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The hydrology end the chemicel and radlological
quality of surfece and ground weter et los Alemos, New Mexico,
1949-55.

By

Jemes E. Welr, Jr., John H. Abrshems, Jr., John F. Waldon,

and William D, Purtymun
Absgtract

Treated liquid wastes and sewage from the los Ala@s Scientific
laboretories at Los Alamos asre discharged into canyons eroded 1n the
volcanic rocks and sediments of the Pejarito Plateau. Iiqulds
containing waste and sewage constitute the perennial flow of the
upper reeches of Acid and Pueblo Canyons.

Four deep and two shallow test wells were drilled to determine
the transmisslbility of the perched aquifers and to monitor the
chemical and rediological quality of ground water. Values of
transmlissibility range fyom 200 to T, 860 gallons per day per foot
for the deep perched aguifer, and 50 to 8,300 gallons per dey per
foot for tbe shallow perched aquifem. The veloclties of vground
wvater in these aquifers range, from about 150 feet per year to

ebout L ,500 feet per year.




Shallov wells 2 to 10 feet in depth were constructed in Acld
and Pueblo Canyons in order that data could be ecollected on the
chemical and radiological nature of water in the alluvium. They
consisted of Ffour wells cased with corrugated culvert pipe in
Acid Cenyon and 10 drivepoint wells in Pueblo Canyon.

Surface flpw in Acid and Pueblo Canyons was observed to
determine seepage losses or gains. Seepage losses are high during
high flow in Acid Canyon, and seepage gain may occur at low Tlow.

T Tn Pueblo Canyon, streamflow diminishes downstream from the con-
fluence with Acid Canyon, except for a gain in flow at the outfall
of the Central Sewage Plant, and disappears into the pumiceous

material of the Bandelier Tuff which underlies the upper part of

the middle reach of the stream. Stormflow may carry some waste and (
sevage ‘effluent into the lower reaches of the canyon or to the Rio

Grande. Precipitation and streamflow in Pueblo Canyon may correlate

with water levels in some of the test wells.




Radioactive contaminents probebly are retained in Acid Canyon.
Plutonium concentrations in Acid Canyon ‘were sometimes equal to :;boif '_:C:‘ 'H'
the limits for off-site tolerance, put in Pueblo Canyon were
considersbly below this limlt. Uranium concentrations wére not
significently high except in & few samples from Acid Cenyon. ‘
Nitrate, chloride, and fluoride concentrations in semples from
ghallow test wells suggest & possible hydraulic connection between
perched aguifers and the contaminated gtreamflov in Pueblo Canyon.

Analyses Of samples from the Rio Grande and Rlo Chewe show 1o

significant amounts of contaminante.




Introduction

Los Alawos County is in nortih-centrel New Mexico about 25

miles nortiwest of Santa Fe (fig. 1)}. Nuclear research wes bugun

Figure 1l.--Index map of New Mexico showlng Los Alamos

County.

at Los Alamos sbout 1943 and continued beyond December 1955, the
cutoff deate of this report. AMos‘b liquid radioactive and industrial
wastes from "l',echnical areas in the Los Alamos area and most of the
sewage wastes of the city of Los Alamos were discharged into Acid
and Pueblo Canyons near Los Alamos. Liquid wastes of undetermined
radioactive content were discharged until about 1950, but since

. then have been treated to below tolerance levels of radiocactivity
vefore discharge. OSeveral other areas have been used for the
disposal of both liquid and solid rediocactive wastes. The locations

of the ligquid disposal sltes are shown on Pigure 2, and brief

Figure 2.--Map showing lécations of weirs end stations for

streanflovw measurements in Acid and Pueblo Canyons, waste and-

sevage disposal sites, and sampling points, Los Alamos and

" iy “ .
Santa Fe Counties, N, Mex.

descriptions of the sites end the waste discharged are given by
Abrehame (1962). In this report, radicactive wastes will be referred

to as “wmete', and the discharge from the sewege treatment plants will

be referved to ae "sewage' .




