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The hyidrology and the chemiczl and radiochemical quality of
surface and ground water at los Alamos, New Mexico,
January 195€ through June 1957
By

John H. Abrzhars, Jr.
Abstract

This is the third of a series of reports by the U.S. Geological Survey
describing the hydrologic conditions in the Los Alamos area. Los
Alamcs, in north-central Nev Mexiecc, is on the Pajarito Ploteszu, which
is formed by the Bandelier Tufi of Pleistocene age.

Several holes 11 to 73 feet deep were drilled in lines across the
middle znd lower reaches of Pueblo Canyon near where the canyon cuts
the conglomerate underlying the tuff. Water perched in tke alluvium
and within the conglomerate was sampled.

Acid and Pueblo Canyons were the major disposal areas for radio-
active waste effluents for the period of investigation. Most of the
radiocactivity in liquid wastes discharged into Acid Canyon were retained
in depcsits within one foot of the upper surface of the alluvium and
did not reach Pueblo Canyon. The chemical quality of surface and
ground water improved downgradient in Acid Caﬁyon and Pueblio Canyonsc

due to dilution by storm runoff and by treated sewage effluents.



Streanflow in Pueblo Canyon and changes in water levels in the
wells that tap the alluvium in Pueblo Canyon are the result of preci-
pitation and discharges from the waste and sewage treatment plants in
Acid and Puebtlo Canyons. Changes in water levels and the quality of
water from the shallow test wells indicate hydrsulic interconnection
between the agquifers and surface water in Pueblo Canyon. The slight
decline of water levels in the deep test wells may be due to a
long-term trend.

The quality of water from the supply wells in Los Alamos and -
GuzaJje Canyons is good, and water levels are relatively stable. There
are slight differences in the quality of water from different wells.
The concentration of dissolved solids in samples of water from springs
downgradient from the Acid-Pueblo Canyon disposel system was somewhat

higher than in samples from other springs in the Los Alamos area.



Introduction

This report describes hyirologic conditions in the Los Alamos area
during the period January 195¢ through June 1957. It is the third of
g series describing the effectﬁ of iaste di;posal at Los Alamos (Abrahams,
1962), and was preparsd in cooperation with the Atomic Enerzy Commission
and the University of Celifornia, Los Alamos Scientific Laboratory.
Many of the data and conclusions hereln are similar to those described
for the period 1949 through December 1955 (Weir and o>thers, 1962).

The general geology and hydrology of the Los Alamos area have
been describved by Griggs (1964). The physiographic featurcss of the

Los Alamos area are shown sjun figure 1, and the stratigraphic relations

Figure 1l.--Generalized map of the physlographic features of the
+ Jemez Mountain region, New Mexico, and sampling stations on

the Rio Grande and Rioc Chama.

-

of rocks in the Los Alamos area are shown in filgure Z.

Figure 2.--Diggrammstic cross section showing generalized
stratigraphic relations of the Bandelier Tuff to older

rocks in the Los Alamos area.




Observation wells in Pueblo Canyon were drilled by the Geological
Survey. OSamples of water from wells and from the Ric Grande and Rio
Chama were collected by the Geological Jurvey and chemical and radio-
chemical analyses cf water samples and the radiological analyses of
samples of alluvium were made by the H-7 group of the Health Division
of the los Alamoé Scientific laboratory, under the direction of C. W.
Christenson, Group Leader.

The chemical quality of water is expressed in parts per million
(pprz) , and the radiological quality is expressed in disintegrations
per minute per liter (d/m/l). The chemical and radiochemical data
are on file at the Los Alamos Scientific Laboratory at Los Alamos.

The major disposal area for liquid waste during the period was
Acid and Pueblo Canyons. The floor of Acid Canyon velow the waste
treatment plant slopes at a rate of about 200 feet in half s mile
and is cut into the Tshirese (upper) Member of the Bandelier Tuff of
Pieistocene age. The alluvium beneath the stream channel in the
canyon 1s 2 to 5 feet wide and generally about 1l to 3 feet thick.

The galluvium in the upper one-ihird of the stream channel deposits

18 a pebbly sand, and in the lower two-thirds is a gravelly sand.



The floor of Pueblo Canyon below the Pueblo Sewage Plant (fig. 3)

Figure Z.--Map of Los Alamos area, showing locations of sampling

stations.

slopes at an average rate of sbout 135 feet per mile for a distance of
6 miles. In the upper half of this reach the canyon is cut into the
Otowi (middle) Member and the Guaje (lower) Member of the Bandelier
Tuff and slopes at a rate of about 170 feet per mile. The alluvium
beneath the streambed in this part of the canyon is generally about

2 to 8 feet thick, although in some places it mmy be 15 feet thick.
The lower part of the canyon is cut into the Puye Conglomerate which
underlies the Bandelier Tuff. The alluvium in the lower part of thev

canyon ranges from 1 to 20 feet in thickness.



Installation of wells

Drive points and dug wells were first installed in the Acid
and Pueblo Canyons disposal area in 1954 (Weir and others, 1962).
Changes in the types of wells were made during 1956. Better samples
were collected, and some sandpoints destroyed in the spring of 1956
znd cthers dectroyed in a flash flood in August 195€ were replaced.
Well PC-6, PC-7, and PC-9 vere replaced with dug wells in July and
Aupust 1956.

Wells were érilled in Pueblo Canyon during the period April 10-15,
1956 in the recach that extends from a point about one-quarter of a
mile upstream to a point about three~-quarters of a mile downstream
from Hamiiton Ben&, to improve the observation well network and
better to define geologic and hydrologic conditions in the canyon.
The wells were located along lines numbered 1 to 4 from east to west
acrcss Pueblo Canyon. Individual wells are designated by the lettors
"PO". The south well in each line is given only the line number.
Lotters A, B, C, ctec., are added, in sequence from scuth to north,
to the line nurber for other wells along the llne. Holes PO-5 and
PO-6 are not on lines. The locations of the wells are shown in

figure E; and a2 brief description of them is given in table 1.

