60, 100, and 200 were grouped under the category "sand", and the Pan
fraction was called “silt/clay”. The percent of each fraction at firing sites is shown in
Fig 4.31. The majority of material at eééh firing site fraction is sand, comprising
between 70 and 80 percent of each sample Gravel makes up between 18 and 20

percent, and the silt/clay fraction, less than 10 percent.
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Each sieve fraction was individually analyzed for total uraniumx and isotopic
ratio, Table 4.5. Natural uranium has a background cqncentration level of about 2-4
pg/g. Depleted uranium has an isotopic ratio of 0.0020, based upon the isotopic
composition of the firing site sands. A sample wholly composed of depleted uranium
will have an isotopic ratio of 0.0020, whereas a sample which contains a mix of
depleted uranium and natural uranium w111 have an isotopic ratio between 0.0020
and about 0.0064. Although natnfé_l uiaxiihtn's isotopic ratio is 0.0072, the range of
values between 0.0064 and 0.0086‘ was used 1o define natural uranium to include the
analytic range of uncertainty. Sémplcs whose isotopic ratio is above 0.0080 are
considered to contain enriched uranium. All firing site samples in sieves sizes #10
and greater contain significant levels of depleted uranium. The pebble size (#4 sieve)
at Minie Site and the Sled Track at Lower Slobovia are composed of a mix of
depleted and natural uranium or entirely natural uranium, respectively. The natural
uranium in these samples is probably due to the firing site sands being bought from a |
local sand-and-gravel operation, which contams indigenous natural uranium.

Total uranium values ranged from a low of about 7 j1g/g to a high of 2000
pg/g. All samples were elevated above the natural background levels of 2-4 pg/g.
The lowest values are in the pebble, gr'axiulc. and coarse sand fraction, and range
from 7 up to 632 ug/g. Levels of total uféﬁium in the medium to very fine sand
fraction ranged from 206 to 806 pg/g.’thal uranium values in the pan, or silt and
clay ranged from 912 to 2000 pgfg. -

There are several general trends in these data. One uend is that there is an

increase in total uranium with decrease in particle size. This could be biased in



- TABLE 4.5
GRAINSIZE DISTRIBUTION OF TOTAL URANIUM AND ISOTOPIC RATIOS
AT FIRING SITES DURING 1988

Total Uranium

(1e/8)
Sieve . -
Size #4 #10 #20 #40 #60 #100 #200 PAN
Minie 19.7 112 340 429 - 392 329 806 2000
1] 323 209 28.9 206 .. - 268 336 676 1600
Sled Track 6.8 82 632 gy 3 301 109 589 912
Isotdbic kaiio‘
Minie 0.0050 0.0026  0.0020 " 0.002t - 0.0019 0.0022 0.0020 0.0020
1-J 0.0023 00023  0.0023 00022 00022 0.0022 0.0022 0.0022

Sled Track 00068 00024 00024 00020 00019 00020 00020  0.0021

L1t
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part to the nature of firing site operations. During a shot, a component containing a
mass of depleted uranium is explosively detonated on top a wooden structure. After
the shot, there is an attempt to clean off the largest visible pieces of depleted
uranium, removing the larger particles although there still may be some chunks left
on the pad. Because of the explosive nature, one might expect all sizes of uranium
particles to be present. Uranium is present in all particle sizes at the firing pad;
however, the largest uranium concentration is in the silt and clay fraction, even
though the silt and clay fraction represenvts‘ the smallest weight fraction. Decreased
particle size results in large surface are:as, presenting a large number of sites for
surface adsorption. There also may be greater ion exchange capacity. Both factors
could explain a preferential association with small particle sizes. Uranium
concentration may be viewed as prescnt in three populations; pebble and
granule/coarse sand having total uranium in the tens of pg/g, medium and fine sand
having total uranium in the hundred's of ug/g; and the silt and clay having a total
uranium concentration in the m§usand$ of ug/g range. |

A second trend is that in general, there is little difference in total uranium
concentration between firing sites. The only difference between firing pads is that
there is slightly less uranium at the Sled Track. This is not surprising since the Sled
Track began firing depleted uranium in C‘)c‘:tobér 1987, whereas I-J and Minie sites
have been firing since the 1950’s. The difference in total uranium concentration
between the Sled Track and the othei tW()»SitﬁS does not appear to be significant.

Total uranium and isotopic ratio analyses were performed on grainsize
distributions of sediments collected in the Potrillo Canyon watershed channel at 8

locations and on the banks at 6 locations, Fig 4.30. The locations termed headcutting
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and headcutting+60 refer to two positions downstream from the discharge sink and
the Lower Slobovia bunker where the channel resumes an active channel appearance
with a distinct bed and banks. The purpose of the sampling at those locations was to
assess the magnitude of movement of sediment out of the discharge sink. The
grainsize groupings for gravel, sand, and silt/clay fractions were the same as those
described for the firing site samples and are shown in Fig 4.32. The percent gravel in
the channel samples varied from about 6.5 to 25.7 percent. The largest percent gravel
(25.7 %) was at the E-F location, at the top of the watershed, while the smallest
percent (6.5 %) was at the Skunk Works location. A similar value of 6.8 percent
gravel was present at the State Road 4 location. The percent sand in channel samples
varied from a high of 87.9 percent at Skunk Works to a low value of 55.6 percent at
the E-F location. A similar value df ﬁ7;éiijér¢cnt sand was present at the State Road
4 location. The percent silt/clay in"chaﬁhéi sediments varied from a high value 6f
19.0 percent at the headcutting ldcadon:démsueam from Lower Slobovia to a low
of 4.22 percent at Eenie site, , |

The variation of the percentage of siit-»and clay-sized particles with
increasing distance downstream from the top of the watershed is shown in Fig 4.33.
The percent of silt and clay decreases in ihe downstream direction; then increases
slightly, and then dramatically increases foliowed by subsequent decrease. The high
percent of silt and clay near the top of the watershed can be explained by
sedimentation theory of textural maturity. Immature sediments contain amounts of

silts and clays over 5 percent because streamflow velocities are weak or
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deposition is very rapid (Folk, 1968). As velocities increase, wimiowing and particle
sorting occur, and the percent of silt and clay decreases to under 5 percent, termed
the submature and mature phases of textural maturity. The bimodality of clay content
along the length of the watershed echaes the watershed flow dynamics. Clay content
is relatively large near the top of the watershed, where a small contributing runoff
area results in relatively low flows and velocities. The canyon there is narrow, and
the channel cuts through talus; some of the clay measured could be mass wasting
products. Clay content decreases i in thc: downstream direction as the contributing
area to runoff increases and the dlscharge and velocity increase. The silt/clay content
increases to 8 percent at 5300 meters at the upstrcam end of the discharge sink. Silt
and clay settle in the discharge sink along with the remaining sediment that is carried
in suspension and as bed load. A rapid increase of silt/clay content to 19 percent at
6600 meters marks the surface flow discontinuity in this watershed. At 6600 m, at
the end of the discharge sink chaﬁncﬁzcd flow resumes (a second watershed within a
watershed). The majority of the time there is no surface flow through the discharge
sink, At the downstream end there is some headéu_tting which supplies sediment to
the channel. Below the discharge sink, the silt/clay content decreases, until at State
Road 4 (nearly 26,000 meters from the tbp of the watershed) the clay content is just
over 5 percent. Here the textural maturity of the watershed could be described as
nearly submature. o

Total uranium and isotopic ranos \a}gxe perfonn.ed on channel sediments;
results are given in Table 4.6. At E»Fsztc. total uranium values of pebble, granule

and coarse sand fractions do not exceed background concentrations. The medium
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TABLE 4.6

GRAINSIZE DISTRIBUTION OF TOTAL URANIUM AND ISOTOPIC RATIOS

OF CHANNEL AND BANK SEDIMENTS IN POTRILLO CANYON DURING 1988

Total Uranium
(ng/p)
IN THE CHANNEL .
Sieve .
Size #4 #10 #20 - #40 #60 #100 #200 PAN
E-F 1.3 28 1.2 23 56 9.0 6.7 183
1-J 23 4.6 1.9 20 142 328 14.1 53.7
Eenie 2.1 0.9 1.5 16 24 37 16.3 204
Skunk Wks 1.0 1.9 0.6 13 1.8 4.8 49 17.1
Dchge Sk 664 1.6 0.7 13 23 174 8.5 15.1
Headcut 24 3.0 0.9 1.6 29 39 54 92
Headcut+60 34 36 1.1 33 g 4.7 48 6.6
SR4 3.6 32 0.5 1.5 22 23 24 3l
.- Isotopic Ratio
E-F 0.0076 0.0060 0.0069 0.0060 0.0060 0.0053 0.0060 0.0074
I-J 0.0067 0.0067 0.0059 0.0055 0.0053 0.0065 0.0054 0.0052
Eenie 0.0068 0.0069 0.0073 00070  0.0077 0.0066 0.0070 0.0065
Skunk Wks  0.0070 0.0071 0.0075 0.0058 = 0.0061 0.0058 0.0051 0.0051
Dchge Sk 0.0038 0.0050 0.0069 0.0071 0.0074 0.0071 0.0056 0.0065
Headcut 0.0074 (.0078 0.0078 0.0071 0.0078 0.0077 - 0.0067 0.0041
Headcut+60  0.0076 0.0077 0.0075 0.0078 0.0075 0.0070 0.0070 0.0073
SR4 0.0068 0.0064 00077 0.0073 0.0079 0.0072 0.0053

00063

1 XAl

D e et




TABLE 4.6
{con’t)
. Total Uranium
(hg/e)

ON THE BANKS o

Sieve .

Size #4 #10 #20 #490 #60 #100 #200 PAN
EF 34 46 16 48 16.4 127 21.1 23.0
1-] 38 31 24 is- 4.8 88 49 10.8
Eenie 11 7.1 22.8 18.2 283 330 278 71.6
Skunk Wks 22 1.9 0.7 09 22 2.6 2.0 33
Dchge Sk 55 2.7 5.0 7.8 7.5 90 1.5 18.4
SR4 2.8 29 15 22 3.1 34 2.9 27

Isotopic Ratio

E-F 0.0037 0.0045 0.0053 0.0042 0.0057 0.0049 0.0040 0.0048
I-] 0.0067 0.0078 0.0068 0.0062 0.0066 0.0068 0.0068 0.0064
Eenie 0.0074 0.0067 0.0049 0.0056 -  0.0057 0.0060 0.0049 0.0035
Skunk Wks  0.0058 0.0072 0.0077 0.0079 0.0061 0.0064 0.0067 0.0070
Dchge Sk 0.0059 0.0072 0.0057 0.0053 . (.0050 0.0047 0.0049 0.0040
SR4 0.0077 0.0075 0.0075 - 0.0068 0.0076 0.0075 0.0069 0.0073

vl



to fine sand size fracton does exceed background concentrations; concentrations
increase with decreasing size fraction. The isotopic ratios indicate that all fractions
except the pebble and pan contained depleted uranium. The isotopic ratio in the
pebble and pan fractions indicates that the uranium in the sample is natural. The
elevated total uranium value of 18.3 ug/g in the pan could be from remnants of
dynamic testing with natural uranium during the late 1940’s and early 1950’s.

At the I-J location, chanﬁcl fxacﬁoﬁs ranging from pebbles to medium sand
were at background levels of total uranium, although the isotopic ratio of the coarse
and medium sand indicated the presence of depleted uranium. Channel fractions
smaller than medium sand were all glei;atcd abo_ve background levels of total
uranium, and the isotopic ratios were all below 0.0065 (depleted wraniumy). The
highest concentration of 53.7 pg/g tétallyuranium was in the pan (silt and clay)
sample.

Channel samples at the Eenie Idéaxion were at background levels of total
uranium in the pebble through fine sand fraction. The corresponding isotopic ratios

of these samples showed that the uranium in these samples was natural. Fractions of

125

very fine sand and silt and clay (pan) were elevated in total uranium; the pan fraction

may contain depleted uranium (iSotopic ratio was 0.0065).

At Skunk Works, total ufanium in channel samples in the fractions from
pebble through fine sand were at backéibﬁﬁd levels; total uranium levels of the fine
and very fine sand may be above background. The pan fraction was above
background levels at 17.1 pg/g. Isotopic ratios of these samples indicated depleted

uranium in all samples except the pebblc, grarle, and coarse sand fractions.




126

In the discharge sink, depleted uranium was evident in the pebble, granule,
and very fine sand fractions, and the pan for the channel samples. Elevated uranium
values were present in the pebble, fine and v:trj fine sand fractions, and in the pan.

Downstream of the discha_rge sink, at‘the headcutting location, elevated
levels of total uranium in the channel samples were present only in the pan fraction.
Isotopic ratios followed the same trénd, all samples contained natural uranium
except for the pan, which comainebd dcplétcd Mium

At the headcutting+60, about 20 meters downstream, the sample results were
similar to the headcutting sample. The only incidence of elevated total uranium
levels was in the pan fraction. The isotopic ratio of all samples was within the range
of natural uranivm. i -’ |

At State Road 4 2ll channel samplcswcrc within background total uranium
levels. The isotopic ratio of the pah i’iﬁéﬁoﬂ was 0.0053, indicating the only presence
of dcplcted uranium at this location.

Bank samples from the E-F, 1-J, Eenie, Skunk Works, discharge sink and
State Road 4 locations were divided in grainsize fractions and analyzed for total
uranium and isotopic ratio, Fig 4.34 and Table‘_‘4.6. The percent gravel in the bank
samples varied from 9.7 pcrceni at E-F éité and at Skunk Works to 13.9 percent at I.J
site, The percent sand present véried from 63.6 percent at Eenie to 74.8 percent at
Skunk Works. The percent silt and clay varied from 15.5 percent at Skunk Works

and State Road 4 to 23.4 percent at E-F site. Notice the smaller variations between




BANK SAMPLES

E~F

{=J

Eonie

Skunk Works
Discharge Sink
State Road 4

borutde

,on

Y%

roeeHeosunnay
P

Pes
AN ~

32,
N

» ,
Qg 3
u* !./ < ."

~ --/-y; -

s N

""p\ N
£
L3 A .

B
Siit and clay

Fig 4.34. Grainsize Distribution of Bank Samples.

127




128

locations for the bank samples compared to the channel samples.

At E-F site, the fractions from pebble through medium sand were within or
slightly elevated above background levels of total uranium . Fractions smaller than
medium sand were consistently elevated above background, with the highest value in
the pan fraction. The isotopic ratio indicated depleted uranivm in all fractions. Bank
samples at the I-J location showed elevated tdtal uranium in the fine sand fraction,
and the pan. Isotopic ratio maly§e$ indicated the presence of depleted uranium in the
medium sand fraction and the pah. |

At Eenie location, all ban_k samples were elevated in total uranium levels.
The isotopic ratio of these samples showed depleted uranium in the coarse sand
through the pan fraction. o | 7 |

All bank samples at Skunk Wdricsf wem within background concentrations for
total uranium. The isotopic ratios showed the presence of depleted uranium in the
pebble, and the medium to fine s?md fractions; In the discharge sink, all bank
samples except the granules displayed elevated total uranjum conccnu'ations,-and
had isotopic ratios indicative of depleted uranium,

Bank samples at State Réad 4 contain‘e;dS total uranium levels within
background concentration values. Thc isbabpic ratios of these samples were all
within the range of natural uranium values.