A joint study including the Ground Water, Surface Water, and
Quality of Water Branches of the U.S. Geological Survey, and the
Los Alamos Scientific Laboratory (formerly the Industrial Waste
Section of the Atomic Energy Comission) was begun in 1549 to
invegtigate the movement of waste and sewage waters because of
the possibility of movement of the waste and sewage into the g}ound—
water body that supplies the wells of the city of Loc Alamos end
into the Rio Grande. The drilling of six test wells to sample parts
of the aguifer(s) that would most likely receive wastes and sewage
discharged from the research laborstories and from the sewage
treatment planis was started in May 1949. This report is intended
primarily to summarize and record dete and resulis obtalned from the
investigation through 1955, aslthough the study of the contamination
problem 1s belng continued.

The principal area of the investigation includes Los Alemos,
Acid, and Pueblo Canyons and the intercanyon mesa surfaces (fig. 2).
Los Alaﬁos, Acid, and Pueblo Canyons are cubt deeply into the
Bajarito Plateau, which lies on the eastern flank of the Sierrs de los
Valles. The canyons are part of the west-to-east drainage net that
carries runoff from the mountains and plateau to the Rio Grande. The
altitudes in the area range from ebout 7,200 feet on the mesas to

6,500 feet in the bottoms of the canyons, and about 5,500 feet at

‘the Rio Grande.




. Gratitude is due the Engineering and Construction Division
of the Atomic Energy Commission, Los Alamos Scientific Leboratory,
and the Utilities Division of the Zia Company for their close

cooperation and assistanee in the work.




Geology

Los Alemps is on the Pajarito Plateau, which is underlein by
the Bandelier Tuff of Pleistocene age. Rocks of the Senta Fe CGroup
of middle(?) Miocene to Pieistocene(?) age beneath the Bandelier
Turf are exposed clong the eastern edge of the plateau. The ’
western edge of the plateau leps or™to the Sierre de los Valles

wiich is formed by the Tschicome Formstion of Pliocene and

Pleistocene(?) age (fig. 3).

Figure 3.--Diagrammatic cross.section showing generalized
stratigraphic relations of the Santa Fe Group, Tschicoma

Formpation, and Bandelier Tuff in the Los Alamos area.

A generalized stratigraphic sectlon of the geologic formetions,

thelr ages, thickness, and water-bearing characteristics is shown

on ‘table 1.
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‘l' . Hydroiogy

Six test wells were drilled and equipped with pumps during
June 1949 to June 1$50. Detailed informetion on the dstec of
drilling, original water levels, cesing schedules, geologic logs,
end original pumping installation on the six welis is given by .
Black end Veatch {1950). The six wells were used +o sample the
ground wvater of the area for possible céntamination and to determine
the aguifer characteristics in order to estimate the velccity of

’ ground-water flow in the aquifers tapped by the wells.
The aquifers in test wells 18 and 2A are perched zones above

and separate from the main aquifer. Test wells 1, 2, %, and 4 wmay
'penetrate the top of the mein aquifer. However, the information is
. inconclusive and it is possible that these wells tap perched water
sbove the main aquifer. The supply wells in Los Alamcs and Guaje
Canyon tap the main aguifer. The main aquifer in the Los Alamos area
is the saturated zone in the Santa Fe Group and the Tschicome Formation.
The water in the main squifer is under ertesian pressure. The
piezometric surface rises Ifrcm the Rio Grande vestward threcugh the
Tesugque Formation intoc the upper units of the Santa Fe Group and into
the upper part of the Pschicome Formation (fig. ). The Tschicoma
Fermation and the upper part of the Sante Fe Group also mey contain

B perched aguifers.