Figure 4.--Map showing location of observation wells, and the

geology of the lower part of Pueblo Canyon.




Results of investigations
Geologic interpretations

Formation samples collected at the time the holes were drilled
near Hamilton Bend Spring showed that some penetruated the base of the
Bondelicr Tuff, but that rost of them penstroted the Puye Conglomerate.
The strecam channcl in Pueblo Canyon cuts through the Bandelier and into
the Puyc Just vest of Hamiiton Bend.

Three general types of deposits that occur within the upper part
of ths Puye Cocnglomerate are traversed by the stream between the tuff

xposure aobove Hamilton Bend and the hasalt outcrcp at the bridge in
sec, 21, T. 19 N., R. 7T E. The southern edge of an alluvial fan Is
exposed in the soutlwestern part of section 17 and the northeastern
part of section 18 (fig. 4). The fan is composed of fanglomerate which
exhitits a chaotic distribution of angular blocks, boulders, and gravel
in a matrix of sand. Some hlocks are s much as 5 feet across. A
deposit of a second type laps onto this fan from the west side. This
deposit consists of a water-laid material containing lenses of bouiders,
gravel, and sand in a matrix of silt-sized reworked tuff. A deposit

of a third type crops out at the head of Capture Canyon and betwsen
the fan and the confluence of Pueblo and Los Alamos Conyons. This
third deposit is a water-laid silt or reworked tuff in which the rock
and tuff particles are no more than half and inch in lianeter. The
finer material on the viest, south, and east sides of the fan were

apparcntly derived by erosion of the fan itself.



The deposit of silt or reworked tuff is covered by thin salluvium
from a point upstream from Hamilton Bend to about 20C feet upstream
from well PO-1A, where it appears to dip castwar? beneath the alluvium.
It is at a depth of about 17% feet at well PO-1A, and about 22 feet
at well PO-1C. The top of thié depcsit is aﬁoui 3 feet beneath the
level of the alluvium in the streambed at well P0O-2, which suggests
that it has & southward dip at this site.

Water was found in all holes in lines 3 and 4 when the holes were
drilled, but wells PO-3 and PO-3A became dry within seversl days and
well PO-4 became dry within several months. Water that was perched
on the layer of silt at wells PO-3 and PO-U4 apparently entered the
holes during drilling and subsequently drained out of the wells after
the screens had been sealed off from the overlylng saturated zone by
the backfill around the casing. The water in well PO-4 had been perched
within the Puye as a result of recharge from the stream. Water-yielding
zones were not tapped by wells in lines 1 and 2, except for a thin lens
perched in the layer of silt in the alluvium at well PO-2A.

Wells PO-3B, PO-4A, and PO-4B were finished within the Puye. The
lenses of water-saturated deposits supplylng wells PO-4A and PO-UB are
probably recharged by the Pueblo stream. The source of water tapped
by well PO-3B 1s not known, but the water level is about 20 feet be-
neath the level of Hamilton Bend Spring, located about 300 feet to the
east. The silt layer which perches the water at Hamilton Bend Spring

may also perch the water in the aquifer tapped'by well PO-LB.



About 40 gallons of water were poured into well PO-3B on May &,
1957 to study the hydraullc characteristics of the perched-water
aquifer tapped by the well. A water-level rise of 4.85 feet was
observed three minutes after injection stopped, and the pre-injection
level of the water was reached about 9 hours iater. This indicates
that the transmissitility of the zone s very low, and the yield cf

the well would be small if it were pumped.

.



Water levels in wells

Ground-water levels and streamflow in Acid and Pueblo Canyons
are affected by precipitation, discharce from the two cewege-treatment
plants in Pueblo Canyon, and discharre from the waste-treatment plant
in Acid Canyon. The precipitation (fig. ) Guring 1956 was 11.53 inches,
vhich was 6.80 inches telow normal and near the record low. Discharge
from the sewage-treatment plants (table 2) decreased substantielly
during spring and swmer. The discharge from the waste-treatment
plant in Acii Canyon was about 3 to % million gallons per month during
the period of this study.

Streamflow from snowmelt in Pueblo Canyon was at a2 maximmm rate
during lzate May 1956, at which time 1t extended dowrd gtreem to the
Otowl Geep area. The eastern extent of this surface flow receded from
east of well PO~1A by May 23, 1956 to near Hamilton Bend by May 2k,
and to a point between wells PC-4 and PC-5 by June 7.

In 1957 the streamflow was greater and more sustained than in -
1956 due to increased precipitation, and bodies of perched water
formed in the alluvium along line 4 and in the middle part of Pueblo
Canyon. Only a small amount of flow reached the lower part of Pueblo
Canyon. Streaéiflow measurcments in Merch, 2April, and May 1957 (table %)
shows that some water was 1ost to the alluviurw above the outiall from
the scowage-treatment plant and near well PO-4A. The increase in stream-
flow between well PC-2 and well PC-3 probably reflects discharge from
the plant in Acid Canyon. The increase in flow at well PC-5 rellects
the discharge from the sevwage-treatment piant. A crost or maximum
water level at well PO~Y4A was rcached in early April and at well PC-10
in June.

10



The depth to water in the observation wells PC-10 and the shallow test

wells are chown in Tigure 5. The water levels as shown for well PO-4A

“Flgure 5.--Depth to water in ouscrvation wells, well PC-10, and the
shallow test wells in Pueblo Canyon, and precipitation data,

January 1956 through June 1957.
during 1956 and for well PO-1A during 1957 may represent water trapped

in the casings rather than levels of weter in the aguifer. The sharp
decline of the water level in well PO~-4 may reflect the decresase in
discharge from the sewage-treatment plants i;:gpring and the end of stream-
flow from snowmelt in the high country to the west. During an attempt to
deepen vwell PO-4, the casing was broken off about 13 feet below land
surface so the recovery of the water level in 1957 could not be determined.
However, water levels in well PO-4A and PC-10 responded in 1957 to in-

creased streamflow due to snowmelt, increased precipitation, and con-

tinued high discharge from the Central 3ewage Plant.