A number of comments can be made from these data. Regarding the channel
samples, all the pan samples were conﬁaminated, and with a few exceptions, the pan
had the highest levels of total urénium cencentration of all fractions. There was, with
one exception, a preference for great;:r: uranium concentrations with small particle

size, especially sizes smaller than medium to0 £ne sand. Another observation is that
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the isotopic ratio can be useful for identifying samples which contain depleted
uranium contamination, but whose total uranium levels fall within the range of
background values. Because natural uranium has also been used in weapons testing
in this environment, the level of total uraniuﬁﬁ alone also is an indicator of
.contamination. .

The skewness in the distribution of elevated total uranium level toward the
small particle sizes range in thé channel sediments can be related to the size
distribution 6f the firing site sands. Recalling the firing site results, this skewness
was also apparent. There were high levels of uranium on the sand fraction, 70 to 80
percent of the samples by wcight; thh highest levels of uranium on the silt and clay
fraction, which made up 5 to 10 percientﬂo‘f ‘thc samples by weight. Therefore, 75 to
90 percent of the firing site samples b’yv weight had concentrations greater than 100
pg/g level. In the channel samples.‘75’ t0 93 percent of the sampies by weight were
the sand, silt and clay fractions. The highési%total uranium concentrations by particle
size lies in the medium to fine, fine, very fine sand, silt and clay fractions wzth
concentrations greater than 10 pg/g. Large éi’zc contaminated particles were not, in
‘gcncral, found in channel dcpo‘sits. Reduction in large-sized particles having
elevated uranium concentratioﬁs bchﬁ/e;en finng sites and channel deposits probably
reflects mechanical weathering on the surface and in the channel, leaching into the
dissolved phase, and the addition of background sediment in the channel deposits.

High concentrations were found in the greatest number of size ranges in the
channel below E-F and I-J site, and discharge sink. Elevated levels at E-F and I-J
sites are due to the close proxiriﬁty toE—Fﬁnng site, which probably contains the

greatest amounts of depleted uranium on and in the surface layer of any area or firing
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site in the watershed. The high concenuﬁtioh at the discharge sink are expected,
since it is, with rare exception, thé ‘fmal terminus for most scdiincnt. Downstream of
the discharge sink there is little éonfamiﬁaﬁo;i: In the headcutting locale, there are
elevated total uranium concentrations in the very fine sand, siit and clay fractions,
and evidence of depleted uranium only in the silt and clay sizes. At headcutting+60,
there are elevated concentrations of total uramum in the silt and clay sizes, and no
evidence of depleted uranium. High concentrations in the very small particle sizes in
these areas may be due to airbo;'nc transport, to sheetwash flow across areas which
were contaminated by firing activities at the nearby Lower Slobovia firing pad, or
transport across the discharge sink at some tixﬁe in the past. At State Road 4, there
were no elevated levels of tbtal uraniumbin anj} of the size fractions, but there was
evidence of depleted uranium in the granule, possibly medivm sand, and in the silt
and clay fractions. This low lcvcl of contannnauon may be due to transport of
depleted uranium in the past, wluch was dcposxtcd between the Lower Slobovia
firing site and State Road 4, and Lhcn bvcamﬂ available for transport in subsequent
events. '

The picture is different for the bank :sstflimcnts. All bank sediments at the E-F
location are contaminated with depleted uranium, This is due to the presence of fine-
grained material in the bank deposits combined with an observed increase in
uranium concentration in smalllsized parﬁclés; especially in the silt and clay. This
pattern is also evident at the Eenie loca&on, where all the sizes of sediments on the
banks are contaminated. At the I-J location, medium sand and smaller sizes are

contaminated. At Skunk Works, there were éontaminatcd pcbbie, medium to fine,

and fine sand sizes, but no contamination in other particle sizes. This location
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apparently is a fairly active site, where moderately high velocities keep most particle
sizes in motion through this area. The shén duration, rapid rise and fall of the
measured hydrographs through thi§ %arga sru;')pc'n:t this idea. Contamination was
present in all particle sizes except granules in the discharge sink, which may reflect
the small representation of this p’ai'ﬁclke’ ysikz"cb“y)/‘r weight (7 percent).

There was no evidence of mnt@éﬁon of any size fractions at State Road
4. If there had been significant u’rah‘iuur‘nﬁ;ﬁ;re;ﬁent out of the discharge sink, one
would expect to see elevated leveis of uramum and depleted uranium in the bank
deposits, the relicts of high ﬂow., depositién; Th%s result was not observed, Table 4.6.
The levels of contamination in transpértcd péxﬁcles is negligible most of the time, as

shown by the cumulative sampler water quality data.




CHAPTER 5
GEOMORPHOLOGIC INVESTIGATIONS

Uranium Occurrence in Fluvial Deposits

Channel deposits were collcc'té(d‘ to aeterminc uranium content. A spectrum
of deposits were sampled in order to évaluéte selective enrichment in the fluvial
system: these deposits include the channel bed, the banks, alluvial fans, point bars,

and deep pools. Locatons of the samupled deposits are shown in Fig 5.1,

Channel Deposits

Channel samples were collected in the main channel of Potrillo Canyon
during years 1983, 1985, 1986, and 1989. Sample locations were: upstream from the
E-F cumuléﬁvc sampler; below E-F ﬁririg site; below I-J firing site; near Eenie firing
site; at the Skunk Works Road Crossmg; bclow Lower Slobovia; and at State Road
4. Locations were selected mainly to evaluate the uranium contnbutxon to stream

sediments from individual firing sites. Rcsults are shown in Table 5-1. A dash

indicates that no data was collccted. Th‘ (D) indicates that the sample had an

isotopic ratio below 0.0064, and thereforc bonzmncd depleted uranium.

There are several mtercsnng aspccts of these data. First, although there is
some contamination in the main channel above E-F firing site, the largest levels of
contamination are found below E-F firin g site; Further, the level of contamination

declines with distance downstream from E-F. Therefore, it is probable that
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. TABLES.1

TOTAL URANIUM IN CHANNEL SAMPLES
“(nglg)

ST YEAR COLLECTED
Location . 1983 1985 1986 1989
Upstream from E-F sampler oot - 2.3 (D) 225 (D)
Below E-F Firing Site 1581 (D) 1410) 103 D) 392 (D)
Below I-J Firing Site 7.3 (D) 74(D)  35(D) 31.65 (D)
Near Eenie Firing Site 5.0 (D) 21(D) 63(D) 3.77 (D)
At Skunk Works Road 8.3 (D) 29(D) 32(D) 2.3 (D)
Below Lower Slobovia 26 - 1.0 29 (D)
State Road 4 24 <10 1.2 15

* (D) indicates sample contained depleted uranium; isotopic ratio < 0.0064.
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the E-F firing point is the largest source of uranium available for surface water
transport in Potrillo Canyon. Moreover, this same trend was evident in uranium
levels in uranium traveling in the dissplvéd and suspended sediment phases in both
snowmelt runoff and spring/summer/fall runoff events as discussed in Chapter 4.

Second, there appears to be considerable variation in uranium content in
channel deposits at a particular location in timne, At the location below E-F firing
site, levels of uranium varied betwcen 3. 92 and 158.1 pg/g in the period 1983 to
1989. Similar variations, thou gh reduced in magmtude were apparent at each
location, The variation in uranium concentrauons at all locations were greater than
twice the analytic uncertainty Qf 1 ppm. These variations may result from spatial
variability as well as the dynamics of the system; uranium, although heavy, can be
transported and redistributed during runoff events to other locations along the stream
system. There was no systematic decline in uranium values with time at all locations
along the channel. ’ | B

Third, depleted uranium appcaxéd uniformly m all samples located upstream
of Lower Slobovia. With one exceptiéh; all sarnples downstream of Lower Slobovia
did not contain depleted uranium and all were within background levels of total
uranium, This result provides cvxdence zhat the discharge sink, located at Lower
Slobovia, has been effective in txappmg scdxment and uranium. -

Uranium concentration’ was 1 easured at other locations in the main channel

other than those in Table 5.1 as wchIaSNm s:de canyon channels, Fig 5.1 and Table S-

2. In the main channel, the first 4 Iocatmns in Table 5-2 are upstream of the
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TABLES.2
TOTAL URANIUM IN THE MAIN CHANNEL AND IN SIDE CANYONS OF
POTRILLO CANYON
(bg/g)
MAIN CHANNEL
. Year Total
Location ' Collected Uranium
Between E-F and I-J Firing Sites 1 ; 1983 159 (D)*
" " o 1986 9.5 D)
" " ' 1989 41 @)
Culvert at Potrillo Drive : : 1989 2.8 (D)
Upstream from Firebreak 1989 2.7 (D)
Upstream from Gate ' 1989 1.8 (M)
Downstream from Gate , 1989 2.8
Downstream from Powerline Road , 1989 24
Downstream from State Road 4 , 1989 22
SIDE CANYONS
Below Storage Magazines 241, .42 243" o 1989 14.0 (D)
Bclow Phermex Firing Site -~~~ - 1988 25 D)
o 1989 17.5 D)
Below I-J Firing Site A 1983 7.8 (D)
. ' ‘ 1986 29 @)
In Skunk Works Canyon 1983 45 D)
" : - 1986 23
" . 1989 2.5
North of Lower Slobovia Firing Sixe 1989 3.1
Upstream from Firebreak, North Sidg - 1989 19
Upstream from Firebreak, South Side ™~ * 1689 20
Downstream from Firebreak, North Sxde o 1989 1.4
North of Powerline Road RO 1989 22

* (D) indicates sample contained depleted uranium; isotopic ratio <0.0064.
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discharge sink, while the last 5 locations are downstream from Lower Slobovia and
the discharge sink. These results follow sirfxiiai’ pattemns as those observed and
discussed above for the main channel. Elevated levels of total uranium and the
presence of depleted uranium exist in locations upstream of Lower Slobovia and the
discharge sink. There was one instance of a depleted uranium samplc downstream 6f
the discharge sink. All other downstrcam_ sémples did not contain depleted uranium
and were within background Ievelgigf totaluramum.

Channel samples were coll'ccltcd i\h&side, canyons, Table 5-2, to assess the
direct impact from firing sites. The sidé canyons are located directly below the firing
sites and feed into the main channel. Side éanyons downstream of the discharge sink
were also sampled to determine if there was depleted uranium traveling away from
sources in the watershed not associated with firing sites, for example, products of
"midnight dumping” activities. Side canyons draining PHERMEX and I-J firing sites
displayed elevated total uranium cohcér@irations. As well, there is a source of total
uranjum in the drainage below Stéfa"ge Magazincs 242,242, and 243 at TA-15; this
could be either from early ﬁrian sites which no longer ;:xist, or from scattered
fragments associated with large test shé:s ét E-F firing site. All thése samples
contained depleted uranivm. In thé sxdc canyon containing the Skunk Works
building, there was one instance of dépléxéd uranium amongst the three samples
collected; all samples contained ba'ckggéﬁnd levels of total uranium. There was no
presence of depleted uranium in any 'of the ksid'c canyons located downstream of
Lower Slobovia (last § 1ocatiohs), and all samples were within background levels of

total uranium. Therefore, it appears that firing sites and possibly fragments from
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firing sites provide the only sources for elevated total uranium and depleted uranium
in Potrillo Canyon watershed.
Bank Deﬁosits

Bank samples were collected at many of the same locations as channel
samples, Fig 5.1, on the main channel. These locations were: upstream of E-F firing
site; downstream of E-F firing site; upstream of I-J firing site; downstream of I.J
firing site; near Eenie firing siteﬁk atthe Skunk Works Road crossing; below Lower
Slobovia; and at State Road 4. Additionally, there was a bank sample collected in the
side canyon draining I-J firing site. Sampling occurred during 1983 and 1985, and '
results are presented in Table 5-3.

Similar conclusions may be drawn from the bank samples as are given above
for the channel samples. Although elevated levels of uranium exist upstream from E-
F firing point, the highest levels of uranium cohtanﬁnaﬁon were found downstream
from E-F firing point, which is likely the greatest source of uranium from weapons
testing experiments in the watershed. Levels of uranium decline in the downsﬁeam
direction from this point. There is variation in levels of total uranium at a particular
location with time, attesting to Potnllo Canyon being a dynamic fluvial system. With
two exceptions, all samples upstrcaxn from Lowcr Slobovia and the discharge sink
contained depleted uranium, as detcmnned by an isotopic ratio less than 0.0064.
Levels of total uranium below Lowe-r Slobovia and the discharge sink were at the
background levels of uranium for this area, and there was no depleted uranium was
detected.

Note that the bank samples uniformly contained higher levels of total

uranium than the channel samoples. This result may be due to bank deposit
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TABLE 5.3
URANIUM IN BANK SAMPLES
(Hg/p)
: ~ : Year Collected
Location \ 1983 1985
Main Channel Upstream from E-F Firing Site 158®* -
Main Channel Downstream from E-F Firing Site 373.0(D) -
Main Channel Upstream from I-J Firing Site 49.5 (D) -
Side Canyon below I-J Firing Site ‘ 9.2 (D) -
Main Channel Downstream from I-J Firing Site 34 9 ) 14.6
Main Channel near Eenie Firing Site ' 19.5 (D)
Main Channel at Skunk Works Road 6 5 @) 6.4 (D)
Main Channel below Lower Slobovia Fu'mg Site -
1.5

Main Channel at State Road 4 . A 4 4

* (D) indicates sample contained deplctéd uranium; isotopic ratio <0.0064.




140

composition; the bank material cc;ntains more fine-grained material. As well, it was
observed that uranium concentration tends to’irlxcrease with decreasing particle size,
with the largest uranium concentrations observed in the silt and clay fraction.
Together, these factors explain why the bank deposits exhibit larger uranium

concentrations.

Alluvial Fan and Point Bar Deposits

Samples of alluvial fans and point bars were collected along the watershed,
Fig 5.1, to determine if these deposits were also selectively enriched in total (and
depleted) uranium, Table 5-4, Ele;akd»iéyc‘lﬂs of total uranium were present in all
deposits upstream of the dischargé smk, xccpt in the point bar near the Eenie firing
site and the point bar upstream df :ﬂrl‘c"E;F:cuzlnulaﬁvc sampler. Most samples
contained depleted uranium, wigh the :;cxée;;tion of the point bar deposit near the
Eenie firing site. The point bar near the I-J cumulative sampler contained an elevated
concentration of nearly 155 pg/g. , ' ‘

There were two samples, one from an alluvial fan and the other from a point
bar in a side canyon downstream from ﬂxe__discharge sink which had slightly elevated
levels of total uranium, 5.57 and 642uglg, respectively. Neither of these samples
contained depleted uraninm. All dcposits downstream of the discharge sink were
point bars, were within backgroﬁnd levels, and did not contain depleted uranium.