Movement of water in the main squifer 1s from the Sierra de
los Valles eastward toward the Rio Grande where there is some
discherge from springs into the river. The gradient on the
piezometric surface of thé main sgquifer between wells G-1 and
G-5 in the Cuaje Canyon well Tieid was about 85 feet per nmile

in 1952, A difference in head betiween test wells 1 and 2 indicatves

-

a hydraulic gradisnt of about &C¢ feel per uile.
7 &




Agquifer tests

Aquifer tests on the six test wells to determine the aquifer
characteristics were conducted Quring 1951 and 1952. The tests
ranged in length from * hours &nd 15 minutes to U7 deys. The
importent characteristic of the aquifer determined by aquifer teé%s,
is the coefficient of ﬁrénsmissibility. The coefficient of transe
missibility is expressed as the rate of flow of water &% prevailing
water temperature, in gallcns per day, through & vertical strip ol
the aguifer 1 foot wiée extending the Tull seturated helght ol Lhe
aquifer unier & hydraulic gradient of 1CC percent.

Enother importent aguifer characteristic is the coefficient
of permeability, which is the rate of Tlow of water in gailoas per
day, through a cross-sectional area of 1 s
gradient of 100 percent at the prevolling Lerperavure. This is
obtained by ddviding the transmissithility by the thickness of the
aquifer vielding water to the weil.

The specific capacity of & wzll can also be determined oy
aouifer tests. It is The discherge oxpressed as rate of yield
per unit drawdovn, in gallons per minmuie per oot ol drawdcwi.
The locations of vhe test wells are shown on figure 2, and
the geclcgic @nd hydraulic charscleristics of the aquiflers as

determined Tvan pumping tools in the test wells are shown in

table 2.

]
[




Table 2. ~--Geologic

and hydraulic characteristics of aquifers of test wells 1, 18, 2, 24, 5)a.nd 4 near Los Alamos,

N. Mex.
Water level
Well Aquifer g;:-::ign ?;ﬂgﬁ:;:’: prior to pumping drzgdtz:n Specifie capa eity Tr&nemisqi'bility Permeabilit.y_ Thickness of
{hours) minute) (fee:u:;;f:) 1and (feet) |First b hrs. |Entire test (epa/rt) (epa/1t) | aquifer (reet)

1 |Totavi Lentil of the Puye 246 2.4 591.7 8.9 0.5 0.06 200 11 19
Conglomerate

1A |Unit 3 of the basaltic 1,128 3.4 182,73 .72 10.0 .75 8, 300 2,800 3
rocks of Chino Mesa

2 |Totavi Lentil of Puye 760 6.7 760.60 7.48 1.1 1.0 7,000 2% 24
Conglomerate

2A |Fanglomerate member of k.5 .3 116.2 10.24 .03 .03 50 10 5
the Puye Conglomerate
(small in aresl extent)

3 |Totavi Lentil of Puye 720 6.6 751.1% 15.0 .5 .5 7,800 310 25
Conglomerate

b |Tschicoma Formation 720 2.8 1,166.6 4.85 1.2 .6 750 % 21

0

s,
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Yelocity of ground~water 1o vegent
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iiih joints and fractures in the

her aquifers, with the excepbion of the one penetrated

by test well 4, are in elluvial gedinencs ; the upper
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oi* the upper part of the sabuvaied seciion ranies batwesn L1l and

510 gpd (gelloss per dey) pex squove foct. This 2o high comyared
wizn permeshility of the Bongelier TufT which is .eoo than L to
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On the same basis the valoeity of the perched waier
zone penctrated Wy test well 1A, locolly, nay be

or sbout L5 feet per year.




peletionship of surfacc and ground waber in the Los Alamos ares
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shellow wells were instelled in Acid and Pueblc Canyons

during 1954 so that information on the chemical and radiological
nature of the water in the elluvium could be obtained. Four
shallow wells, cased with corrugated culvert pipe, were constructed
in Acid Canyon, and 10 drivepoint wells were constructed in Pueblo
Canyon (fig. 2). The wells ranged in depth from sbout 2 feet in
upper Acid Cenyon to ebout 10 feet in lower Pueblo Canyon. These
wells will be referred to as Acid Cenyon wells or Pueblc Canyon
wells. GSsmples vere collected with a smell hanéd purp or with a
small beiler if the well could not be pumped. Whenever possible,

br(nd\ formotional vsater J'ato
the wells were pumped for sbout 5 minutes toﬁe%e&n the wells.