The rate and direction of water movement rrom these perched water
bodies is not known. The water in the perched zone along line Y4 apparently
does not recharge the water-bearing zone tepped by well PO-3B, as evidenced
by the relatively stable water level in the well. The source of recharge
to the water-bearing bed at well PO-3B, however, may be further west in
the canyon. Some water probably moves eastyard on a perching layer and
is the source for Hamilton Bend Spring, a small seep near well PC-8 and
Otowl Seep. Surface outlets for the body of water perched in the alluvium
near PC-10 have not been found. Springs or seégs do not exist in Bayo or

Capture Canyons to the northeast, and water flow in the lower part of

Pueblo Canyon occurs only during spring runoff or during surmer storms.
However, the water may move tlirough Jjoints in the underlying basalt and
rechar~e the perched zone supplylng test well 1A.

11



Changes of water levels in test wells TW-1A and TW-24 (fig. 5)
indicate that the wells are to some degree hydraulically connected to
the Pueblo stream, however, water-level fluctuations caused by periodic
pumping of these wells for water samples makes interpretation of the
date difficult. The water level in well TW-2A continued tc rise slowly
from early 1953 through June 1957, even though the precipitation during
the previous 10 years was substantially less than normal. This rise was
probably due to the general increase of waste discharge into upper Pueblo
Canyon during this same period. This constant flow of surface water
infiltrated the upper reaches of Pueblo Canyon instead of moving down-
stream as did the high stream flows during spring runoff and floodrlow.
Since 1950, the water level in well TW-1A has declined slowly except
for a short period in 1952 following heavier than normel precipitation.
The water levels respond to recharge in about 4 to 6 months at well TW-2A
and about 1 to 2 months at well TW-1A, although the data indicating such
time logs are inconclusive.

The depth to water in deep test'wells TW-1, TW-2, and TW-3 increased

slightly during the period of this report (fig. 6). The water level in

Tigure 6.--Depth to water in deep test wells 1, 2, and 3, layne-

Western well, and Stop Sign well, January 1956 through June 1957.

well TW-4 could not be measured because of obstructions in the well.
This decline of water levels may be a long term trend; it could not be

correlated with local streamflow data.



Chemical and raediochemical quality of water and

‘radioactivity of streambed materials

wWater samples from Acid Canyon usually were ccllected in early
morning before cischarge fror the waste-treatment plant was started.
Water was pumped from each well, for 5 to 1C minutes before s sample
was collected so that the sarple would be representative of water in
the alluvium.

Tre pH of the weaste water discharzed into Acid Canyon generally
was high, and the pH of water samples from Acld Canyon was cormonly
above 10. The rance of the pH in the samples from Aclid Canyon was
€.7 to 11.8, although the pH of about 90 percent were more than 9.
On 8 of the 11 sarpling dates the pH decreased downstream (“able 4),
so that the pH of water entering Pueblo Canyon from Acid Canyon was

about 8.0 to £.5.



The concentration of calcium was slightly less in samples from
well AC-4 than in samples from well AC-3, possibly indicating some
uptake of the calcium ions in the clays around well AC-4. A slight
decrease in the concentration of the sodium in Pueblo Canyon was
evident. The concentrations of calcium and sodiun were less in Pueblo

Canyon than in Acid Canyon, because of dilution in Pueblo Canyon.

14



The pH, the average concentration of anions, and the dissolved
solids were less in Pueblo Canyon (table 4) than in Acid Canyon,
primerily due to dilution in Pueblo Canyon. Water from well PC-2
contalned higher concentrations of dissclved solids than water from
well PC-1, less dissolved solids than water from Acid Canyon. The
average concentrations decreased downstream from well PC-2. The
concentration of flouride ranged from 4 to 9 ppm in about 60 percent
of the samples from Acid Canyon, but decreased to 1.5 ppm in the lower
Fart of Pueblo Canyon. Tlie concentration of chloride ranged from 20
to 50 ppm in about 85 percent of the samples from Acid Canyon, and
only slightly lecs in Pueblo Canyon. The concentration of nitraste
vas less than 60 prm in about 90 percent of the samples from Acid
Canyon and significantly lowér in Pueblo Canyon. The relatively
hirh ccneentration of nitrates in samples from well PC-4 versisted
in most samples. The concentration of dissclved solids did not
decrease significahtly in Pueklo Canyon, and the concentration was .
slizhtly above the recormended limit for drinking water of 500 ppm'
at wells PC-9 and PC-10 in the lower part of Puetlo Canvon. The
dissolved sollds content of two samples collected in 1956 from Otowi
Seep near well PC-9, average 2,730 ppm. The chemical quality of
water in samples from Hamiton Bond Cpring in Pueblo Canyon was

sirilar to that from the Pueblo Canyon wells.



Changes in the amount of uranium, and gross alpha radioactivity
in Acid Canyon (tgble LA and 4B) was not significant. The amounts
were appreciably larger through October 1956 than after that date.
The larger amounts before October 1956 may have been due to adsorption
of the'materials on fine particles of clay, which were not filtered
out before analysis. When samples were centrifuged and filtered, after
October 1956, the average values decreased considerably.

The larsgest amounts of uranium and gross alpha and bveta radilation,

amd. & 800 d/mli,

614 d/m/1, 664 d/m/l,ﬁrespectively, vere found in samples collected on
June 26, 1956 during discharge from the treatment plant. The sample .
containing the €,800 d/m/1 of gross beta activity was surface vater
at Pueblo 1 near PC-2; samples from several wells in Acid Canyon and
PC-2 also had relatively high counts of gross beta on that date (table ka).