It appears that point bar aqd élluyial_fz}zi deposits concentrate uranium, and

occasionally in considerable amounts. chels of total uranium exceed both bank




TABLE 54
URANIUM IN ALLUVIAL FAN AND POINT BAR DEPOSITS
L (nGIG)

Total Isotopic
Location Uranium Ratio
Point Bar-Upstream from E-F Firing Site 3174 0.0063
Alluvial Fan-Downstream from E-F Firing Site 1094 0.0059
Point Bar-Upsueam from I-J Cumulative Sampler 154.51 0.0053
Alluvial fan between Main Channel and Side Canyon draining Phermex 10.99 0.0035
Point Bar-Near Eenie Sampler 2176 0.0064
Point Bar-Upstream from Skunk Works Road 20.57 0.0065
Point Bar-Upstream from Skunk Works Road 14.81 0.0057
Alluvial fan-Downstream from Lower Slobovia Firing Site 5.57 0.0074
Point Bar-Side Canyon Upstream from Firebreak, Nonth Side 642 0.0071
Point Bar-Downstream from Gate 2.38 0.0078
Point Bar-Side Canyon North of Powerline Road 423 0.0074
Point Bar-Downstream from Powerline Road 1.63 0.0071
Point Bar-Upstream from State Road 4 | 348 0.0070
Point Bar-Downstream from State Road 4 3.13 0.0080

Notes
1. Samples were collected during 1989,

2. Samples were collecied in the main channel unless otherwise noted.

11
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and channel deposits at the same location. However, these deposits do not contain a
large volume of sediment compared to the total channel and bank sediments through
the watershed and therefore do not comprise a significant amount of contamination
in the watershed. One might expect that alluvial fan and point bar deposits in the
lower watershed, downstream from Lower Slobovia, would concenmrate total and
depleted uranium if available. The absence of these concentrations gives support to
the hypothesis that little depleted uranium has escaped from the discharge sink since
the mid 1940’s, discussed further in this chapter.

Uranium in Deep Pools

Three pools were sampled m Scptcmber, 1989, to investigate whether

depleted uranium in Potrillo Canyon deposxtf:d in a placer deposit fashion. In placer
deposits there would be an mcrease in uramum concentration with depth due to its
higher specific gravity than the rernammg sediment. Three plunge pools were
identified, Fig 5.1. Two are located upsmém of Eenie firing site and are coincident
with the Eenie cumulative runoff sampler location and the Eenie snowmelt collection
station, and the third is located at the downstream end of 2 83.8 m long culvert which
runs under Potrillo Drive immediatnelyfdowﬁs)tr'eam from the Eenie firing site. All
three locations have distinctive ;Sluhgé poois (1 m or greater drop in the cﬁmnel bed)
and were readily accessible. o

The results from the three pools are shown in Table 5-5. Samples were
collected at 7.6 cm intervals until either 'bedrock (tuff) was encountered, or in the

case of the Eenie snowmelt 1ocatic$r{, th;;séﬁipling pit collapsed. Terminal

g A



TABLE 5-5

URANIUM DEPOSITS IN DEEP POOLS
COLLECTED SEPTEMBER 1989

MG/G)
Total Isotopic
Location Uranium Ratio
Eenie at Stormwater Runoff Site
. Surface 7.56 0.0051
7.6 cm Depth 6.96 0.0048
15.2 cm Depth 4.23 0.0057
Downstream End of Culvert Under Potrillo Drive
Surface ' 16.15 0.0050
7.6 cm Depth 30.31 0.0051
152 cm Depth 24.85 0.0053
229 cm Depth 3.59 0.0050
30.4 cm Depth 294 0.0055
38.1 cm Depth 2.87 0.0050
Eenie at Snowmelt Runoff Site
Surface 26.24 0.0046
7.6 cm Depth 2.32 0.0068
15.2 cm Depth 1.80 0.0057
229 cm Depth - 1.92 0.0062
30.4 cm Depth 2.21 0.0062
38.1cm Depth - 2.32 0.0065
45.7 cm Depth 448 0.0061
53.3 cm Depth 3.65

0.0059
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sampling depth varied from 15.2 to 53.3 cm. At all three sites, the greatest total
uranium concentration was encountered either at the surface or within the top 7.6 cm
of the surface. In every case, the total uranium concentration declined with
increasing depth. All samples contained depleted uranium with the exception of the
sample at 7.6 cm depth in the Eenie snowmelt collection site. All samples above and
belovv- this sample were depleted. In general, sediment below 7.6 cm were close to or
at background uranium concen&adon levels, but the isotopic ratio identifies these
samples as containing depleted uranium.

These results indicate that deplc&d uranium is not depositing in placer
fashion at these locations. Uranium is predominant in the fine-grained particles,

which do no preferentially deposit with increasing depth in the channel bed.

Transects

In July, 1688, 3 depth transects were estabhshed within Potrillo Canyon to
investigate the extent of dcplctcd uranium transport. They were: at the upstream end
of the discharge sink (Transect T—2), at thc downstream end of the discharge sink
(Transect T-3); and near the watershed boundary at State Road 4 (Transect T-1), Fig
5‘2. ’ . . L

The configuration of each &anscct was designed to investigate the extent of
depleted uranium across the caﬁyon ﬂoor in the direction perpendicular to the stream
channel, as well as the extent of dcplcted uranium in the vertical direction. Each
transect had a unique conﬁguratxon to accommodate the individual channel and
canyon geometry at its location. Eac_:h transect gonsxsted of 1110 15 borings across

the canyon floor; borings were made thha stainless steel hand auger. The spacing
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between borings was variable; borings were épaced at 3.05 m intervals in the region
of the current active channel, increasing to 6.1 m in the adjacent floodplain, and to
12.2 m spacing at greater distancés from tﬁe’acx:'svve channel. The depth of boring was
also a variable. The depth of sampling ranged from 102 to 122 c¢m in the active
channel. Depths decreased to 30.5 cm in all other boreholes. The horizontal and
vertical spacings reflected the assumption that the active channel represents the most
likely location for sediment and contamixiaﬂt dcposition. The reason for variation in
the spacing and depth sampling was to mmumze the number of samples to be
collected and analyzed without undue Ioss of 1nformat10n.

Samples were composited at thc follewmg depth intervals: 0-7.6 ¢cm, 7.6-15.2
cm, 15.2-30.5 cm, 30.5-45.7 cm, 454.7.—61 cm, 76.2-91.4 cm, and 106.7-121.9 cm.
Each composite was analyzed for total uramum and isotopic ratio.

The results for T-2, the U‘anscct;abt ifxc upstream end of the discharge sink are
shown in Fig 5.3. The total length of thé trax‘aséct was 128 m and a total of fifteen
borings were made. Elevated Icvcls’of;t.(’)tal uramum were encountered in the 3
borings in the acﬁve channel (# 8, 9, and 10), and in the boring immediately south of
the active channel (#7). Elevated uranium levels ranged from 6 to 70 yg/g, and were
encountered at depths ranging from 30.5 to .76.2 cm. Fig 5.3 also shows by shading
the extent of depleted uranium. Dcplétcd uramum occurrence extended in the surface
layer (0-7.6 cm) from boring 5 through boring 12 and down to 122 cm in boring 9 in
the center of the active channel. This indicates that deposition of depleted uranium
beyond the confines of the active chann‘clwhas occurred during the past 45 years,

either through floodplain mundanon or through change in lateral location
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of the active channel. The depth of defiéieé'uraxﬁum ;icposition is a strong
indication of active and aggressive sedimentation in the area, with average
sedimentaton rates of 2.7 cm/yr (1'22"cm/45 years) within the active channel.

The configuration and msﬁlts for Tfénscct T-3, located at the downstream
end of the discharge sink, are shown in Fxg 5.4. This transect was 100.6 m in length
and contained 12 borings. Elevated levels m total uranium, ranging from 20 to 27
pg/g, were located in the surface laye;, down_ to a depth of 15.2 cm. Elevated levels
were also apparent in Borings 2, 3, 4 and 10, Fig 5.4. There were no elevated levels
found in the three borings located in the present active channel (#7, 8 and 9). The
presence of depleted uranium is also shown in Fig 5.4. Depleted uranium was found
in the surface layers in borings 1, 2, 3, 4, 13, 5,7, 8 and 10, to a depth of 15.2 cmin
borings 1, 3, and 10, and in the deeperf Iayé;' of 15.2t0 30.5 cm in boring 13. The
widespread occurrence of depleted uramum across the canyon floor is indicative of
movement of the active channel across ti'xe éahyon floor during the last 45 years.

Transect T-1 is located about 0 6 km upstream from the watershed boundary
with State Road 4. Results and conﬁgurauon of the transect are shown in Fig 5.5.
The transect was 81 m in length and consxsted of 11 borings. Elevated levels of total
uranium were found in Borings 4 anyd 5,’ bc_nh removed from the location of the
present active channel. Levels of 13.0 pig/g at 15.2-30.5 cm and 12.0 pg/g at 7.6-15.2
cm were found in borings 4 and ‘5, respectively. There was no evidence of depleted

uranium in any of the borings at any depth. These results indicate that
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if there had been depleted uranium transport through this area in the past, it was not

widespread.

Trenching in the Discharge Sink

Inspection of aerial photographs suggested a lineament (a straight or gently
curved length feature of the Earth’s surface) trending north-south of considerable
length. This lineament appeared to pass ‘thr'_ough the discharge sink about 122 m
upstream of the location of Transect T-3: Because aerial lineaments are frequently

associated with subsurface faulting, it secmed appropriate to conduct 2 ground check

here for faulting. In September 1989 | h, ’hcrein called long trench, 145 m long

by 1.22 m deep trending nor&ea;i'—“s;bx'iﬁthwcsf v&as dug across the canyon roughly
perpendicular to the flow direction. A sccOnd trench 30.5 m by 1.22 m deep, called
herein short trench, was dug trending xiqnh_wcst-southeast, intersecting the long
wench about 7.6 m west of the northeast end, Fig 5.4. Trench dimensions were
determined by the maximum depth allowable without s.horing of the walls required
by Occupational Safety and Health Act ;egulations (and thereby markedly increasing
the costs), the canyon floor dimensions andthc Jocations of specific structures in the
canyon which could not be disturbed (§.g. the sled track). The objectives in digging
the wenches were to see if faulting couid be revealed through marker bed
displacement, to obtain sedimentation rates through carbon-14 dating of organic

material obtained at depth in the trench, to inspect geomorphologic structures

exposed in the vertical cross section, and to btain samples from geomorphologic

structures for total uranium and isoto; analyses.
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Vertical cross section of the long trench revealed a number of cut-and-fill
structures, which are remnants of carli‘cr‘ channels and have been filled in by
sediment. At station 80 East (all étations are référcnced to the distance in ft froin the
northeast end) the profile consisted of fine "step” layers of sand-sized material from
0-30.5 cm, a coarse sand in a finer saﬁd matrix from 30.5 to 83.8 cm, and fine sand
in a coarse sand layering from 83.8 cm to the bottom. Beginning at station 110 and
extending to station 130, there wasevxdcnce 6f a cut-and-fill structure beginning at
about 45.7 cm depth. Crossbeddiné}&'é; appka‘r;::nt at 68.6 cm depth at station 120.
Another cut-and-fill structure was v\}i’sil"'{;&n’é{iist‘a’ﬁon 170, which extended from station
150 o station 180. It began at 45.7 cm dép;h and extended 10 86.4 ¢m at the deepest
point. It was characterized by layering wnhm a more homogeneous matrix. Smaller
cut-and-fill structures were also noted at statioﬁs 200 and 210, from 30.5 cm to about
91.4 cm and characterized by coarser material. Some layering was also apparent at
station 230 down to 63.5 cm. At St#tién 250, there was a tuff boulder present at 63.5
cm depth, with dimensions of 457 cm‘l wide by 30.5 cm high. At station 330, a
coarse layer at 91.4 cm depth was notéd, 'Wﬁile coarse sand layers increasing to small
pebbles down to 63.5 cm was noted at station 340. Pebble-sized material at 91.4 cm
depth was noted from stations 360 to 430

Within the short trench, no distinc “’g;q:rhorphologic structures were noted, A

3

homogeneous mix of a coarser material in a ﬁﬁe-grained matrix was found

throughout the depth profile. » J
Samples were collected wuhm ggyé‘d{tﬁoriphologic structures, mostly within the

layering or obviously coarser or finer material and analyzed for total uranium and

isotopic ratio, Fig 5.5. Elevated levels of total uranium in the long trench were
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measured at a number of locations. At station 20, the uranium concentration was
7.71 pg/g at 15.2 cm depth, and 6 81 ug/g at 45.7 cm. At station 70, 18.89 pg/g was
measured at 15.2 cm depth. At stanon 80 them was 54 pg/g at 15.2 cm depth, 26.0
pg/g at 30.5 cm, and 9.0 pg/g at 88.9 cm: At station 130, there was 925 pg/g at 15.2
cm depth, and 7.01 pg/g at 71.1 cm. At station 240, there was 13.07 pg/g measured
at 15.2 cm. At station 250 East, there was 8.8 j1g/g at 15.2 cm, at station 290 there
was 5.92 pg/g at 15.2 cm, at statio‘nﬁIS:Q(;)‘?th‘_ére_ was 7.41 pg/g at 15.2 cm, at station
420 there was 6.22 pg/g at 15.2 cm, and #tvstaﬁon 460 there was 6.56 p1g/g at 101.6
cm. Depleted uranium, dctcrmmcd by motopxc ratio, was apparent at the following
stations: 70 at 15.2 cm, 80 at 15. 2 and 30 5 cm, 130 at 15.2and 71.1 cm, 250 at 15.2
cm, and 300 at 15.2 and 33 cm. The e.levated levels of total uranium in the 15.2 and
101.6 cm samples collected in the short trench did not indicate the presence of
depleted uranium from their i xsotopxc ranos

Nine samples of organic maxenal wcrc collected and submitted for carbon-14
(C-14) dating. Eight samples contamcd msufficxcm volume of material for dating.
The remaining sample was dated, alt‘nouéh the resulting age was too young (less than
400 years age) for accurate results usmg thc C-14 technique.

There were no marker beds noted in either of the trenches. There did not
appear to be any displacement of sedm::cn‘t;y thcrcforc, it was not possible to
distinguish faultng at the depth.s‘c'qus;éd;; |

Cut-and-fill structures implied that charlncls have passed through the canyon

floor in this location in the past. The l&aﬁcn-and depth of these structures




W F L, e

indicate that these older channels dxdnotalways follow the path of the present
channel. The presence of depleted uranium is helpful in dating the age of these
channels. The channel structure at station 80 is contemporaneous with dynamic
weapons testing, as are the structures at station 130 and station 300. Contamination
within the surface layer (uppermost 15.2 cm) was found 10 be present at stations 70
and 250. These may also be indicative of older flow paths, but the lack of structure
does not provide positive evidence of this phenomena. Results from the total
uranium and isotopic ratio analySeS in thé trenches are similar to those found in
Transect T-3. There is uranium contamination across the canyon in this region of the
discharge sink. Contamination with deptﬁ is sporadic, and the locations of
contamination do not necessarily coin;ide with the location of the present day

channel.

Historic Changes in the Channel through the Discharge Sink

Historic changes in the appearance 6f the channgl through the discharge sink
were observed using aerial photographs. Some of the earliest aerial photography of
this area was taken by the U. S. Department of Agriculture (USDA). The Soil
Conservation Service of the USDA had zerial photography taken of the Upper Rio
Grande Watershed in 1935 to assess $6il erosion. Attempts were made to collecta
photograph during each decade from ﬁic 1930"5 through the 1980’s to document
channel changes within the discharge sink Acrial coverage during the 1940°s was
spotty due to the secret nature of Manhattan Project operations at Los Alamos.
Aerial photegraphy then was mostly prohibited, except for official govermment use,

and those were classified. No negatives were located during that decade. The only
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aerial photographs available were taken at high elevation; enlargement to the
required scale lost so much detail that they were no longer useful. For this reason,
the 1940°s decade will be skippe& in the fol]owmg discussion.