Streamflow measurements in Acid and Pueblo Canyons and
weter-level measurements in the test wells were madé to aid In
correlating changes in the gquality of water and to study or
determine areas of recharge. Chenges in surface flow vere used
+o determine the losses in streamflovw by seepage into +he sedinments
and rocks of the floors of the cenyons, or the gein in flow by
return of subsurface water +o the stream. Changes in water levels

in the shallow and deep ground~water bodies may indicate & hydraullc

connection with surface waters.



1ocations of samples of streamflow collected in Acid and Pueblo

Canyons + e are shown on figure 2. Samples in the
vicinity of the Central Sewage Plent were collected during 1952
at selected times. The quality of semples coliected from the test
wells is shown in tgbles 11 and 12, end the quality of samples
collected from the supply wells, rivers, and reservoirs is shown
in table 15.

The locations of springs and seeps in Pueblo, los Alemos,
and Ancho Cenyons +{tebte—tH) are shown on figure 2. BHamilton
Bend and Indlan Springs were sempled at random. The samplés et
TUamilton Bend Spring were collected et the end of a discharge
pipe driven 1nto the bank of the stream, and the semples from . . _

Tndian Spring were collected from & concrete trough.

1k



—

1S &
’ Rivers _ were

Sample collection '\f‘::'oz.; tlhe Ric Chome and Ric Grandg\, A"bo

obtain background data and TO deterrying ii

T1os Alemes resched the Ric Grande,

- o e

were collected fron the Rioc LIama st

wimido, the polnt ferthest UpsTrean in the sazmling net; at Otowi;
and =t Cochiti, the ncimt Faxthest downstream (fig. %). Somples

Figure #.--Map of river—sampling sites con the Rio Chame and

Rioc Grande.

collected daily at the Chammits, Brbude, and Otowl stations were
composited into monthly samplies for each station and sent to the
los Alamos Scientific Leboxratory where taney were fus-thexr composlted

intp S-wortih sarmples for ench station. The river at Cochiti was

sarpl ed weekly, composited into a i-month sample, and then composited

imto = 3-ponth semple {EEoXe—35).




Acld-Pueblo Canvon disposal system

Waste waters have been discharged into Acid Canyon by &
since abeut 195!
waste treatment plan‘t':.\, and sewege has been discharged in Pueblo
Canyon by the Pueblo and Central sevage plants since 10u4,

Three weirs, recording streamflow in Acid Canyon, were operated

from October 1, 1950 to July 1, 1952 (fig. 5) on the West Fork,

Flgure 5.--Loceticn of weirs and stetions for streamilow
measurements in Acid and Pueblo Canyons, los Alerws and

Sante Pe Counties, N. Mex.

South ForK and et the mouth of Acid Canvon. The West Fork weir
measured meinly storm runoff; the South Fork weir measured, primerily,
waste from the treatment plant, plus some incidental waste from
vehlcle washing near the leboratory, end storm ranoff; the weir at
vhe mouth of Acid Cenvon (Acid weir) messured the combined flow of
the two upper weirs and storm runc®f. The distance from the <wo
upper weirs +to the lover weir is about & guarter of a mile. Flow

is in & narrow steep-walled canyon cut in the Tshirere Member of

the Bandelier Tuf®.



Data of losses end geins of flow at the weirs (fig. 6) indicate

Tigure 6.--Hyarograph of stresmflow in Acid Canyon, October
1950 through June 1952, showing loss or galn between

upstream stations end the mouth of Acid Canyon.