The average concentrations of radioactive constituents in water
sarples collected at most stations in Acid and Pueblo Canyons were
significantly higher through October 1956 than those collected after
this date (tables 44 and 4B). The average gross beta radiation was
abnormally high, due primarily to the samples collected on June 26,
195€. The concentration of the radicactive constituents tended to
decrease downstream but without a regular pattern. Analyses for
plutonium were made; hovwever, method of analyses were not reliable

so the results are not included 1in this report.



The radiocactivity of alluvial samples from Acid and Pueblo
Canyons is shown in tables 5 and 54. Most of the activity in Acid
Canyon was retained in the upper 24 inches of the alluvium. The
gross alpha activity of samples collected neer AC-Z and AC-3 were
considerably less than that of samples collecied to 2 lepth of 18
inches on July 29, 1954 (Weir, and others, 1% >). Radisactive
maeterials adsorbed on fipe particles of alluviwr -~~uld have been
replaced by ion exchange, or the fine narticles could have been
washed downstream by stormflow. The concentretions of most of the
radicactive materials decrcased downstrcar tetween stations near
wells AC-3 and AC-5.

The concentrations of radioactive materials in Pueblo Canyon were
significantly lower than those in Acid Canyon, indicating that most
of the radiocactive material was retalned 1In Acid Cenyon. However,
the gross beta activity of samples collected at the station near well
PC-1 was relatively high.

The concentration of mest of the chemical constituents in sarples
of water from observation wells PO-1A, PO-3, and PO-4 (table 6) was
about the same or slightly less than the concentration in samples of

surface water.
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The chemical quality of water from shallow test wells TW-2A and
TW-1A is summerized in table 7. The quality of water from well TW-2A
varied somevhat during the period of sampling, but trends were not
appzrent except for slight increases >f calcium and magnesium after
August 1956. The large range in concentrations of fluoride, uranium,
and dissolved solids, as shown with examples below, probably reflect
changes in their concentrétion in surface water and indicate a

hydraulic comnection with surface flow:

Fluoride  Dissolved sclids Uranium
Date (parts per (parts per (disintegrations
million) million) per minute
per liter)
January 25, 1956 3.0 236 0
February 2C, 1956 .8 134 80

Significant trends or changes in the concentrations of the chemical
constituents in water samples from TW-1A were not evident untii
May 11, 1956, at which time a splke of 200 pounds of sodium chloride
was added to the well in an attempt to determine whether or not the
chloride would appear at Basalt Spring. About 1,500 to 2,000 gallons
of water were added to the well with the sodium chloride. During a
prolonged dry period in 1956, the well was pumped dry once each month
by pumping 5 gpm for 30 minutes. The concentrations of dissolved solids
in water from the well decreascd rapiily from June to 3eptember 195€.
The decrease probably was caused by the addition of 1,000 gallons of
water to the well in July and by water entering the lower part of

Pueblo Canyon during flash floods in August.

18



The constituents in water from test well TW-lA that were
affected by the spixe and the degree to which they were affected

are shown below:

Calcium Msgnesium Sodium Chloride Dissolved

Date (paxrts per million) solids
5-11-58 15 7 - 13 230
6= 5-56 48 37 - 9,026 15,309
6=20~55 583 118 - - 18,318
G- 6-56 cu6 T 860 2,255 4,718
L-10-57 110 43 290 671 1,297
6-11-57 63 L7 180 324 758

19



Table 7 shows that the concentrations of all chemical constituents
in samples collected from well TW-1 were relatively low before well
Tw-1A was spiked with sodium chloride. The concentrations of calcium,
magnesium, chloride, and dissolved solids in samples from well TW-1
rose to 158, 34, 710, and 1,450 ppm, respectively, during the 11 day
period after well TW-1A was spiked on May 22, 1956. Some water probably
moved from well TW-1A to TW-1 within a few days after the spike. This
suggests that some of the water added to well TW-1lA during the spike
moved laterally about 25 feet up the piezometric gradient within the
bed supplylng water to well TW-1A and thendown the outside of the
casing of well TW-1. A thousand gallons of water was added to well
TW-1A in July to check for a leak, but at that time no evidence of
leakage was found.

Increases in the concentration of calecium and magneéium in water
from test well TW-3 may lndicate some rechsrge from a surface source.
The calcium lncreased from a relatively constant 20 ppm through
September 1956 to 29 ppm in April 1957. The magnesium increased
irregularly from 6 ppm to 19 ppm between June 1956 and March 1957,
but the sample collected in April 1957 contained 64 ppm. Test well
TW-2 was not sampled during the period of this report because the

pump was inoperative.



The chemical gquality of water from the supply wells in Guaje Canyon
was relatively stable, and the range of the concentrations of the
constituents was smasll. However, the concentration of calcium and
magenesium decreased downgradient (eastward) (table 8) and the concentra-
tions of calcium in wells G-2, G-3, and G-5 and magnesium in wells G-3,
G-4, and G-5 increased with time. Significant trends of the radio-
chemical quality of the water were not noted.

The quality of water from wells in the Los Alamos Canyon field
was similar to that from wells in the Guaje Canyon field. Contaminaticn
of the water was nct evident. Variations in the quality of water in
relation to the depths of the wells are shown in table 8. Wells LA-1,
LA-2, and LA-3 are about 870 feet deep and wells LA-4, LA-5, and LA-6
are about 1,700 feet deep. The average concentration of fluoride
and dissolved solids increased downgradient to the east in samples from
both groups of wells, whereas the concentration of the calcium decreased
downgradient. The chloride and dissolved solids (except LA-6) increased
eastward from LA-4 to LA-1l. Significant trends of the radiochemical
quality of the water were not noted.