North is at the top of all photos. The cleared area near the center of the photo
is the Lower Slobovia firing site. The linear feature trending southeast from the
bunker barricade mound in the 1987 photo is the Sled Track. The scale of the photos

from west to east is about 2800 m and from north to south, about 1000 m.

1530°s

The photo in Fig 5.6 was taken in 1935'. The location of the trace of the T-2
transect where it crosses the channel is shown for reference. Notice first that it
appears the channel flows through the cntixfé discharge sink. The downstream
boundary 'of the discharge sink as seen today (1990) coincides roughly with the
lower left edge of the photograph. The hcgdgutﬁhgs at the bottom left are the
beginnings of reestablishment of a well-defined channel. They result from
accumulation of flow from the small mdecanyon west of the Lower Slobovia bunker
and from contributing area on the qut.ma;.r_g;'in of the watershed. They are apparent

in all the photos discussed, and appear not to have changed much since 1935.
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1950°s

This photograph shown in Fig 5.7 was taken May 27, 1954. The channel
flowed past the trace of Transect T-2, southeast to a point about due east of the
Lower Slobovia bunker. Southcaé'tjbf t}usarea a trace of the channel can be followed
for several hundred feet downstream: and then only vegetative changes suggest the
active channel location. The channel appéaxs to be rather broad, and at least one
instance of a washout is evident. When compaung this photo to those taken in more
recent years, notice how much more vegetaﬁon was present in this area in 1935, This
is because of the pyrotechnic qualitiés of depleted uranium. Frequently, detonation
and scattering of depleted uranium crcateéksmall brush fires and will ignite trees.
Consequently, the vegetative density in the vicinity of the Lower Slobovia firing site
has been reduced since the site bevcamc'activc in the early 1950’s. Because
vegetation has the ability to hold vsoil and reduce erosion, one would expect

increased soil erosion in this area since the testing at this site began.

1560’s : :

Fig 5.8 was takén June 28, 19,65: A déétinct channel can be seen flowing
though the entire discharge sink. T}kic;:‘haxin;l_ flowed to the south of all four clumps
of trees downstream from TranScét T-2. Thcie;appcazs to be several washouts from

the channel within the sink.
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Fig 5.9 was taken on Novéxpppr 5, 1976‘I’he channel can be observed past
the T-2 transect, and lost its form aboutv‘4“t'mér groupings downstream. There is a
secondary channel which has dcvcloped on thc north side of the 3rd and 4th tree
groupings. Tree 430, used in the sedxmcmanon rate analyses (Chapter 6), is located

north of the 4th grouping. This ch_az‘{m s further downstream about 150 m.

The channel cannot be distinguish from this point, until the

headcuttings at the bottom of the photo Thes rcprescnt flow from the side canyon

to the west of the Lower Slobowa bunkcr. Cole

1980°s
The date of photography in Fxg 5 10 xs Dcccmber 6, 1987. The channel can

be seen distinctly past the T-2 transect. It contmued for a short distance, about 4 tree

groupings downstream along the channcl edge, and then becomes difficult to

distinguish past the 4th grouping (fallen ec ‘:A‘vaguc trace of the channel through

the discharge sink can be dclmeatcd by‘ :eg tatxon changes alone. Field inspection of

the area confirmed that to locate thc‘acn, chémncl downstream of this area on the

ground is very difficult. At the bottom of the photo, one can discern the resurnption

of an active channel, with bmnd@ flo from the northwest. These represent the

accumulation of flow from the sm on due west of the Lowcr Slobovia
bunker. At the end of 1990, the dxschargc smk appcars about the same as in this

photo.
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In summary, the channel appeared to flow continuously ﬂxljough the
discharge sink in the 1930’s. The continuity of the channel may be a relict from large
rainfall/runoff events, which occurred during 1911, 1913, and 1916 {next section).
There was a moderate vegetative cover over thedlschargc sink, which aided in
retarding soil erosion. By 1954, much vegetation in the discharge sink had been
incinerated as a result of dynamic testing acﬁvities. The lack of large runoff events
through the reach permitted the southern half of the channel through the discharge
sink to silt in. Only the difference in vegctaﬁbn belies the trace of the active channel.
-Runoff between 1954 and 1965 reestablishcd the channel through the previously

inactive area, which is clearly visible in,ﬂt;hé 11965 photo. Key runoff probably

occurred in 1957 and 1968 (next scvctiOnv)): ﬁack of funoff through the discharge sink

during the 1970’s and 1980’s has pcnmttcd the southern two thirds of channel
through the discharge sink to fill in, and agam only the difference in vegetanon
reveals the present channel locanom
Application of Historic Changes ;oAPredicﬁozifgézif'Breakthrough Out of the Discharge
Sink 5

It is hypothesized that flow. rarely léa_vcs the discharge sink. Visible
inspection of aerial photographs concluded..that there has been no outflow from the
discharge sink since the mid to late 1960"s. Outflow has occurred in the past 45
years, as evidenced by occasional Q‘{;scwﬁﬁons. of depleted uranium transported in
runoff past the cumulative sampler at State Road 4. When does breakthrough occur?

In order to investigate the occurrence and recurrence of flow breakthrough out of the

discharge sink, precipitation reco g xamined for candidate events or event
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sequences which may have created sufficient runoff. It was hypothesized that
individual rain events by themselves cannot be related to runoff, but sequences of
rainfall over time do appear to be rclatc¢ The ‘a;l’fcccdent precipitation index (API),
described in Chow (1964), is a funcu'bn w}uch describes rainfall sequences. The AP
is composed of the sum of an individual day’s rainfall and weighted antecedent
rainfall, -
AP =R; +09 APY;,
where API = Antecedent Precipitation Index
R = Daily rainfall in mm ’
i=day of interest. e ‘
i-1 = previous day. T

API was investigated to see if rainfall sequences could be distinguished
which could possibly be related to occuxreqcés of flow i)makthrough out of the
discharge sink. Continuous values for AP wcrc constructed for the period 1910 to
1990, Fig 5.11. Large values of API ébﬁe‘s‘pdnd to when there was significant
amounts of rainfall over a period of dastcamwhen the value of API exceeds a
value in mm of 80, 90, 100, etc. were tébxilatcd,l’rab!e 5.6. During 1988, the API
value equaled or exceeded 80, yet it was observed that there was no runoff out of the
discharge sink during that year. Therefore it was hypothesized that the API must
exceed at least 80 for breakthrough flow to occur, and years when API equaled or
exceeded 110 or greater seemed even more likely for breakthrough runoff. Years
when this occurred include 1911, 1913, 1916, 1952, 1957, and 1968, Table 7.1.
Examining these candidate years mdlrecﬂy using aerial photographs, it appeared

possible that years 1952, 1957, and 1968 did produce sufficient flow to break
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TABLES.6
YEAR IN WHICH API EXCEEDS:
(mm)

RO 90 100 110 120 130 140 150+
1911 1911 1911 1911 1911 1952 1952 1952
1913 1913 1913 1913 1952
1918 1916 1916 1916 1968
1916 1919 1925 1952
1919 1925 1952 1957
1925 1930 1957 1968
1929 1941 1968
1030 1952
1931 1957
1941 1968
1944
1952
1957
1959
1968
1970
1988

0L
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out of the discharge sink and continue flow through the bottom half of the watershed.
This was inferred by evidence of a distinct channel through the discharge sink on the
1954 and 1965 photos. Year 1968 was described as a yc;u' when many large runoff
events traveled through other canyons through the Laboratory (Purtymun, oral
communication). Weather sumrmaries during those years were compiled and the
following descriptions during high API periods were found: July/August 1952-
Strong Bermuda High, strong anticyclonic vorﬁcity in Texas with some front motion
and moisture recycling; October 1957~ Stiqng Bermuda high and on-land movement
of ropical storm Bertha; July/August 1968— Series of upper level low pressure
systems, accompanied by the recycling of trapped moisture, With the exception of
ropical storm Bertha, series of precipitéﬁon events which might have created flow
out of the discharge sink were typical smp_iner moisture patterns. In general, it
appears that flow breakthrough is not négesséiﬂ,y the result of catastrophic weather
events. The API can be useful asa screemng to0l, to identify periods of significant
runoff which break flow breakthrough when t__sed with t.ogether with aerial
photography. It could be inferred that 1968 was the last time that there was outflow
from the discharge sink, and that 36 years elapsed between hypothesized
breakthrough in 1916 and 1952, -




CHAPTER 6
ANALYSES OF SEDIMENTATION AND STRUCTURE IN POTRILLO
CANYON WATERSHED

Sedimentation Rates

Sedimentation rates were determined a number of ways. One method used a
tracer within the transported sediment. This method was employed using depleted
uranium as the tracer. By knowing that dcpleted uranium has been used in this

watershed for the last 45 years, thg" n um @epth at which depleted uranium

occurs places a bound on the rate of 'sediineﬁtéﬁon during this period. This technique
was used during the transects investi.kgétibn’,"Chapter 5. Results will be discussed later
in this chapter.

" A second method of establishing sedimentation rates is to measure the
amount of sediment accumulated on # tree’s crown and then date the tree. Usually,
the tree’s crown or root is completely q:prscd, or burie_d under a slight (few
centimeters) depth of soil. A'substanti_al: ;dil covering would be indicative of active
deposition.

Using the second method, sedirbcntaﬁon rates were determined in and around
the discharge sink. Fifteen Pondetosé pincs were sclected in and around the

sedimentation basin, Fig 6.1. The species Pinus ponderosa, or Ponderosa pine was

selected because this species prodgggs an ; nual growth ring which can be used for
dating, it exists in the discharge smk, ‘_and;i?ox;d‘erosa pine has been used for dating in

other locations in the Southwest. Trees were selected that were healthy in
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appearance, were of considerable age (as determined by fairly large trunk diamct;-,r
and height), and were located close to the present channel position along the
discharge sink. Tre€s were thgged for identification purpose and will be referred to
by their tag number. : /

The depth to tree crown w ‘estal hshed by using a slim diameter soil auger

to extract and measure the dcpth o scdlment fcstmg on the tree crown. Sediment
cores were extracted at 4 ordinates aronnd thc base. The first location was selected to
be closest to the upstream flow position, and the other 3 were arranged at
approximately 90° around the cu'cumfercnce. The extracted sediment was a sandy
clayey loam, mixed with organic material, usually bits of bark, and small pebbles of
tuff. For those trees located in and adjacé?;t_io the channel, the greatest depth of
sediment was found on the downvstre_amI sid_; ré}ative to the flow. This positionisina
stagnation region where velocities are low and sediment is expected to settle. To
calculate the sedimentation rates, the grcétgst soil depth was used.

Tree trunk cores were extracted fbrom the south side of each tree at chest

height using a borer. The corer washand—dnlled through the bark horizontally into

the trunk until it was anticipated ihat ,f"(ccntcr) was encountered. In this way,
all growth rings would be sampled.lln few cases, cores were extracted from the
north side of the tree as well. Each :u"cc cox”'é‘ was mounted on a wooden pallet so that
the plane of the tree’s tracheids was perpendlcular to eyesight. A tracheid is a
vertically oriented cell. Tracheids along the inner side of the tree ring are wide, have
thin walls and are light in color, and are called earlywood or springwood; those

along the outer side of the ring are flattened, have thick walls, are dark in color and

are called latewood or sumrmerwood. Tbgc;hcr the earlywood and latewood comprise
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a growth ring (Fritts, 1976). The tréc ébxés i\}ém prepared by sanding with a #400
grid sandpaper so that each cell was clearly vxsxble

Rings on each core were exammcd and counted usin g a Bannister Tree Ring
Counter. False rings can be a problem in Ponderosa Pine. False rings, or interannual
rings are bands of latewood within tfxc earlywood of an annual ring. Counting false
rings as annual growth rings will ovémsﬁmate the age of the tree. False rings were
identified when one or both of the foﬂgwiﬁg criteria were met: 1) the earlywood
merged into latewood, and the latewood ;cmﬁnated abruptly in a sharp outer face
against the next year's earlywood; and 2) the characteristic position of a false ring
always occurred far out in the annual growth (Glock and others, 1963). Each tree
core was counted for annual rings; fa}sc rmgs were encountered in every core. The

tree ages and trunk diameters are ta m Table 6.1. The “m" following an age

indicates that the reported age is &zeggusc the borer missed penetrating the

heart. Dividing the depth of sediment resting on the tree’s crown by the age gave the

sedimentation rates.

Notice that in some instancés thcice was in exces;s of 50 and at imes 60 cm of
sediment over the root crown. These trees, located near the channel, are literally
drowning in sediment. In trees further 'rcmbved from the active channel, the depth of
sediment atop the crown diminishes, This cffcct is plotted in Fig 6.2. Trees with tag
numbers 446, 445, 444, 442 and 443 he roughly in a line perpendicular to the
channel; their sedimentation rates and distances from the current active channel are

shown in Fig 6.2. The sedimentation rate is greatest within 20 meters of the




. TABLEG&.]
TREE AGES AND SEDIMENTATION RATES IN THE DISCHARGE SINK

Tree Circumference Maximum Sediment

Tree at Core Height Estimated Depth to Rate
Tag Location - {cm) Age (Yrs) Crown (em)  (cm/yr)

447 Upstream of T-2, 30 m from channel cdg
440 Downstream of T-2, <1.5 m from channef
441 Downstream from tree 440, at channel ed
442 Downstrearn and adjacent to tree 441,
443 Noriheast of tree 442, 35 m from channel edge

2184 162 20.32 0.13
77:227.33 92m 55.88 0.61
21336 83 60.96 073
1 224.19 78m 53.34 0.68
= 11292 82 33.02 040
L 158.12 9%0m 63.50 071

444 South of treec 442, 9 m from channel edge~~ .

445 South of tree 444, 23 m from channel edge 146.0 89 63.50 0.71

446 Southcast of tree 445, 75 m from channeledge =~ 195.6 95 18.42 0.19

430 Downstream and northeast of the leaning tree 172.7 89 43.18 0.49
50 m from channel edge .

429 Almost due east from Lower Slobovia firing 1549 . 88 4572 0.52
pad, by itself, 50 m from channel edge

428 Due cast of Lower Slobovia firing pad, by 165.1 9% 39.37 041
itself, 6 m from channel edge

427 Slightly sontheast of Lower Slobovia firing 1473 89 49.53 0.56
30 m from channel edge ‘

426 Upstream of T-3, 30 m from channel edge 137.2 : 79 50.80 064
425 Downstream from T-3, 23 m from channel edge 208.3 126 50.80 0.40
424 Downstream from T-3, west of trec 424, , 93m 22.86 0.25

46 m from channel cdge Tk

m - minimum age

LLY




SEDIMENTATION RATE ACROSS THE CANYON
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active channel and then declines with increasing distance from the channel. Thus, the
most active deposition is occurring withii} 20 meters of the active channel. A second
effect can be seen in Fig 6.3. Hcre_’scdiin::ﬁtéﬁqn 1ate is plotted as function of the
distance downstream of the current inéipécncc of the discharge sink. Removing the
effect of tree # 426 at 5485 metcrs, therc is a pronounced decline in sedimentation
rate along the discharge sink. Thxs may be mtcrprctcd to mean that sedimentation
processes are more active rccently a the u stream end of the discharge sink, and that

deposition of sediments occur less fr

tly in the vicinity of trees # 424 and 425
during the lifespan of the trees samplcd, whxc&x are 93 (conservatively) and 126 years
old, respectively. | :

These sedimentation rates may Se compared to published values. Using depth
of sediments reported for canyons in Los Alamos County by Keller (1968) and
Purtymun and Kennedy (1971), and using a time of accumulation of 1.1 million
years from the eruption of the Bandeher mff sedimentation rates were computed to

range from 8.4 X 10-3 10 1.1 X 104 xx;/yr. Other values ranged from -27.4 (erosion)

to +16.8 cm/yr in the Gila River in Safford Valley, Arizona, reported by Burkham
(1972). Leopold and others (1964) describe rapid sedimentation rates of 4.6 co/yr
along the Cheyenne River Basin m Wyormng as determined from fence posts as well

as lesser rates of 0.9 cm/yr along;&@ Nﬂcvaer in Egypt near Karmnak and Mempbhis.