+that ebout 25 to 50 percent of the streamflow at the two upstream

weirs was lost from the stream by seepage or evaporatlon before it
reached 'bﬁe lower weir. Streamflow lost to bank storage during

periods of high flow returned to the strean during periods of

1ow flow (fig. 6). A large part of the loss from the siream was
in +he numerous joints and fractures in the tuff, as the tuff
tself hes low permesbility (teble 3).

The average weekly discharge of waste and sewege (table 1)
ig indicetive of flow in upper Pueblc Canyon, except for that
lost by seepage into the alluvium and underlying rock, evaporation,
and transpirstion. During the warmer months of the year much
of the sewage discharge was used for irrigetion water and 4id not
reach Pueblo Canyon.

Spot messurements of surface fiow made in Acid and Pueblo
Canyons on June 10, 1952 (tsble 5 and fig. 2) show that the
streamtlow veried between 31.0 and 58,8 gym sbove the Central
Sewage Plent. The large increese in flow at station 5 reflecj:s

discharge from the Central Sewage Plent.



Tebie 3.--Permesgbility of the Bandelier Tuff i

(Anelyses by the U.D. Geological Survey

Hydrologic Leboratory)

Coefficient of

Core Porosity permeability
nurber Bandelier Tuf?f (percent) (Meinzer's units)é/
5 Tshirege Member h€.3 1
6 de. 35.8 1
' 7 dc. 38.0 c.5
& do. 37.2 2
g do. 47,3 ¢ &/
1 Otowi Member h6.9 8 (
2 do. 50,2 c.08 2/
3 cuaje(?) Member 30.3% 12
L Guaje Member 0.0 5

1/ Meinzer's units are defined in Water-Supply Paper 887
as the flow in gallons per day per square foot of
cross-sectional areaz under a 100 percent gradient
at 60° T,

g/ Semple cored from near the surface and thus considerabliyy
wedthered.

3/ Not representative of the gross permeebility of the
member. Probably represents the minimum.

T a




Teble !t.~--Average weekly volume of sewage discharged into

Pueblo Canyon and volume of waste discharged into Acid

Canyon, July 1951 through December 1955,

in gallons

Sewage plants Waste plant

Periocd Pueblo Central Aeid Canyon
July 1951 through October 1951 1h2,020C 2,292,900 154,878
November 1951 through Mexch 1952 1,806,750 2,568,845 oh,108
April 1952 through October 1952 143%,901 1,35h,T4T 145,985

Noverfcer 1952 through March 1953 2,225,328
April

November 1953 through March 195k 2,266,212

1,151,220 210,446

1953 through Octeber 1955 120,950 805,963 - 165,732

1,027,570 233,957

April 195k through October 1954 2l ,64€ 236,150 215,01h
November 195k through Merch 1955 2,302,373 685,109 197,151
April 1955 through October 1955 207,000 151,765 203,985
Novernber-December 1955 2,070,700 235,565 189,529

t1 b




Teble 5.--Streamflow measurments in Acld end Pueblo Canyons
on June 10, 19952

Staticn Discharge
West Fork Welr C.6 gpm
X . 1,0
Soutl} Fork Welr 1.9 gpm
Total Tlow (sum of above 2)- 2.5 gpm
At & point 20 yards below -‘unctio
South Fork and West Fork of Aci
Canyon. No flow
Streamjoed st o point sbout midway
between upper Weirs and Acid No weter 1 foot below
Weir. streanbed.
Point 80 verds sbove Acid Velir, Water fiowing out of rocks
wvheres the stread I bed dreps egbout the same rebte as that
gbout 20 feet over rocks. seeping into “he pocl above

the gaging station.