The highest concentrations and the greatest range in concentration
of chemical constituents were in samples from well LA-6, near the middle
of the Los Alamos Canyon well field. The ranges in concentrations were
20 to 163 ppm of sodium, 2.0 to 5.0 ppm of fluoride, 191 to 461 ppm of
dissolved solids, in water from this well. The concentration of

dissolved solids and the temperature correlated to some extent with the
length of pumping time.
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Chenmical and radiochemical analyses of water samples from outside
the Acid Canyon-Pueblo Canyon disposal system are shown in table 9. The
water was relatively good except for a few iseolated cases.

The water levels and the quality of water in the Layne-Western
well probably reflect changes in the quality and emounts of water
in the strcam ih Gusje Canyon. Vater samples were not collected from
the Stop Sign well, but the changes in the water level (fig. €)
apparently reflect pumpage from the supply wells in the lower part of
Los Alamos Canyon.

The concentration of several of the chemical constituents in samples
from Rasalt, Los Alemos, and Indian Springs, all of which azre down-
gradient from the Acid and Pueblo Canyon disposal system, are slightly
higher than samples from Ancho and Doe Springs, which are isolated
from areas of liquid disposal. The relatively high gross beta count
of 130 d/m/1 in a sample of stormflow collected in Los Alamos Canyon
on August 2, 1956 may have been releted to a gross beta count of 150
d/m/1 in a sample collected from Indian Spring on October L4, 1956.

The quality of the water in samples from the Rio Grande, collected
weekly or monthly and composited, indlcates that the water in the Rio

Grande is not contaminsted from the Los Alamos area.
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Surmary

Conclusions reached in this report are similar to those stated
in the report by Weir and others (1962) which described investigations
made in the Los Alamos area during the period 1949 through 1955.

Changes in the water levels and the quality of water in the shallow
test wells indicate a possible hydrsulic connection between the shallow
’ water-bearing beds and the surface water in Pueblo Canyon. The water
level changes 1n well TW-2A, in the upper part of Pueblo Canyon, appears
to respond in 4 to 6 months to recharge from surface-water flow, whereas
the water-level changes in well TW-1A appears to respond within about
2 months to changes in the amount of water in the strean.

The water levels in the deep test wells declined slightly during
the period of investigation, possibly due to a long-term downward trend
in precipitation. The quality of the water from the deep test wells vas
relatively constant, although the concentration of some ions in samples
from well IW-3 lncreased slightly.

The concentrations of dissolved solids and radioasctive materials
in water samples from wells that tap the alluvium in Pueblo Canyon were
significantly lower than those in samples from Acid Canyon, probably
due to ion exchange and sediment uptake of radiochemical materials in
Acid Canyon and to dilution by more surface flow in Pueblo Canyon. The
concentrations generally decreased down the canyons.

Most of the radiocactivity was retalned or concentrated, within the
upper 12 inches of the slluvium of Acid Canyon; only minor amounts

were concentrated in the alluvium of Pueblo Canyon.
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A spike of sodium chloride introduced into shallow test well
TW-1A caused a temporary increase in the concentration of chemical
constituents in samples from deep well TW-1l, probably the result of
leakage downward around the casing of well TW-1. Effects of the spike
downgradient from well TW-1A were not found.

The concentratlon of dissolved solids in samples from the supply
wells in Guaje Canyon and Los Alamos Canyon well fields was low and
relatively stable. The concentrations of calclium and magnesium
decreased downgradient in the Guaje Canyon well field and increased
slightly with time in some of the wells. The quality of the water
from the three shallower (about 870 feet deep) wells and from the
three deeper (about 1,700 feet deep) wells in Los Alamos Canyon well
‘fleld changed slightly down the valley 1n each group. The gquality of
water from well LA-6, near the middle of the Los Alamos Canyon well
field, varied slightly with pumping time.

The concentration of the iongs in samples from springs downgradient
from the Acid Canyon-Pueblo Canyon disposal system was somewhat higher
than in samples from other springs in the Los Alamos area. Apparently
no contamination was added to the Rlo Grande from the discharge at

Los Alamos, except possibly during summer floodflow.
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Tatle J.e--Streamilow in Pueblc Canvon, March, April, and May, 1G57

{leasurements made with P_‘;g:ny current meter, in gallons per minute)

Stavion March 13 | April 11 | May 9
Jeur veil PC.2 330 280 270
Halivaey between well PC-2 and well PC-3 - 24o -
Liear well PC-3 - 260 VA
Ore-guarter o the way between well PC-3 410 200 420
and ell 2C-4
Ezlivey between wrell 2C-3 and well PC-4 540 210 560
Thfee—quarters ¢l *the wmy Dhetween ! - 220 400
well =) and well 70-4 ;
Heax ell 2C-i 250 = &/ 120 400
Loove cutiall of Central Sewvage Plant - 15 280

neax wall PC-5 )

Central Sewage Plant - 160 600

v between well PC-5 below outfall - 140 430
£ Centrsl Sewaze Plant and well PC-6

Tiear well PC-6 380 150 360
Halliway between weil PC-6 and well PC-7 - 100 260
Three-quarters of the way between well - 20 -

PC-C and well PC-T7
ar well PC-7 - - 2ho

Hear well PO-4d 260 - 120

& Caught up with flow front.



Tuble 2.--Effiuent from sewage treatment plants discharged into

(Flzw, in

Pueblo Canyon.

[ate!
aand

~all

as metered by the Zia Company)

Pueblec Sewase Plant

Centrel Sewage Plant
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Table 1.--Records of obcermtion wells

- Continued

Elevation above sea level

Reomurks

Well Depth 1o £
Well depth water belou Le”?“? afd
. . . Land , - ty,e oL
nunber | Heasuring point surt  feet) neasuring point L
(feet)

PO-lid 0,5%0.31 G,52h. 3 43 10 21 feet of I-inch
pipe

PO-1B G, suh.uT 6,541.6 57 24 27 fect of 1'—-inch
pipe and
sandpoinl

PO-3 - 6,475(7) 2 ary uncased

RO-6 - 6,520(%) 18 dry - uncased

aff or silt layer LH-10 feel
interbedded clay and sund
to 29 feet; hard drilling
in consolidated muierial
to 43 feet.