The sedimentation rates in the d1scharg ink are large compared to many areas, but

do not exceed observed values elsew
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Land Slope Analyses '

‘Wachs and others (1988) reportcd discontinuities in stream gradients on the
Pajarito Platcau where stream channels cxoSs fault traces. In analyses of six canyons
known 10 cross fault traces, they described that the stream gradient steepened as the
fault trace was approached, became flatter at the fault crossing, and finally resumed
the original gradient below the fault kt\raggthét: was present above the fault. Wachs

and others explained these gradient ¢l .

resulting from lithologic changes
across the fault. For canyons exc Bandelier Tuff, the changes in
stream gradient "by fault motion scem far more likely than changes from lithologic
causes” (Wachs and others, 1988). SR

Wachs and others (1988) also répérfed results from seismic refraction
profiles across known faults in northern Los Alamos County. Vertical faults which
were downthrown to the west were believed to have created partial dams to eastern-
flowing streams and permitted sxzeable scduncnt accumulations. The largest
accumulation, located in Rendija Canyon, was mcasured to be more than 12 m. The
lack of stream-gradient discontinuities i in. these areas were attributed to streamflow
on alluvial fill rather than in a bcdrock channcl.

Slopes along the channel ans_d;rough Potrillo Canyon watershed were

plotted to determine if there was a possﬁnhty of faulting within the watershed which

would affect the stream’s gradicng. an Q‘sitigha} characteristics, Fig 6.4. There

exists two locations along the waté,, , _ re there appears a steepening of the
gradient, one of Wach’s criteria for the ncipience of faulting. One position was
upstream of the E-F cumulative sampler, and the other was downstream from the

Eenie cumulative sampler. The channel is cut into Bandelier Tuff in both locations.
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Two known or inferred faults mapped in Gardner and House (1987) were shown as
crossing Potrillo Canyon from north to south at the same approximate positions.
Neither of these faults appear to be related to sediment accumulation in the discharge
sink.

The channel slope through the discharge sink was determined using a transit

and electronic distance measurement (EDM) devise. Slopes along continuous

channel segments were determined, ‘;Th'e’re were 2 short segments (<7m)
where dense vegetation on the edé ; of the channel or in the channel itself precluded
use of the transit and EDM. The a\"cr‘arggv ’slépc_ spanning 1500 m upstream of transect
T-2 was 0.016, the average slope between i:rénsccts T-2 and T-3 through the
discharge sink was 0.017. The increase in slope at the headcutting reflects a drop in
the channel at this position. The lack of gradient discontinuity does not provide proof
that faulting does not exist under the discharge sink. No lithologic changes through
the length or width of the watershed were found. In the area of the discharge sink, it
is known that the stream channel lies in alluvial fill, and the thickness of the fill is

the topic of discussion in the following section.

Results of Shallow Seismic Refraction Surveys -
Results of the 1988 Seismic Survgx_ '

A small seismic refraction.

cpnducted in the lower portion of
Potrillo Canyon watershed by students ) ;ﬁi»x_nstiff‘uctors in the SAGE (Summer of
Applied Geophysical Experience) program, a summer program at the Laboratory

designed to provide in-field geophysical experience to primarily graduate students
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from a number of universities. The objective of the seismic survey was to estimate
the thickness of alluvium filling the canyon at that location.

Two seismic lines were mvesugated. Thexr location is shown in Fig 6.6. This
particular location within the canyon was sclected because of its close proximity to
transect T-1 and because the area has uncleared personnel access (security clearance
and escorts are not required). This locaﬁon is about 1400 m downstream from T-3.

The equipment used for the survey consxstcd of a 24-channel digital recorder
with a dynamic range of appmxxmawly 84 dB 4.5 Hz geophones, and a relatively
low-energy surface seismic source known as a Dmosexs The Dinoseis is configured
as a heavy, flat chamber, which is ﬁlled wnh a propane mixture and exploded to
provide an energy source. It is moumcd on a trailer, which constricts its use to areas
accessible from roads or dirt tracks.

The two refraction lines were laid out roughly parallel and perpendicular to
the canyon axis, Fig 6.6. The orientation of the canyon axis in the survey area is
approximately N65W, therefore the line parallel to the axis is referred to the East-
West line and the line perpendicular to the axis, the North-South line. Refraction
lines were laid out with geophone group ;pécings of 4.57 m. Each group was
arranged as a huddle of six geophones rather than a linear array. The elevation of
each group was determined by leveling aftet the survey was completed.

The North-South line consistéd'é{ 37 geophone groups and was 165 m in

length. The line crossed a dirt road which provided vehicular access. There were
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two shot point locations along the hne although the roughness of the texxain made it
impossible to locate either shot at the end of the lines. Two shots were recorded at
each shot point.

The East-West line consisted of 24 geophone groups and was 105 m in
length. It was located along a dirt road that runs up the canyon. The road parallels
the stream channel, and is located closer to ‘the~ canyon’s south wall than to the axis.
Three shot point locations were esﬁbﬁshed on the line, one on each end and one in
the middle. Four shots total were rccorded,two at the westernmost end, and one at
each of the other locations. L i | |

Data interpretations were bascd on thc first arrival time data using classical
refraction methods. This interpretation was documented in an informal report by
Cogbill (1989). A summary of the interpretation follows.

The interpretation of the EaSt—Wésf Tine corresponded to a simple model of
two constant-velocity layers, one v}ith asc1sxmc velocity of 350 m/s, overlying a
higher-velocity layer of 810 m/s. A vxsual interprctatiox} of this model is presented in
Fig 6.7. The thickness of alluvium was about 2.6 m at the west end, increasing to a
thickness of about 9.4 m at the east end.. The mean dip of the contact between the
layers was 3.7°. Below the alluvium was a layer interpreted to be unweathered tuff.
About 90 m from the west end of the line there was an abrupt decrease in the
observed travel time, indicating a special feature, This feature could correspond to a

fault which is upthrown on the west, or, ¢ orc likely, an erosional feature which was

later covered by sediment. The rﬁagmmde of the seismic velocity of the lower layer
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Fig 6.7 Vertical Interpretation of Stratigraphy from the Seismic Refraction Survey in Lower Potrillo Canyon.
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was appropriate for an unweamered.t’uff. ﬁléfé was no evidence of a perched water
table or a faster seismic layer, such as a basalt. -

Data interpretation of the North-South line was less reliable because none of
the shot points were located beyond the ends of the seismic line, implying
inadequate reversal of subsurface coverage. The travel time curves from shots on this
line were complicated compared to the East-West line, although this was not
unexpected since the line crosses thc'k canyoh and lateral variation in stratigraphy was
expected. North of the canyon access roa’d‘v .iuvn;:onsolidated material overlies
unweathered tuff having an apparent velocity of 700 m/s which corresponds to the
simple two-layer model proposed for the ﬁgst—Wcst line. Between 60 and 65 m on
the line, the apparent velocity increased abmptly to about 1200 m/s; this resultis
indicative of an erosional feature. From70m to 135 m along the line, there was a
continuous increase in velocity with' depth Eccause shots were not located beyond
the ends of the lines, only apparent velocmcs could be calculated. The magmtudc of
the apparent velocities in this pomon of the hne alluded to two possible
explanations. Either there is a zone of weathered wff overlying unweathered tuff, or
there is a zone of partially saturated material which could be unconsolidated
sediment, weathered tuff, unweathered tuff, or a combination of weathered and
unweathered tuff. The magaitude of the apparent velocity makes the likelihood small
of the layer being a scoriaceous basalt. A gcologlc log compiled while drilling a
shallow observation well in this ,area 1n,Sc,ptember and October 1989 confirmed that
there was no saturated zone. Basalt was not encountered either. The uncertainty in
interpreting these results is due té'mc"ﬁbﬁéibiliiy of error in the measured travel

times and the lack of shots beyond the ends of the lines. In addition, the thickness of
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this layer could not be determined with ;;;taiqty. South of the access road, this
feature was not present. A schematic of themterprctanon of this line is presented in
Fig 6.7. e

There were a number of preliminary conclusions from this survey. First, the
results indicated that shallow seismic refraction surveys can be performed in this
particular geologic locale which can successfully identify alluvial thicknesses in
canyon bottoms. Second, the results of the survey indicated appropriate spacings for
geophones and source term requircmcnts for future survey work with this type of
objective. Third, shallow refraction ﬁufveys of this type can also reveal information
about possible geologic structure in the vmmty of the survey and information on

buried saturated strata, which is of particular interest in arid basin watersheds.

esults of the 1 eismic Surve:

A second seismic survey wt}s;p%c ed in Potrillo Canyon during, August

and September, 1989 by Charles B. Reynolds &'Associgtes, a geophysical
contractor, The survey consisted of m iong line down the canyon axis,
from the road to Skunk Works to pést‘n'ariiéiéct"!‘a, and 2 cross-caniron lines, one

180 m long at T-2 and the second 1‘50_‘mklpng at T-3. The long line is refexred to as
LS-1, the two shorter lines L.S-2 and LS-B; respectively, Fig 6.8. The purposes of this
shallow seismic refraction survey were to determine the depth of alluvium and form
of the surface of the top of the weathered tuff and to obtain any information on
faulting along the survey lines.

The seismic energy source used was a leather bag containing 250 kg of lead

bird shot, dropped from a height of 2 m to the ground from the back of a pickup
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truck. A double-ended seismic cable was used. It has 13 takeouts spaced at 5 m
intervals, for a total effective spread length of 60 m. A single 8 Hz geophone was
placed at each of 12 Lakeouté, and the bag _iveigi)t dropped at one end from one to
eight times, depending on the soil and energy transmission. A geophone from the far

end of the line was moved to the welght drop end, and the weight moved to the other

end of the spread and dropped wherc“ the gébphone had been. In thls way reversed or
reciprocal times were obtained, prowding a quality check on the data and aiding in
interpretation of the refraction profiles. After the reversed profile was recorded, the
geophones were detached and the cable moved forward 30 m or one half cable
length. The process was repeated. The 50 pér_c%:nt overlap was intended to provide
nearly continuous coverage on the deepest refractor.

Data was recorded using both analog and digital methods. Digital data was
reduced by picking first breaks and ﬁtti;ig inverse velocity lines by a least squares
method; and refractor thicknesses and dcpths were calculated by the zero-distance
time intercept method (Reynolds, 1986). A wave reconstruction method was used to

analyze the deepest refraction results, indicated by the reversed or reciprocal data.

This method assumes that only the ovcrburdcn velocity is known,

Reynolds (1989) mterpxete' ihe 'sencc of three to five velocity layers from

the collected data, with the most ¢ mmon n r_xibcr of layers being four. The layers
were described as follows: i i

The shallowest or surface layer had a calculated mean velocity of about 270
m/sec and a mean calculated thichcss of about 3.3 meters. This‘slow velocity is

typical of a very soft, very dry, completely unconsolidated and highly compacting

soil.
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The second layer was described as a set of lenticular, overlapping, probably
stream-laid velocity units. Measured velocities varied from 287 to 490 m/sec, with a
mean velocity of about 340 'm/sec The velocity suggested that these layers were also
unconsolidated, but may contain somewhat coarser (sandier?) material. This layer
was not always present, but averages 3 meters in thickness when present.

The third velocity layer had a mean_t}ﬁckness of 8.4 meters but appeared to
be locally absent along part of the 1ong hnc The calculated mean velocity was about
470 m/sec, which suggested that thxs layer may also represent an alluvial unit.

The fourth velocity layer had a mean measured velocity of about 610 m/sec,
which is reasonably typical of weathered Bandeher wff, The calculated mean
thickness of this layer was about 8 xneter:

The deepest layer detected was observed only locally on the long line, but
under the full length of both short lines. It had a mean measured velocity of about
850 m/sec, which suggests that it is probably unweathered Bandelier tuff.

Mis-ties between adjacent wavefront reeonstmction solutions which were
greater than S meters were mterpreted as p0531b1e faults, although they could also be
erosional features, as pointed out by Cogbxll (1989) Mis-ties of lesser magnitude
were not shown on the i mterpretanon cross-sections. The faults delineated by this
study do not appear on maps of previous faultmg investigations (Gardner and House,
1987, Dransfield and Gardner, 1985)

Two possible fault zones of mterest were noted along the long line LS-1. One
is located near the northwest end (near theSkunk Works road) and shows substantial
deepening southeastward of the tep of the‘_weathered tuff along with steep dips. A

second fault zone is located east of the intersection with line 1.S-2, which coincides
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with transect T-2. Reynolds has mtcrpretcd this feature as a fault downthrown to the
west (Fig 6.9). e /

There was another intcm§ﬁng geologicﬂfeature about 125 meters southeast of
the L.S-1 - LS-2 line intersection. Here an unusually great thickness of the surface
layer (270 m/sec) overlies a ridge of the fourth or weathered tuff Iayer The third or
470 m/sec layer appears to pinch out against this apparent ridge. The deepest layer
(850 m/sec) presumably also comes to shﬁlloéfdepth under this high (Fig 6.9).

A velocity which was high enough to represent saturated rock was measured
in only one location, at the east—northeast end of line LS-3. The velocity of 1796
m/sec could indicate either locally perched water or a locally better indurated bed
within the tuff. A borehole placed in this location prior to the seismic survey for
neutron moisture probe measurements down to about 16 meters did not encounter

any perched water.

Canyon alluvium thickne from these data wcrc-plotted for the
three lines, Fig. 6.10, 6.11, and 6.12. Opcn'cuclcs indicate the depth to the top of the
weathered tuff, and closed cxrclcs thé depth or thickness of the top- two layers,
namely dry soil plus stream-lain deposits. The bars on the bottom indicate where
fault traces intersect the lines. The closed circles are probably more indicative of

recent stream-lain deposits.
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The average thickness of scream-dcﬁ;éd deposits along the canyon axis is
about 5.9 meters, Fig 6.10. Although the thickncss varied along the canyon length,
there is a pronounced thickening to greater than 10 meters south or downstream of
the intersection of LS-2, beginning é; about distance marker 470. This subsurface
thickening of sediments coincides wi;}} thé current upstream end of the discharge
sink. The location of this thickeriing also .i's' in close proximity with two pronounced
geologic features elucidated by tt;c scisfxﬁic survey; a fault and a buried ridge, Fig
6.10. | o

The fault, located at 436 meters kdistancc from the northwest end of the line
LS-1, had a displacement of 11 me 5. C
sediments to the top of the weathered.