Acid Wedr 15.0 gpm

Pueblo Canyon, 50 yards
uth of 4cid Cenyon. 36.6 gox

Funesion of Acid Canvon and

Paenlc Canyon (sum of above 2)- L5.6 gon
gtetion 2, Pueble Canyon, 150 o

500 yards below Acid Canyoi. 58.8 gom
Stetion %, Pueble Canyon, 300 to

500 yords below Acid Canyon 31.C gpm

staticn &, Pueblo Canyon, 70
yards sbove Ceniral Sewage
Plent infall. .o gpm

station 5, Pueblo Cenyon, 200
;,rar:l._ velow Central Sevage
Plant infell. 122.0 gpm

17 ¢



periodic estimetes cf streamfliow were made beatween December

1051 and October 195" (teble 6 and fig. 5) at six stations in

the middle and lower reaches of Pueblo Canyon to study the in-
r£i1+ration of water downstream from test well 2 where tThe canyon
widens. Flow ot stetion 6 correletes roughly with total discharge
sntoc Pueblo Camvon, except during periods when the stream is
affected by runofi from precipitetion. A general decrease in
53 =, + % : - Lo a@'?f - b c
discharge Irom the Central Sevege DPlant Sw=ec eerly 1552 caused
2 considerable reduction of stream Ilov at gtaticn € and prowded
ciily intermittent flow at station 7. TFlow at stetion T does not
eppear to correlate directly with &ischerge from the Cenmtral
Sewage Plant, about one-nalf mile upstream.

The stream flows mainly on the Ctowl Menoer of the Bandelier

./\ o L . c - 7 ‘

Tuf? end partisdly ewer Puye Conglomerste between sTavions o and 8,
and oz a compacted silt leyer hetween stations 8 and G. Most of
the infiltration tekes plece upstresm from station & (Bemilton Bend),
heceuse the puniceous tuff and conglomerate is more permeable than
e silt layer. The streen Flow loss between stations & through 9
) LRI o r\p s Y
ig highk, except for flood flcw as occu;ed orn April 9, and July 15,
1952 (teble 6).

Flow was reported &t station 10 on Pewer +than half the dates.

No flow was reported at station 11, opposite test well 1. It can

pe assumed that no waste weters reach the Rio Grende as streamllow

- L LA o (\'0
except during fiocod Ilow.

18




UNITED STATES :
DEPARTMENT OF THE INTERIOR File No. {

GEOLOGICAL SURVEY
Teble 6.-—Discharge et Pueblo Canyon stations and

from Hawmilton Bend Spring and Otowi Seep, 1951 through 1954
(Discharpe in gallons per minute)

Sta. Bta- | Sta- | Sta-|Hamild Otowi| Sta-| Sta-] Stac
tion | tion tion|{ ton Seep tion| tion| tion
6 7 8 |Bend 9 | 10| 11
28 | 2] 7| - 6 | F F| o
70 58] 25 - Y | 20 F -
105 go| 65 | - v | s0 | 10 o
200 | 150 |105 | - 8 18 | 14| o
215 | 175|125 | - | 1% | 8 23 | o
350 200 | 95 - 13 60 18 0
300 | 165 ]100 - 15 | 85 12 )
500 | L2s | lps - 17 | koo 13 0
275 | 200 | 50 - 13 | ko 10 0
8 | 15| 15 - 7 | 12 6 | o
115 70 | 23 - 13 | 15 o 0
100 35 0 8 10 0 i 0

40 | 300 | 275 2 10 |150 0 0 L
90 0| o© b 11 0 - )
125 .1 60| 10 5 5 o) - 0
75 0| 15 | 10 0 15 - 0
300 0 ¢ 12 5 10 - s)
60 0! o 12 10 @] - 0
150 40 0 10 10 0 - o}
F F 0 10 10 0 - 0
-F F F - - - - -
300 | 250 | 25 |10 10 15 | 8 0
300 | 200 15 | 10 10 | 10 o] o
250 150 | 10 10 8 10 0 0
100 60 0 10 3 0 0 0
0 0} o 5 2 51 o 0
10 0 0 5 1 3 -0 0
150 0 0 5 1 3 0 0
0 0! 0 1 2 0 0 0
6o | s o |8 2 2 0 0
100 | 100 o |8 - 0 - -