Gravelly sand to 25 feet;
interbedded gravel, clay,
and sand to %2 feet; hard
drilling in consolidated
naterial to 97 feet.
Alluvium wet 25-352 {eet.
Water began dropping after
casing was installed.

Sand, silt, and gravel to
18 feet; hard drilling in
consolidated material at
22 feet.

Tt to 13 feet, gravelly
sand to 18 feet.




‘fable l.-~-Records of obscrmtion wells - Continued

ell
nuiabes:

e . v o e

PO~ A

PO-_1

Elevation above sea level

Welk Depth to
dapth water below Len?#h and L
Land - - o type of Remarke
HMeasuring point (feet) | measuring poiut vt
(feet) surface (fect) casing
(feet)

- 6,512.7 33 10 feet 22 l'eet of lﬁ—inch Gravelly samxl to 11 fect;
pipe and interbedded ;1uvel, clay,
sandpolint and sand laycrs to

55 feet. Vater gone
several days after drillin
6,520, 6,520. 4 T3 50 feet 59 feet of 2-inch Silty sand to 20 fcet;
plastic pipe gravel 20-215 Teet; moist
to wet clay or silt 21 ;-
26 feet; interbedded
gravel, clay, and sand
layers to 57 f{eet; hard
drilling in consolidated
silty material 57-73 feet.
6,526."75 6,524, 2 L3 25.8 27 feet of li-inch | Tuff or silt layer 5-10 feet
pipe and interbedded gravel, clay,
sandpoint and sand layers to 4O feet
hard drilling in consoli-
dated material at bottom.
Alluvium wet 18-25 feet.
Water level began dropping
after casing was installed




Table l.-~Records of observation wells - Contimed

Elevation above sea level

Well Depth to
Viell depth water below Lengf;h and
. e . 1and 5 . ! type of Remarks
number | ifenciring point e \feet) | measuring voint
(feet) surface (fee £) casing
(feet)

PO-1iD - 6, 450(7) 23 dry uncasecd Bottomed in diy sand and
gravel at 22 fect.

FO-2 - 6,478.4 30 dry uncased Tuff to 13 feet; gravelly
to 29 feet; hard drilling
in consolidated naterial
at 30 feet.

PO-2r - 6,452.0 1L 2 feet 8 feet of l':-inch Silty from 2-12 feet,

pipe and gravel 12-14; had

sandpoint naterial at 1L feet.
Broke teeth on drill
bit.

PO-D -, 6,155.5 11 dry uncascd Silty to 10 feet; hard
material at 11 [eet.
Broke teeth on dcill
bit.

PO-7 - 0,093.9 27 1. Teco 12 feet of 1 -_inch | 3ilt, saud, and gravel to
pipe and 18 rect; interbelded
sandjoing gravel, clay, and sand

layers to 27 foct. Water
gone several days after
drilling.




Table 1.--Records of observation wells drilled April 10 to 15, 1996, in Pucblo Canyon

Yell

nuber

Elevation above sca level

Measuring point
(feet)

Land
surface
(feet)

Well
depth
(feet)

Depth to
wvater belov
neasuring poini
( feet)

Length and
type of
casing,

Renmarks

PO-1A

PO-1C

6, 447,05

6,1442.0

6,441.2

6,446.5

16

18

dry

| ary

dry

uncased

18 feet of -inch
pipe

uncased

uncased

Dry silt, sand and gravel
to 15 feet, houlderc
at 16 feet.

Dry to noist clay, sand,
and gravel to 17} feet;
gravelly silt to %6 fecet.
Augers dropped several
tenths of a foot at
36 feet. Teeth on drill
bit broken on hard
material or boulders.

Dry to moist clay, samd,
and gravel to 15 feet;
dry silt and gravel to
18 feet; hard drilling
in consolidated silty
material at 18 fect.

Dry to moist clay, sand,
and gravel to 15 feet;
hard drilling in con-
solidated slilty material
at 22 feet.
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PRECIPITATION,
IN INCHES

DEPTH TO WATER, IN FEET
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Figure S5.==Depth to water in observation wells, wel1 vo-:.o."m: the shallow test wells in Pesble Canyen, and precipitation data, January 1956 through June 1957
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Table 9.--Summary of the quality of water (averages) from sampling stations outside the Acid-

Pueblo Canyon disposal systen.

Parts per million

Sodium

Chlo;

Disintegrations per
minute per liter

Sampling Cal- | Magne- Fluo-| Ni- Dis- pH | Uranium | Gross | Gross | Number
point cium sium (Na) ride ride | trates | solved (V) alpha | beta of

(ca) (M) (c1) (F) (NOBN) solids Samples
Layne-Western well 35 13 T0 5 0.7 1.4 165 8.0 10 20 - 2
Basalt Spring 31 22 3k 17 .6 3.5 212 8.0 21 43 30 18
Los Alainos Spring 38 20 21 23 1.0 2.6 243 7.9 25 26 38 9
Indian Spring 33 6 25 3 .6 .5 197 8.3 27 19 210 3
Ancho Spring 1k 6 12 3 A .5 8 | 7.9 L8 18 0 4
Doe Spring 12 4 15 2 A .5 166 7.9 3L 20 0 2
Los Alamos Canyon 16 0 16 11 2.0 3.0 162 7.3 0 6 260 1
Fence Canyon 18 'o 12 0 1.0 1.2 266 7.6 0 13 0 1
Rio Grande at Embudo | 37 11 2L 6 T 1.2 209 8.0 33 33 b 5
Rio Chama at Chamita | 48 26 | uu 14 A | s b5 | 8.0 | 55 A 9k 5
Rio Grande at Otowi 36 16 29 8 .€ .3 270 8.0 17 13 30 5
Rio Grande at Cochiti | 36 17 27 8 .5 A 260 | 8.0 21 16 6 5
Frijoles 10 6 12 2 .3 .5 133 7.8 18 27 0 5