C mparing the alluvial thickness of both the

i}gn circles) and of the soil plus stream-
lain deposits (closed circles) on Fi.gSlOand 6.11 where Lines LS-1 and L.S-2 cross
indicated a discrepancy. On Line LS~1,thc th_ickncss of the alluvium on top of the
weathered tuff is about 15 meters, whcréas the same location on Line L.S-2 is about
25 meters. On Line 1.S-1, the thickness 6f the alluvial deposits at the intersection
with Line LS-2 is about 6 meters, about the same as on Line LS-2. That there is a
disagreement on total alluvium thicchés between the two lines ixidicates that there is
probably a three-dimensional feature, m all likelihood a fault, at or near the
intersection between these two Iincs; but the orientation of both lines and the shot
drop locations were inadequate t§ propefly define its correct orientation and offset.
A buried ridge located at 540 or 550 meters from the northwest end, about
100 meters downstream from the LS-1 - LS-2 intersection, appeared to post-date the
third alluvial layer. This layer is qp;éht dvcg,mc ridge. Reynolds (1989) described

block, a mineralized fault zone, a small

this ridge as being possibly a small hors
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dike or simply a residual erosional hill. These two features, the fault at the LS-1 -
LS-2 intersection and this buried ﬁdgé; may together control the location of sediment
-deposition in this watershed. Gentle féulting of the underlying geologic structure and
gentle warping of the pre-alluvium tbpog:aphy__may together be controlling present
stream dynamics, manifesting in an area of lower flow velocities and thereby locally
enhancing stream deposition. : | | | i
There was less mformauonconocrmng sedimentation patterning along lines

LS-2 and LS-3. There appeared to befaultmg on LS-2 near the intersection with LS-
1, together with increased alluvial thxckness in the subsurface, Fig 6.11, although the
exact form and locus was not dctcrxhincd b;"tkh.e seismic survey. The fault shown on
Line LS-1 and LS-2 could in .fact be the same fzult. However, great lateral variation
of sedimentary deposits along these lines makes the interpretation of these collected
data less certain. There were no mterestmg subsurface features at the intersection of
LS-1 and LS-3.




CHAPTER7

A CONCEPTUAL WATERSHED MODEL

Uranium transport in Potrillo Cé.nyon is subject to the particular hydrologic,
geologic, and geomorphologic conditions ,preéem in the watershed. Before the
conceptual transport processes whi_ch" control the movement of uranium in Potrillo

Canyon are presented, the hydrologic behavior of the watershed will be reviewed.

Hydrology
Precipitation falls on the watershed as snow and as rain. Snowmelt, when it
occurs, produces low discharge ovélf scvcral months during the spring. Much of the
snow sublimates, or melts and cvapomtég and infiltrates into the soil profile before
reaching the channel. Infiltration losses occuriinto the channel bed as well. Forty
percent of the annual precipitaﬁon falls as‘rain primarily during the Ssummer months.
For runoff to be produced in the channcl thcre needs to be rain over a number of
consecutive days. This is because of thc soxI's requirements for moisture
replenishment before overland ﬂow can occur. Streamflow was inferred to flow
continuously down the channel past E-F, I-J, and Eenie firing sites, past the road to

Skunk Works into the discharge sink.

Once into the discharge smk. th : ﬂow spreads out into a braiding channel.
Here, for most of the streamfl . y

' fs region, all discharge infiltrates into
the subsurface and all sediment load is q¢positéd. It was observed that debris
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carried with the larger runoff events has the cabability to alter the direction of flow
within the discharge sink. This debris is composed of pine cones, pine needles, bark
and twigs, small pebbles and silt, and other forest litter and animal droppings.
Together it compacts to form a thick mat or side wall and can confine the flow by
forming lateral dams or terminal dams Fig 7 1. Existing shrubs provide foundation

support. These structures can serve to dnmmsh the velocity and facilitate infiltration.

They can contain a significant vol 1 1 wnal the largest debris dam observed
contained an estimated 4.25 cubic ‘meters of matcnal in the dithensions 4.6 meters
by 4.6 meters by 0.2 meters high.

There is evidence that flow has traveled through the discharge sink, which
covers an estimated 142,000 m2. As delineated in Fig 5.3 by elevated total uranium

concentrations and the presence of depleied uranium, there must have been

considerable flow into the dlschargc sink at T-2 to leave behind remnant traces of a

channel in excess of 1.2 m deep. 'I'hc 1965‘ac1’1a1 photo of the discharge sink (Fig
5.8) shows clearly an active channel through the entire length of the dxschargc sink.
The channel remnants which are prormncnt at T-2 are presumed to also exist at T-3.
The transect sampling was conductcd bcforc thc acrials were available. The boring
spacing in the vicinity of the 1965 channel xs 15 m, the channel is estimated to be
about 6 m wide; the absence in the Iﬁ\crpssggcuon in Fig 5.3 only means that this

channel was not intersected.
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Between 1965 and 1976 (Fig 5.9), the channel has filled in. The infilling of
the channel is postulated to have occurred as the result of a sequence of runoff
events. Average event sequences (which were probably smaller in magnitude that
event sequences in 1952, 1957, or 1968) had the capacity to move debris and
sediment downstream, but were insufficicnt to flow continuously over the sink.
Sequences of these events cvcnti;é.lly filled in the channel. Because channel cutting
was observed to have occurred in the past, and land use changes in the watershed
have been relatively minimal, there are no anthropogenic causes for channel cutting.
Climatic events and possibly active tectonism are expected which will cut a channel
through the discharge sink in the future. Channel cut and fill in this watershed are
assumed to be natural processes. ey

Downstream from the dlschargc smk flow resumes by coalescing overland
flow in multiple channels, to a smgle, well-deﬁned channel, Flow in this channel is
observed to reach the watershed boundary at State Road 4 several times a year.
Hence, the discharge sink serves to separatc the watershed into two sub-watersheds
for the majority of the time and has provided the detention location of sediment
sorbed uranium during the last 23 years. o =

Potrillo Canyon watershed is not xihiﬁue with respect to the presence of a
discharge sink. It is speculated that Mortandad Canyon, a small canyon which heads
on the Pajarito Plateau also contains such‘ an area as well as Caiiada del Buey, Fig
1.2. In Rendija Canyon, alluvial thiclmchés in excess of 12 m were recorded on the
downthrown side of a fault (or alrnost 6m greatcr than the downstream side) (Wachs

and others, 1988). In areas of acu ism and faulting, discharge sinks may be
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expected, even in watersheds enclosi;ig_ smalkl' areas, on the order of tens of square

kilometers or less,

Uranium oy
With the hydrologic foundéﬁén thus »cst’ablished, conceptual models of
uranium transport can now be cxammed _Coné.ider the following simple mass
balance. After a shot has been ﬁxiéd, there 1sa practice of picking up the largest
pieces of depleted uranium left ofi or 'n'czif the firing pad. This has been a careful
practice for the past 2 to 4 years. In'the past. largc fragments of depleted uranium

were removed from the firing pad but no ﬁ'om‘_ the surrounding area (Collected

fragments are sent to the radxoacuvc wastc dxsposal site at the Laboratory). Due to

nurnerous variables which changc thh each shot (e.g., configuration, size, purpose,

amount of high explosive used, etc ) % f ect the fragment size and distribution,

it is not possible to estimate the per;;c( of dg:plctcd uranium removed by this
practice. .
During a shot, there are ex t periods when the temperatures and
pressures are sufficiently great tc;'vo urinium. Uranium is, however, a very
reactive metal, and will react ncarly mstantanéously with oxygen present in the air to
form uranium oxides. These oxides form pamcles which (together with uranium
metal fragments) drop to the ground as fallout. Thcreforc it was assumed that the

uranium loss by gaseous transfer and dlspcrsal was negligible.

A rough calculation was madc fo ] crmmc the amount of uranium which is

currently co-existing on or attached 0 ﬂuvwl sedxment in the watershed today. Using

average concentration values of uranium in ﬂuv1al deposits presented in Chapter 3,
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Uranium Occurrence in Fluvial Deposits, and subtracting off background levels of
uranium, estimates were made of the uraniutn inventory in the channel and on the
banks, in point bars and alluvial fans, and thhm the discharge sink. Calculations
were made considering uranium concentraticns above background of: (1) 3 ppm
along the entire channel length and width to a depth of 0.1 m in the channel bed; (2)
3.5 ppm above background along the entire channel length on both banks extending
1 m from the bank edge and 0.1 m depth; (3) 7 ppm in an estimated 30 point bar
deposits upstream from the discharge sink; (4) 9 ppm in 2 major alluvial fans; and
(5) 1 ppm abovc backgroundin a 0.2 m de’pih profile within the discharge sink. For
each of these 5 regmns, soil masses were mulnphed by soil concentrations to obtain

uranium volumes. For the channel and bank segments, point bar deposits and major

alluvial fans upstream of the d15¢harge s& it was estimated that between 100 and
300 kg of uranium are present. Th1s _quannty represents less than 1 percent of the
estimated total uranium cxpcndim:é (35,600 kg).

Thus, it may be concluded that most of the uranium mass 1) is not tied upin
the channel sediments, 2) has already left the-watershed, or 3) remains on the firing
sites. Flow and uranium loss can occizr by vértical flow (infiltration) towards
groundwater in the discharge sink orv thfou gh horizontal flow (surface water) past
State Road 4. Infiltration and surface water losses are considered separately.

Examining the volume of umnium‘w.hich enters the discharge sink, there are
dissolved and suspended uranium components. Assuming an annual total inflow of
5200 m3 (Table 2.3) and an avcragc. dissolvcd uranium concentration in the Skunk

Works cumulative sampler of 1.86 pj ' (Chapter 4, Summer Runoff), then 9.5 g of

uranium annually are carried iﬁﬁ*,ﬂ;;,@x’ssg}y;cé phase (product of uraniuvm



concentration and runoff volume). 0vcr\45 ycags, this would amount to @an influx of
about 0.5 kg of dissolved uramum tzansportcdmto the discharge sink, or less than 1
percent of the estimated 35,000 kg §oufcc term. The average, annual suspended

sediment load was calculated by éssuming the suspended load to be 5 percent of the
average discharge. The 5 percent was based ﬁpon visual observations of the volume
of suspended sediment collected in the cumulative samplers. The average sediment

load was then computed from

Load = 0.05 (Qav){Event Duration){6 Evcnts/Y r)('y tuff)/ Watershed Area
=2,350,000 kg/km?/yr (6700 tons/mleyr),

where Qav is the average discharge (assizmcd to be half the peak dischaxge), event
duration was assumed to be 4 hours (T able 2.3) + tuff was the specific weight of
Bandelier Tuff (assumed to be 1.5 glcm’), and the upstream watershed arca
measured 3.25 km?, This pred:cted scdunem load of 2,350,000 kg/km?Z/yr (6700
tons/mi2/yr) exceeds published valnes. Leopold and others (1966) repoxted values of
35,000 kg/km2/yr (98 tons/mi2/yr) in a small 9.7 km2 (3.75 mi2) watershed near
Santa Fe, New Mexico, and reviewed other published sediment load values which
ranged from 1,050,000 to 1,400,000 kg/km?/yr (3000 to 4000 tons/mi2/yr), Using a
range of 35,000 to 1,400,000 kg/km?Zfyr (100 to 4000 tons/mi2/yr) anct multiplying
by an average suspended sediment uranmm conccmmtion of 8.01 ppm (Chapter 4,
Summer Runoff), the average annual ummum influx into the discharge sink ranged
from 1 to 36.5 kg/yr. This range of sedunent load was compared to observed
sedimentation rates in the discharge sink, which ranged from 0.75 cm/yr to nearly 3
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cm/yr in the center of the active channel. The sediment load producing these rates

was computed from

Sediment Load = Sedimentation Rate in the Discharge Sink (y tuff)/Watershed Area
= 650,000 kg/km2/yr (1866 tons/miZ/yr) for a rate of 1 cm/yr
= 2,000,000 kg/km?/yr (5600 tons/miZ/yr) for a rate of 3 cm/yr,

where the area of the discharge sink is estimated to be about 142,000 m2, Thus the
range of 35,000 to 1,400,000 kg/km?/yr (100 to 4000 tons/miZ/yr) is the correct
order of magnitude estimate. Hence, the combined dissolved and suspended

sediment influx to the discharge sink over a 45 year period constitutes 0.13 t0 4.72

percent of the 35,000 kg uranium source term.

Addressing the surface y cs past State Road 4, if large volumes of

depleted uranium had exited the watershed by surface water transport past State
Road 4, a depleted uranium sxgnaturc would remain m the sediments in the lower
half of the watershed. Because there is little depleted uranium observed in sediments
in the channel, banks, and floodplain downstream of the discharge sink and inferred
little to no movement out of the discharge sirnk over the last 23 years, it is assumed
that most of the uranium must remain inﬁhc watershed.

Considering the dissolved uramum transport by surface water, a second
calculation was made to determine Wh‘at,thc concentration of uranium in runoff
water would be if all the uranium,cxpénded were uniformly dissolved in

precipitation on an annual basis. Considering 0.5 m of precipitation annually, and
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assuming that 80 percent of the precipitation is lost to evaporation, transpiration, and

infiltration, then,

Dissolved Concentration= 35,00C kg/(0.2)(50 cm)(7.8 km?)(45 yrs)=1 ppm.

A dissolved concentration of on  an underestimate because not all
precipitation contacts the uramum, expoc c‘dvconccntrauons would be even higher.
This dissolved concentration of 1 ppm cxcecds observed dissolved uranium
concentrations in runoff water by 2 to 3 or_dcrs of magnitude. Clearly, high dissolved
uranium concentrations in surface kwater are not observed and dissolved transport in

surface water is not a main uranium transport mechanism.

Using these calculauons,ym " gument that most of the uranium mass has left

the watershed either by movcment into the dischargc sink or by flowing out the

watershed at State Road 4is rcjectcd. Calculanons also showed that the fluvial

sediments in the watershed coht_ax small pcrccnt (less than 5) of the expcnded

mass. The only plausible Jocation for the remammg uranium is at or near firing sites.
Returning to the EG&G radiological flyover results, it was estimated that
between 4 and 23 Curies of Pa-23

1€d at E-F, I-J, and PHERMEX firing
sites, depending on the vcrtxcal dxstnbuuon (EG&G 1986). The assumption of
equilibrium between Pa-234m and uramum-’338 is reasonable because the half-life
decay from uranium-238 to Protacumum is short, on the order of about a half year,
whereas the half-life of uramum-238 is long, on the order of 4.5 X 107 years.
Equilibrium means the activities of Pa-234m and uranium-238 are equal; then an

estimated 4-23 Curies of uranium rcnmn _,at these 3 firing sites. Multiplying Curies
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by 3.003 X 105 to convert to'kilogmms, the amount of uranium still remaining at
these three firing sites is calculated to range from 12,000 to 63,000 kg which

brackets the estimated 35,000 kg uranium expended in Potrillo Canyon. Uranium

was shown to be transported by surfacc k}yaterk_ in Potrillo Canyon watershed, but most
of the expended mass (source tcrm)1s behcvcd to still reside at or near firing sites,
with the most uranium mass at E-F ﬁrmg site,

Consider this hypothesis from another viewpoint. If all the 35,000 kg of
uranium were situated at E-F, I.J, and PHERMEX firing sites, then what magnitude
of soil concentration would be cxpcctedh?v If it is assumed that the contaminated area
at E-F firing site is 17,000 m3, at I-J firing site is 4250 m3, and at PHERMEX is
4530 m3, with a uniform contamination 10 0.6 m depth at the three sites, the

contaminated soil volume would be about 26,000 m3. Hence,
Soil Concentration= 35,000 kg/ (26,000 m3 * 19g/cm3)=72 ppm,

and 19 g/cm3 is the approximate spccxﬁc weight of uranium. Unpublished surface

soil (top S cm?) studies, condu ii)bmtory by the Environmental Sciences
Group in February 1985, gave é’ofncentranén;s»of uranium ranging from 408 to 3359
ppm by weight at E-F firing site. Unpubhshcd surface soil and core data, collected at
PHERMEX firing site by the Laboratdfy's Eﬁvimnmental Surveillance Group during
1987, gave uranium concentrations ranging from 560 to 4580 ppm uranium by
weight. Concentrations in depth samples ran ged from 2 to 75 ppm by weight down

to 3.7 m; the largest concentrations were in the uppermost 0.6 m. Therefore, an

average soil concentration of 72 ppm is consistent with measured concentrations at
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firing sites. A second conclusion from this comparison is that the original estimated
source term of 35,000 kg may even be slightly low.