Tuble 8.--Sumury of qualily of water (averages) from supply wells in Guaje and Los Alamos Cnnyons

Parts per milMon Platnteir o per
Well | Tem- | Cal- | Magne- | Sodium { Chlo- | Fluo- Ni- Dig- pH [Uranium | Gross | Gross | Number
No. | per- |cium | sium (Na) |ride ride trates | solved (v) alpha | beta of
ature | (Ca) | (Me) (c1) (F) (NOZI—N) sollds Samples
Guaje Canyon
G-1 80 15 2 22 6 0.7 1.8 180 8.2 | @eo 27 260 5
G-1A | 81 16 3 21 L 4 2.3 182 8.3 37 35 60 4
G-2 81 16 6 27 2 .7 .8 215 8.2 | e2 14 0 3
G-3 83 16 8 20 2 3 .5 167 8.4 L7 15 0 3
G-k 75 el 1L Ly 3 .6 .9 134 8.2 38 53 36 3
G-5 7 22 11 12 L 3 .6 15k 8.3 17 21 50 3
Los Alamos Canyon
LA-1 70 8 0 8 16 2.0 1.7 24y 8.4 23 34 6 6
LA-2 (L 9 0 59(2)| 12 1.9 2,0 220 8.5 | 37 23 20 3
LA-3 69 14 0 37 6 T 1.6 162 8.4 16 32 0 3
LA-6 83 5 0 93 6 2.4 4.8 313 8.7 35 46 20 5oﬂ/
LA-5 75 10 1 27 3 1.2 1.3 173 8.5 79 117 0 3
LA-Y4 80 13 0 21 3 A 1.3 9l 8.6 31 41 24 3

a/ Chem. only, Radiochemical-13 samples.

L T



Table 7.--Summury of quality of water (averages) from test wells 1, 1A, 2A, and 3

Parts per million

Disintegration per minute per liter

Well No. Cal- | Magne- | Sodium | Chlo- | Fluo-| Ni- Dissolved | pH | Uranium | Gross alpha | Gross beta
cium| sium (Na) ride ride |[trates solids (u)
(ca) | () (c1) | () |(wo,-m)
TW-1A 12i/ 5.6‘3/ - 159-/ 0.6 1.8 2793/ 7.8 22 25 -
No. of samples | 5 5 - 5 19 19 5 19 17 13 -
T™-2A g/ 25¢/ | 1.6 | 7 5 1.9 1hk 76| 31 59 L
No of samples 8 8 9 17 17 17 17 17 17 13 12
-1 a2 | 2 & | 205 | 5/ |16 k.1 6% | 8.0 4 4 6
No. of samples | 19 |19 10 10 21 21 12 21 21 20 10
™-3 22 |1 ¥ | 13 6 5 | 1.3 205 7.9 19 32 -
No. of samplecs | 11 10 8 11 11 11 1 11 11 11 -

a/ Collected before spike on May 11, 1956.
b/ Average after August 1956 for 9 samples, 12.6 ppm.

g/ After August 1956 for 9 samples; aversge 10 ppm, range O-30 ppm.
d/ Does not include samples collected May 22, 1956.

g/ Does not include samples collected for about 3 months after spike.

£/ April 11, 1957: 64 ppm.




Table 6.--Sumuary of quality of water (averages) fram obscrvation wells in Pueblo Canyon

DisIntegrations per

Well Parts per million minute per liter Number of
numbexr Chloride | Fluoride | Nitrates | Dissolved pH Uranium | Gross | Gross | samples
Cl F NOj-N solids U alpha beta
PO-1A (1957) 29 1.2 17.5 318 7.5 13 31 - 3
PO-3 (1957) 28 1.1 11.0 307 7.5 28 30 - 1
PO-3B (1956-57)] 19 .6 1.5 323 7.7 2L 31 38 14
PO-4 (5/12/56) 35 1.0 10.1 534 7.1 70 196 -




Table 5a.--Summary of radiochemical analyses (averages of several samples) of streambed

alluvium in Pueblo Canyon, September 6, 1956.

Gross alpha Gross beta Gross gwana
Counts per minute Counts per minute Counts per minute
per granm per gram per gram
Depth (ary weight) (dry weight) (dry weight)
Bampling stations Sampling stations Sampling statiouns
PC-1 | PC-2 | PC-3 | FC-1 | IC-2 | PC-3 | PC~1 | PC-2 | -3
Surtace - 5 > - 0 17 - 0 0
6 inches o L 8 0 5 10 o 3 3
12 inches 0 8 T 13 10 6 1 3
24 inches Y - 8 76 - 13 Y - O




Table 5.--Summry of radiochemical analyses of stremmbed slluvium in Acid and Pueblo Canyuns

Gross alpha Grosa beta ; Gross gamm . Uranium
Counts per mipute per gram Counts per mimite per grem « -Counts per minmute per gram Counts per mipute per gram
(dry veight) (ary weignt) | (ary veight) (dry vetght)
A Year Sempling stations Sampling stetions ; Sampling stations Sempling stations
ie8) Hear | Near | Mear | Near | Near | Near | Near | Near | Near | Near | Wear | Near | Near | Hear | Near | Near| Near | Mear
Mol | A2 | Aos | Aok | s | WL |ace | A3 | Aok |Aes | Aol | Aee | Aes | Ak | aes | Aee| Aes | ach
1956 6 ko 106 224 172 35/ 26 100 106 58 S 3 L3 24 17 - - 388/
: 1957 ' - - 584 238 9% - - k20 110 (] - - 63 8 5 - - -
o a6 | s | s8 | 28| 28] we | 1¥| st | o | sn| e | ] 2| 13| % 6 - 2| a9
’ 1957 - - 250 222 sh - - 212 8 o - - -1 10 3 - - -
1956 0 8o 126 130 68 o/ 501/ k2 ° | 0 16 20 26 7 2 13 17
? 1957 - - 264 & ] - - 12 b8 » - - 17 3 1 - - -
R N s2 o] | - - 2k o 2o .| . | o] - . .
1957 - - 158 98 5k - - 90 60 - - - Y 2 - - -
956 | - | - - N - - - s | - -] - - Y] - . - o
) w951 | - | - 100 32 - - - s/ % - - - /| 2 2 - - -
1956 - - - 0 - - - - - - - - - - - - - -
0 1957 - - - [ 111 - - - 0 hy - - - e/ By - - -
w96 | - | - . 0 - - - - o | - - - . PLYA - - -
6 w1 | - | - - - 6 | -- - - o [ 2% - - - PL U - -