Returning to the issue of uranium transport, it was demonstrated that
dissolved uranium concentrations m surface water are low and represent a very small
percentage of the expended uranium mass. A corollary could be posed. What is the
potential for dissolved uranjum transport vertically into the soil profile? Leaching
investigations, Chapter 4, simulﬁte the ﬁ;dyémcnt of uranium from the particulate
phase into the dissolved phase v;{hen't!‘xe Evaﬂable water, rainwater or streamflow, is

undersaturated with respect to urz

¢Is of uranium in soil on the order of 1 to
10 ppm by weight were observed to produce uranium concentrations in the dissolved
phase on the order of 1 to 10 ppb. The the rano of the activity in the solid phase per
unit mass of solid to the activity in solution per unit volume of solution is known as
the partition coefficient. The leachiﬁg investigation determined a partition coefficient
of 750 for channel material composed of weathered Bandelier Tuff. This result
compares to published values ranging f;ﬁ;ﬁ;'about 110 20 for Yucca Mountain
Nevada tuff core samples (’I‘homas ‘ | 987). 'I‘hc determined partition coefficient may
be high due to uranium sorbed ohto kt_‘li‘ekcc‘mtﬁincr walls (not measured), and due to
the fact that the activity in the solid phASc_was determined by mass balance rather
than analytically. Equilibrium, dcﬁnedto bc the state when uranium ceases to leach
from the particulate into the dmssolved phase or vice versa, was seen to be attained in
about 24 to 48 hours time for both hxgh and low initial uranium levels in soil.

How can this result be apphed to uranium movement in the watershed? At
firing sites, high uranium concentrations are believed to be present in the surface soil

layers and at shallow depths. When rain or snowmelt infiltrates into the soil, uranium
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can leach from the particulate phase into the dissolved phase. The leaching studies
showed that equiﬁbrium between the solid and dissolved phases required 24 to 48
hours. This time restraint for dissolution is mct‘under field conditions when moisture
is retained in the soil profile following a rainfall event and certainly during snowmélt
conditions. However, the volume of rainfall at firing sites is limited due to the small

overland areas which drain onto ﬁr'mg sites. E-F I-J, PHERMEX, and Eenie firing

sites are all located on mesa tops near the cdgc of the canyon, and the mesas are

narrow; therefore the contnbutmg 'are, , 'hmxtcd As a result, the volume of water

from rainfall available to infiltrate at thcse ﬁnng sites is relatively small. Even dense
snowpack is believed not to mﬁltrat: tg g_n:at dcpths on the mesa tops. Moisture
studies on other mesa tops at the Laborétory showed that the dowaward movement
of moisture from rainfall was impeded or stopped at the soil-tuff transition zone. In
this study the equivalent of almost 50 ycéxs of precipitation was applied over 99 days
into an infiltration pit on a mesa top. Moisture penetration through a 1.8 m soil

profile and into 0.6 m of the underlying tuff were observed (Abrahams and others,

1961). Hence, it is hypothesized that r_noisture infiltrates into the soil at firing sites

and dissolves a great deal of uranium, but uranium movement in the dissolved phases
is probably limited to the upper 2-3 m of the ‘soil profile because of the competing

evaporation gradient. Depth sampling at E-F firing site would aid in testing this

hypothesis.
The hypothesized picrurc’;b ‘uranium transport in the vertical direction in the

discharge sink differs from the firing éités v&ucio the difference in applied water

volume. The discharge sink is the locus for nearly all runoff from the entire upper

portion of the watershed. It was shown that annual water volumes into this region

B
Ry B
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can be thousands of qubic meters (Table 2.3)7 Data from the infiltration studies
(Chapter 2) support the hypothesis of rapid v’c;dcal movement of water through the
discharge sink to deeper levels. Neutron moisture measurements were taken in a well
at the upstream end of the dischargc sink the day after a runoff/infiltration event, but
still couldn't record moisture front mqyeiﬁent, vertically due to large downward
Darcy velocities. Published sannatc:.d‘hydr.aulic conductivities at nearby locations
support a rapid vertical movement (c.g., measured saturated hydraulic conductivity
in upper, middle, and lower Mortandad Canyon alluvium ranged from 7.6 to 141
m/day (Purtymun, 1974)) Informal mfiltrauon studies made in the main channel
near Skunk Works gave mfiltrauon rates ovcr 280 m/day. All these data, both direct
and indirect, support the theory of i ry’_:‘::_dpx(d vemcal moisture mcvement in the
canyon alluvium. o

The dischargé sink is a region of significant uranium detention. Although
most uranium concentrations in soiithcre are ;ﬁghdy above background, there are
small pockets of high uranium concentrations, and cacl.l runoff event adds more
uranium. Vertical movement of large volumes of surface water through the
contaminated sediment deposit can potcnnany dissolve significant quantities of
uranium, which percolate downward to thc watcr table or to deep (buried) layers and
adsorb. This process could provide the key mechanism for uranium transport out of
the watershed. ; : | |

A final calculation was performcd tb'g:stixnate the annual quantity of uranium
dissolved by runoff into the dxschargesmkand transported out of the watershed
through infiltration and vertical movemcnt.'i‘hc uranium concentrations in the
individual size fractions of dischaf'gé‘;é’d‘i‘rhcms (Table 4.6) were used together with

AN
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a partition coefficient (Kp) to compute the uranium concentration in the dissolved
phase for individual particle sizes. The individual dissolved phase concentrations
were summed and multiplied by the measured total inflow of 5300 m3 (Table 2.3).

The annual uranium dissolved in the discharge sink was computed to be:
Dissolved Uranium = (12.68 pg/ml) (5300 m3) = 67.2 kg.

This value cxcccds the annual uranium influx, estimated to range from 1 to

36.5 kg/yr. This calculation madc thc followmg assumptions: 1) an annual inflow of
5300 m3, whereas the annual mﬂow may bc(ek'grcatcr or less, depcndmg on the
individual year; 2) instantaneous ethbnum between the liquid and solid phases
which has not been proven for th:s solute and matcnal and whxch (based upon the
time to equilibrium of 1-2 days in thc lcachmg studies) is inaccurate for an
individual runoff event but may be reasonable over the timespan of a year; and 3) a
uranium Kp, value of 5 ml/gg; was used in :he calculation, which is an average
value in Thomas' data (1987). The leaching studies in this investigation suggested a
Kp value ranging from 750 to nearly 5000 (dependent on the grainsize); there is
concemn about using this value since the i;ra.niixm adsorbed onto the container walls
and final uranium concentration in the soil fraction were not analytically evaluated.
Kp is expected to be sensitive to factors such as grainsize and surface area, agitation
rate in the batch experiment, pH and EH, mmal soil concentration, temperature and

pressure. The dissolved uramum"’

‘nce auon computed varies inversely with Kp,.
Without further evaluation of théappropnatc Kp in this particular sediment and

setting, the estimate of dissolved uranium moving vertically out of the discharge sink
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should be used carefully and cautiouﬁly. As the influx and efflux computed are of the

same order of magnitude, there appears to be no net uranium accumulation in the

discharge sink, and perhaps even a net decrease in uranium with time.




CHAPTER 8
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

This investigation initially focdsed on an evaluation of the amount of
uranium transported in the dissolved and suspended sediment phases of runoff
during the spring, summer and fall seasonsm order to assess the transport and fate of
uranium associated with dynamie weapons testing. Evaluation of uranium movement
required consideration of three topicéi the iocation of the uranium source term, the
watershed response to precipitatio\n, and the dynamics of sediment and contaminant
transport. “
L ion of the Urani

Uranium usage in the wziiershed was compiled from historic data. Uranium
had been used at E-F ﬁnng site smcc the mxd 1940's. Operanons using depleted
uranium began at, I-J firing site in 1949 at Eeme and Lower Slobovia in the early
1950’s, and at PHERMEX in the early 1960'5. When field investigations began 7
years ago, it was unknown exactly how much uranium had been expended, how
much natural uranium and depleted urfmidm was still resting in close proximity to
the firing pads, the amount trapped in the canyon sediments, and the amount released

out of the watershed into the Rxo Gran e. Uramum expenditure by firing site has not

been compiled; therefore the exac mag) ‘yof the source term is still unknown.
An aerial radiological survey ﬂown in 1982 by EG&G over the upper third of

the watershed indicated that consxderable Uramum—238 remained in the soil profile

216
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surrounding E-F, I-J and PHERMEX firing sites, as inferred by the calculated
concentrations of Pa-234m, a metastable daughter product of Uranium-238. The
surface soil inventory in Potrillo Canyon watershed and the sampling of channel and
bank deposits, point bars and alluvial fans in this study indicated that elevated levels

(above background) of depleted and natural uranium exist in these fluvial deposits,

though generally at relatively Iow levels oﬁipared to those in the vicinity of the

0 n;énium do not appear to have left the

firing sites. Further, significant mount
watershed as the quantities of depletcduramum present in the lower half of the
watershed are small compared to the Quanﬁﬁes in the upper half. Calculations
strongly suggest that significant quantiﬁes of wranium still remain in close proximity
to the firing sites, or have been transported in the liquid or solid phase to the
discharge sink and have infiltrated, having leached from the sediments, and
percolated downward to the water tablc or to decp (buried) layers and adsorbed.
Exxstmg records indicate thata largc quanuty of uranium, up to 45,000 kg, was
expended in the watersheds of Pomllo, Pajarito and Watcr Canyons between 1943
and 1953. This represents onc-thxrd to one-half the total estimated expenditure at the

Laboratory. In the opinion of employccs who worked at the firing sites during that

quannncs of uranium were fired at E-F
site. Based upon this opinion, the 1 the EG&G radiological flyover,

calculations and comparisons w1d1hm1tedsamphng at E-F firing site, it appears that
the largest expenditure of natural and déplétcd‘ uranium was made at E-F firing point

and that there is still a considerable quantity ‘'of uranium remaining in the vicinity of

E-F firing site today.
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rsh n ipi .

Watershed response to precipitation and snowmelt was determined from
observations at locations throughout the watershed and by direct rainfall and
streamflow gaging in the canyon below I-J Firing Site and near the road crossing to
Skunk Works. _

Snowmelt runoff did not occur each ycar The following conditions appear to
determine the occurrence of snowmclt runoff ‘1) normal to heavy snowfall during
the winter, greater than or equal 130 cm (Bowcn 1990); and 2) normal to heavy
snowfall relatively early in the wmtcr, dunng the months of December, January, and

early February. Both criteria mcorporate thc cffccts of snowmelt losses due to
evaporation, sublimation, and mﬁltmuon Whan snowfall is relatively light, the snow
can melt and evaporate, or subhmatc, or melt and infiltrate into the soil surface
without producing sufficient overland ﬂow or mterﬁow to create flow in the main
channel. When snowfall occurs relanvely late in the winter season, during latc
February, March, and April, warm daytxmc temperatures enable the snow to melt and
evaporate, or melt and infiltrate into the soil and not produce sufficient overland
flow or interflow to create flow in the mam cﬁannel When flow does reach the
channel, it may infiltrate into the channcl bed locally without producing widespread

channel flow. Sufficient and carly snowfall lnch did produce stream runoff was

observed to create very low dxscha;ge yxth;dcp,ths on the order of centimeters.

Runoff was observed to begin in Marchandcontmue into April and May.
Precipitation during the spnng,snmmcr, and fall seasons results in a very

different runoff pattern. During the moﬁsoqh season (summer), rainfall occurs nearly

every day. The cumulative runoff samples and the continuous rainfall and diéchargc
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monitoring showed that every rainfall event in the watershed does not produce
runoff. For example, during 1990 there was three weeks of nearly daily rainfall
before the first runoff event occurred. Soil moisture requirements appear to be very
important in controlling the occurrence of runoff. Only after soil moisture
requirements are satisfied will overland and channel flow begin.

Once soil moisture requirements are met, there often does not have to be an
abundance of rain to create runoff. In 1990, rainfall amounts between 10 and 21 mm
produced runoff events at the I-J gage, and amounts between 8 and 25 mm produced
runoff at the Skunk Works gage. 'I'he Skunk Works gage recorded 18.29 mm of rain
on September 6, 1990, and 17. 78 mm of ra.m_,on September 28, 1990, but neither

event created measurable runoff m ¢ char nel Corresponding to those dates, the I-J
gage recorded 10.67 and 20.32 mm of ramfall and runoff was produced both days.
This difference appears to reflect shghtly more rain at the I-J gage during the month
of August and more days of rainfall at I-J gage preceding those rainfall events (i.e.,
higher soil moisture). . '
Response to rainfall in the form of runoff, when it occurs, can be very rapid.
The time to hydrograph peak at I-J gag:ckrangcd from 7 to 66 minutes and from 14 to
31 minutes at Skunk Works. At Skunk Works on July 22, 1990, the 31 minute time
to peak occurred 41 minutes after it began raining. The hydrograph duration was
short, just under 4 hours, with a hydtogféph volume of nearly 3800 m3. Other
hydrographs measured during 1990 wcic nét as dramatic in shape and duration.
Nevertheless, hydrographs in thi»si’Wéterﬁkhjéd;have been seen to peak rapidly and have

relatively short time bases. By ci; ari thxs hydrograph with the one produced at

the I-J gage for the same event, it"\%./‘asf’ c#tixfxiated that channel infiltration losses
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between the two gages was large (about 60 percent of the runoff yolume measured at
1-J site was lost before reaching Skunk Worké, a distance of little more than 3 km).

ics of Sedji ntami

Investigations were undertaken to undl:rstand the main modes of uranium
transport in Potrillo Canyon watershed. Fallout studies during 1984 and 1985
showed that airborne transport and wind redistribution were not significant uranium
transport mechanisms. Had airborne transport been significant, one would expect to
see uranium in elevated conanuaﬁons in fallout samples. Instead, in nearly every
instance the concentration of uranium in failoﬁt samples was within the levels of
uranium observed in particulate samples collected within regional northern New
Mexico. Airborne transport would rcSulg m a widespread contamination of surface
soils in the prevailing wind dixcction away fmm firing sites. This was not observed
in the surface soil collection data. Instead. elcvatcd levels of uranium and the
presence of depleted uranium were obscrved in surface soils in surface water runoff
pathways away from firing sites. Elevated uranium levels were continuously
observed in the dissolved and suspénded sediment components of runoff waters
resulting from precipitation and snowmelt events from 1983 through 1990 in channel
runoff collection samplers downstream from firing sites. These investigations have
shown surface water runoff to be the predominant mechanism for the transport of
total and depleted uranium in Potrillo Cahyon watcrshed Airborne transport and
redistribution is not important as a transport mechamsm

Hydrologic i mvcsnganons bcvan m 1983 with the installation of 5 cumulative
runoff samplers in the channel along the lcngth of the watershed. After each rainfall

event, each sampler was checked, removed if it contained water, and replaced.
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Runoff samples were analyzed for total uranium in the dissolved phase and for total
uranium and the uranium isotopic raﬁé of U-QBS to U-238 in the suspended sediment
phase. Analyses of runoff samples overan 8 yéar period showed a systematic decline
in uranium in both thé dissolved and suspendéd sediment componénts of runoff with
distance downstream from the top of the watershed.