s/ One semple only



Table 4B.--Sumary of radicchemical quality of water from shallow
wells and surfece flow in Acid and Pueblo Canyons, Noverber 1956

through June 1957.

Disintegrations per minute per liter Nurber | Pisintegrations

Sl | e T eresag | 2T | T

Average Range Average Range Gross beta
Well AC-3 9 0-26 2k hash 5 340
Well AC-4 29 €-Th 63 26-80 5 276
Well AC-5 - 20-22 - 20-3h 2 180
Acid weir 33 0-54 55 34-90 L 320
Well PC-1 9 0-18 27 0-70 L 0
Well PC-2 | 18 0-56 41 878 L 56
Well PC-3 | 24 6-56 30 22-50 L 316
Well PC-L | 22 C-%0 26 1h-4€ 4 166
Well PC-6 16 0-28 32 16-64 L 134
Well PC-7 | L2 12-70 40 0-86 L 320
Well PC-9 | 29 0-90 36 0-96 5 36
Pueblo 1 35 0-70 iy} C-70 L 90
Pueblo 2 20 8-48 38 6-9k L 306




Table 4A.--Summary of radiochcemical quality of water from shallow wells and

surface flow in Acid and Pueblo Canyons, January 1956 through October 1956

Disintegrations per minute per liter

Disintegrations per minute

Sampling Uranium Gross alpha Number per liter Number
stations Average| Range |Averagd — Range sal(:lilcs Averﬂg:ross b::;lgc Sa;iles
Well AC-3 169 0-61#9-/ 376 L ,ccu.“—/ 6 1,488 500- 5?0805/ 3
Well AC-L 207 10&-5h8y 399 P10 -566 6 59 180-1,260‘3/ 3
Well AC-5 - 0-286 - 4o ;352 2 1,312 290- zuoS/ 3
Acid weir 143 52-1;26*3/ 182 | 60 -588?-/ 6 - 180- 3,1u02/ 2
Well PC-1 57 6- 80 80 |26 -17h 5 240 - 1
Well PC-2 58 0-2383/ 63 |16 -294 10 848 uo-3,800§/ , 5
Well PC-3 L1 16-110 71 |70 -160 h' 150 - 1
Well PC-h4 - 0- 50 - - 2 - - -
Well PC-6"' 2h 2- 36 39 (24 - 60 3 - 0- 60 2
Well PC-T - 0- 14 - 8.2- 1o 2 - 1bo- 456 2
Well PC-9 - 8- 14 26 |12 - 4o 2 - 50- 228 2
Pueblo 1 - 24 1613-/ - 32 -16808/ 2 6,800M - 1
Pueblo 2 2 0- 64 63 8.6~ 84 5 120 20- 190 3

a/ June 26, 1956.



Tuoie d.--Swamary oi chemical quality of water iron shallov wells and

suriace flov in Acid and Pueblo Canyons, January 1y506 through June 1957

Parts per million

P Number
Sampling Chloride Fluoride Nitrate Dissolved
of
stations (c1) (F) (N) solids
Average| Range Samples
Average{Range |Average e  |Average Range |Aversge| Range
Vell AC-35] ' 5-114 6.1 |2 -12 L3 4 -184 686 |241-1,2761 10.7 |9.5-11.5 11
Well AC-4 33 (o2- 81 6.4 {4 -10 30 1.5- 52 582 |3hkg- 801 9.6 18.8-10.5 11
Viell AC-5 35 29~ k2 4 1 -6 16 2 - 553 kY- 260 9.8 18.6-10.8 L
Acid Weir 32 4h- ¥l 5.7 |2 -8 50 |10 -172 583 |36h- 80§ 8.6 |6.7-10.3 10

Well PC-1 27 5- 53] 1.7 L - 2.4 10 3 - 14 T31 | 394-2,960 7.9 16.8- 8.2 9

l'ell PC-2 33 |27- 561 2.3 [L - L4 11 1 - 16 s5ha  |345-1,250 7.7 16.9- 8.2 14
Well PC-3{ 32 [21- 57| 2.3 {1 - 3.6 10 5.5~ 16 Lys 1388- 543 7.6 |6.5- 8.0 8
Vell PC-1 3 (29- 3] 1.9 |1 - 3.2 17 {11 - 20 h50  {415- W5 7.6 |T.h- 7.8 6
Well PC-6 3 [25- 341 1.7 |1 -2 5 1.6- 10 394 [300- W62 7.6 |7.2- 8.6 7
Well PC-7| 29 {12- 34| 1.7 |1 -3 11 |2 -18 338 |105- W55 7.6 [7.3 7.9 6
Well PC-9 17 6- 29| 1.7 |1 - 3.6 11 3 - 21 654 318~ 95k 7.5 |6.9- 8.2 7
8/yer1pc-10] o3 - 1.0 - 8.0 - 549 - 7.8 - 1
Pueblo 1 35 |31- 33] 2.5 |1 - 4.k i |10 - 21 Lys |38~ 581 8.0 [7.3- 8.8 8

Pushlo 2 3 oo B
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13,5 L 357 452 8.2 |7.7- 6.6
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