After nearly 5 years of collection duﬁh g the spring, summer and fall, there
were a sufficient number of runoff events to distinguish a pattern. For the majority of
rainfall events, a runoff sample was collected in the upper half of the watershed: at
E-F, I-J (after it was moved into the main channel), Eenie, and at Skunk Works.
Most of the time, the sampler at State Road 4 was dry. Sometimes, there was water
at State Road 4 but in none of the other samplers. There were a few instances when
there was a runoff sample in each of the cumulative samplers implying that there

were occasional runoff events that crs dthe entire length of the watershed.

Closer examination of the records of ¢ re sampler filling f£equency suggested

a discontinuity in streamflow betweer nk: ‘Works and State Road 4 cumﬁlativc
samplers. Consequently, the sanipﬁh{gi:‘séhenférWas modified to test this condition.
Discontinuity of flow over the length of a watershed is not unusual in semi-arid and
arid basins; however, it was not expected to be present on a small scale (watershed
area less than 8 square kilometers with an average (steep) gradient of about 3
percent). _

The channel from the Skunk Works‘foad toward Lower Slobovia revealed a
reason for a flow discontinuity, The channelit'ransformed from a well-defined, sand-

bottomed channel bed with relatively stable banks into a braided channel sequence,

which subsequently diffused into a IandScapc of shrubs, trees, and grasses. Here it
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was impossible to delineate a constant ﬂéw path. This section continued for another
0.5 km downstream, where there was a tmnsitipn to several well-defined subparallel
channels which coalesced into a single channel within a short distance. These
channels, which began at the canyon floor anid abruptly dropped into the single
channel bed, at first appeared to be headword erosion products (headcuttings); later it
became apparent that they were manifestation of the beginning of channelized flow
at the headwater of the downstream subWatcrshed. Based upon these observations,
the followmg conceptual watershcd modcl is hypothesxzzd the reach where the flow
path could no longer be dzsungmshed is a regmn where streamflow spreads out and
infiltrates into the substrata, is an area of mcn:ascd sedimentation and infiltration,
and therefore is a region of sxgmﬁcant uramum detention. This region is called a
discharge sink, as flow infiltrates and sedlmcnt deposits. The discharge sink would
perform as an interface between the th sub-watersheds within Potrillo Canyon
watershed. Upstream from the diséha:gc,gmk'(upsuem subwatershed), precipitation
events would create runoff and flow which travel down the main channel into the
discharge sink. There the flow would secp into the canyon alluvium, and drop its
sediment (and contaminant) Joad. Flow out of the discharge sink, would occur in
response to infrequent prccxpnanon event sequences. Downstream from the
discharge sink, contributing area overland flow would collect and grow until
channelized flow could be sustained. This flow from runoff in the downstream
subwatershed would continue doWnstrca;xnr collecting in the sampler at State Road 4.
hed is

Flow in the downstream sub-wa gzﬂly not produced from daily, summer,

orographic precipitation events which move from west to east across the watershed,

while dropping rain which causes runoff at the E-F, I-], and Eenie samplers. Flow
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would most likely occur in msponsc to the la:gc-scalc storms whose sizes are on the

order of several hundred kxlomet 5, 0 from storms which come into the area from
an eastward direction when, for examp}c:n wﬂl rain in White Rock, but not Los
Alamos (Fig 1.1). Consequences of this conceptual watershed model are: 1) the
discharge sink is an area of increased sedimentation; 2) the discharge sink contains
significant amounts of uranium absbrbcd on the surface soils and with depth; 3) there
are rare instances of surface outflow from the discharge sink; 4) leaching and deep
percolation transport uranium (disSolVéd phase) to the groundwater or to adsorption
by deeper strata; and 5) only small amounts of uranium are associated with the
fluvial sedlments downstream. - k |

The sedimentation history in the discharge sink over the last 45 years was

relatively easy to distinguish bccause dcplcted uranium creates a umque signature.

Transect data from T-2 near the upstmam end showed very rapid sedimentation. The

measured rate of nearly 3 cm/yr' ;of the channel compares to some of the

most rapid sedimentation rates d cumented i the literature, At a depth of 1i7 cm
the bottom of the depleted uranjum dcposxfs was not reached. Depleted uranium was
widely distributed across the canyon floor at T-2. Sedimentation rates, ranging from
0.2 t0 0.74 cm/yr, were obtained'_across the éanyon using data from tree cores and
sediment-accumulation atop tree-crowns.

Transect T-3, near the downstream cnd of the discharge sink, showed
depleted uranium deposits across ;iie canyonﬂoor but at much shallower depths
compared to T-2. This result irnplies that few flows had traveled downstream to T-3.

The levels of total uranium at T-3 were less than at T-2. There was evidence that the

channel had traveled across the canyon floor spatially. It was clear that in the past
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there had been flow through this area, but it appeared to be of smaller magnitude,
carrying smaller concentrations of uranium, and occurring less frequently.

The trench located upstream from T-3 transect provided a similar picture to
T-3. Cut-and-fill structures across thc“c’an&on floor and the presence of depleted
uranium in some of these structures unphcd that the channel had been active
spatially across the discharge sink ydu'ring'tht: last 45 yeafs. The relatively low levels
of uranium and limited vertical cXtcnf provided further evidence that the magnitude
of the flows wfxich created those former channels have been small during that
timeframe. That all the channels were buricd, and the lack of any present channel
indicates that this section of the reach has not been active for some period of time.
The inferences from the aerial pfxotogxiphy corroborates that breakthrough out of the
discharge sink has not occurred in the last 23 years.

Transect T-1 at State Road 4 showed no depleted uranium in any of the
borings. Uranium analyses of the bank samplcs and the grain size - analyses of bank
samples both confirmed that there was no deplcted uranium down near State Road 4.
Channel sediments displayed the same result except in the silts and clays. These
results support the hypothesis that uran;um and water movement out of the discharge
sink was not occurring during every runoff event, or even annually.

The textural maturity of the sediments through the length of the watershed
provided indirect evidence that the discharge sink was an area of sediment
accumulation. Textural maturity for a deposit was defined by a percentage of
silt/clay less than 5 percent; a tcxmraily immature deposit can indicate proximity to
the parent rock source and impli'cs‘lowﬂoy«_vevlociﬁcs (Folk, 1968). The percentage

of silt and clay was bimodal in samplcs collected along the watershed length: there
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were peaks near the top of the watershed and at the downstream end of the discharge
sink. If there were active, relaﬁVély fmquént Vﬂow through and out of the discharge

sink, one would expect the pcr(:;' tage of sxlt and clay to decline uniformly through

the length of the watershed. Th e m texturally immature sediments
downstream of the discharge sink is cha.racténsuc of close proximity to a watershed
divide, indicating the presence of a sccond or subwatershed.

The information obtained ﬁ‘om thc crest stage recorders provided further
evidence that there was not regular outﬂow from the discharge sink. The recorder
downstream of the discharge smk d1d not mdacate flow until the end of 1990 (which
was determined to come from a ncw constmcnon site adjacent to the discharge sink),
suggesting there was no flow out of the dxscharge sink during 1988, 1989, and 1990.
Whereas 1990 was a year of averagc total prccxpltanon (475 mm), 1988 recorded 30
percent greater precipitation that thc mcan (61 8 mm). During each year, there were

large-sized flows which enteredkthe dJschargc sink. There was no record of outflow
or underflow through the discharge ‘

sink at thxs downstream crest stage recorder.

Historic precipitation re amined to locate 1ainfall sequences

which may have created suffic reak through the discharge sink. The
Antecedent Precipitation Index was cmployéd for the period of record 1910-1990.
Years 1952, 1957 and 1968 were 1dcnnﬁed as possible candidate years post World
War I during which there may have b&n streamflow through and out of the
discharge sink. Aerial photogmphy supporte,d this hypothesis.

Investigations were pcrfozmed to dctermmc the cause and location of the

discharge sink. A number of methods werc mcd A shallow seismic refraction survey

proved successful. A fault w1th 9 m of vemcal offset at the upstream end of the
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discharge sink combined with a nearby buried ridge were delineated. It is believed
that together these features prcfcrchtially enhance deposition and infiltration in this
region of the watcrs;hed.

The discharge sink in Potrillo Canyon is postulated to be a prime region of
recharge to deep groundwater on the Péjafito Plateau The analyses of the 1990
hydrographs along with visual observanons was mtcrpreted that an estimated 5200
m3 infiltrated i into an area less than 70 000 m2 (infiltration occurred in less than one-
half of the total discharge sink) in a period of hours. The rapxdxty of infiltration
permitted the assumption of small loss‘cs‘to evaporation and transpiration. Moisture
measurements in wells in the discharge sink did not record significant increases in
moisture content in the alluvium to 15 m depth. Therefore, it is hypothesized that
discharge which enters the discharge sink percolates downward towards deep

groundwater,

Simple mass balance cal_éi:l}gt‘ioné were performed to account for where the

uranium is located. Concentratidxi;:’i‘n the ﬁﬁrface and depth profiles and the aerial
radiological survey of soils at E-F, i—J and PHERMEX firing sites can account for
the entire estimated uranium mass of ,y35,()00 kg. The amount of urénium present in
fluvial sediments in Potrillo canyon is cstiiharéad to represent between about 1 and 5
percent of the 35,000 kg. Surface water, has been shown to transport relatively low
concentrations of uranium with final dctcnuon in the discharge smk for the past 23
years. Uranium movement out of the discharge smk into the lower half of the
watershed was shown to be small. Uranium transport in the dissolved phase is
probably occurring by infiltration through contaminated sediments at the firing sites

and the discharge sink. This mechanism has the potential to wransport uranium in the
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dissolved phase towards groundwater, or transfer uranium to deeper strata, where it
is absorbed. The vcmcal movement of dzssolved uranium provides the. kcy transport

mechanism to remove total and depleted uranium out of the watcrshed.

Conclusions . :
1. Airborne transport and wmd redistribution of uranium is not an important
transport mechanism in Pdu"illo‘C:anydh watershed.

2. Surface water transports uramum in the dissolved and suspended sediment

phases. Uranium conccntra ]

‘both phases decline with distance
downstream from the top ‘o;f h t ‘
3. An estimated 35,000 kg of uramum was expended in dynamic tests in
Potrillo Canyon watershed from 1943 to the present. Over half of the
expended mass is believed to havc becn fired during the period 1943 to 1953.
4. Nearly all the expended uranium inventory is thought to remain in surface
soils and in the depth profilc near thrcc firing sites: they are E-F ﬁrmg site, I-
J firing site, and PHERL(EX ﬁnng sm:

5. Surface water flows dxsconnnuously in Potrillo Canyon watershed. There
exists 2 142,000 m2 area near the Lower Slobovia firing site called a
discharge sink. Here all ﬂow mﬁltrates and the sediment and contaminant
load drops out. The dascharge smk scrves to detain uranium and separate the

watershed into two sub

6. Consequences of the dxscharg ink are 1) the discharge sink is an area of
increased sedimentation; 2) it contams significant amounts of uranium

adsorbed on the surface soils and with depth; 3) there are rare instances of




228

surface outflow from d:e‘dirschargc smk; 4) leaching and deep infiltration
transport uranium (dissolved phase) to groundwater or to adsorption by
deeper strata; and 5) onl& ksmaillA ’a‘mobux;ts of uranium are associated with the
fluvial sediments downstrea’mf S |

7. Sedimentation rates were determined in the discharge sink to range from
0.2 cm/yr on the margins té ncarly 3 cm/yr in the active channel at the
upstream end. T

8. Using a running antecedent precipitaﬁon index on daily precipitaton
records from 1910 to 1990, in concert with aerial photography, it is
hypothesized that there has been no outflow from the discharge sink since
1968. R

9. The probable feature whxch creates the discharge sink is an underlying
fault, below the alluvmma.t the upstmam end of the discharge sink, having a
9 m offset. A nearby bunedndgc, also below the alluvium, may also be
contributing to the location and dynamics. |

10. Leaching studies of uramum aftaéhed to channel sediments showed that
uranium readily leached into thé'diﬁs_olved phase. A partition coefficient of
750 was determined. Ethbnum ﬁbtween the dissolved and sediment phases
was determined to range bctwecriA24 and 48 hours.

11. The key mechanism for transj;éning’ uranium out of the watershed is by
vertical transport in the dissolved phase. Water infiltrating through
contaminated deposits can percolate downward and transport uranium to
groundwater or to be adsorbed onto deeper strata. Prime locations in the

watershed for this to occur is at firing sites and in the discharge sink.
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12. The discharge sink in Potrillo Canyon is a prime location of recharge of

deep groundwater on the Pajarito Plateau.

Recommendations

Future studies which would enhance this work, and provide closure on the

transport and fate of uranium in Potnllo Canyon would include the following:

1. Conduct spatial and depth sampling for uranium at firing sites in the
watershed to aid in quantifying actual amounts of uranium remaining at firing
sites and improve estimates of the 1 tal mass of uranium expended.

2. Install vertical monito

it in the dischargc sink to evaluate the
uranium concentration associ ted m’mﬁltraung moisture fronts and to
provide a better estimate of thc volumc of moisture moving vertically.
Equipment might include plczom:tcrs, tensiometers, or gypsum blocks, and
be configured to collect and store data:independently. Determine field values
of unsaturated and saturatcdhydrai:lic conductivity in the discharge sink to
provide quantitative values to aid in flux estimates and vertical moisture
modelling, Sl

3. Continue streamflow and ramfall gaging at the Skunk Works location.
These records are extremely useful in reconstructing the hydrologic budget.
4. Continue cumulative sampler collection of runoff at State Road 4 to
provide a continuous record of surface water quality (uranium concentration)

at the Laboratory boundary dnd 1dcnt1fy and document contaminant

movement should it occur:
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5. Stabilize the downstream end of the discharge sink to prevent future
escape of uranium. Const?ué;i_on bf: orn-stream sedimentation ponds
downstream from the sink would be one method. The new construction of
Pixie at Lower Slobovia has created a'bypass channel which parallels the
discharge sink axis and enters the main channel downstream of the discharge
sink. The flow from this bypass channel should be sampled and evaluated for
uranium contamination. In addiﬁqn,lthis bypass channel should be evaluated
in terms of its potential for,_dest:abil’i"z\ing the downstream end of the discharge
sink. If this potential exists, thcn die bypass drainage should be modified to
prevent destabilization. o

6. Conduct further investigations on the partitioning of uranium between the
solid and dissolved phases mcludmg equilibrium and kinetics modelling, and
additional experiments to esumatcthe quantity and rates of exchange
between the solid and dis#ql\};_(;l phasqs

7. Conduct modelling inyeéﬁg;;iqgs on the flow and sediment transpbrt
through the watershed to obtaxna bemer understanding of the discharge sink
and its stability. )
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