1B




»-2s0 UNITED STATES .
' DEPARTMENT OF THE INTERIOR  File No. { Washingion —
GEOLOGICAL SURVEY | Distriot oo _

2able 6.--Discharge at Pueblo Canyon stations - Continued

P
i

Sta.  |sta- | Ste- | Sta- Hemlly o i | Sta- |Ste- Sta- |
+ion | tiom | tion SB:%ijd +ion [tion | tion
Dete 6 T g [SPTIN& geep | 9 | 10 11

' _132% F| ELo_F|8 = - (I U R

‘ 1 _13_2;_4 . F ¥ F 8 | - - - o

Feb .26 200 150 so] 8 - 50 0 0
.2 i 50 20 ) 5 2 5 0 0
v 28 L0 10 0 - - - - -

Aug. 2l 50 50 0 8 2 2 0 0

Sept2d 1l o 0 ol 8 1 2! o0 0

D

Oct.2% | 39 .30 0 2 1 5 0 9]

F Frogen

_____




Quality ov water

Samples collected from 1 wo ! sampling points on 5 detes
in the Acid Canyon wells and from 2 to 5 sampling points on 8
dates in the Pueblo Canvon wells were analyzed by the Los Alamos
Scientific Laboratory. The only apparent trend of chemical
constituents in semples Trom either canyon was a downstream
decrease in the vH values in water from wells in Acid Canyon;
however, some gross effects were noted (tetle 7). The range and

average of most of the constituents in samples collected from

Puehlo Csnvon wells was substantially less than in samples from
Ac Canyon, due largely to dilution by sewage in Pueblo Canyou.

The avereges of the Tiuoride ion and totel sclids in water from
Pueblo Canvon vere slightly below nrrxicipal tolerances, al “hough
several individual samples ccliected from wells in lower Pueirlo
Conyon conteined fluoride and total solids above these tolerances.
The concertration of nitrates wes high in samples throughout most
of Pueblc Canyon.

Dete from one set of semples collected in Acid Canyon and
snalyzed by the Geological Survey (table 8) shows only thei the

average concentrations of the fluoride, nitrate, and phosphate

jone decreased downstream.




favle 7.--Summary of chemical gquality of water collected from Acid and Pueblo Canyon wells

(Ana.l'y::%s by the Los Alanos Seientific Laboratoly, in parts per million)

Acid Canyon Pueblo Conyon Accepted stopdard
Annlyses tolerances for
: . . .c
Range Average Range Averuje |uunicipal supplies—

i 7.0 - 10.8 (8:34 8. 8.0 75

9.5
Culeiwn 18 - Gl - 9 - 51 2 ) i
Mogguasium 1 - 13 - 5o- 18 & | - ~

Chbowide 16 - G . - %G 2B 25G

Fluowide 1.6 - 10.0 5.1 0.k - L.o¥ 1.} 1

\
&
S

Setod solids |35k~ 2,201 90 agn - 1,02k L6G 500

Hitewbes (Noﬁ} 10 - BhY 194 Yy - 106G 57 20

al. .
— J.‘_;I:_))‘r.

—

Y3

2 ope survince somple 9.0 ppn.
< . E v . %) - "
) public Health Service figures, LuhO.

8 g
ef §3.8-583"F

er’



Table %3.~~Chemicél quality of water from Acid and Pueblo Canyon wells

(Analyses by the U.8. Geological Survey, in parts per million except as indicated)

Specific
_ Date of Bicarbonate | Chloride | Fluoride | Nitrate | Phosphate conductance
e collection (HCO.;J.) (c1) (F) (NOB) (r0,) o (micromhos
at 25% C)
Acid Camnyon
AC-g 10~ 8-5l 80 5 2.4 2.6 1.0 - 17 63
AC-H 10~ 85k 200 5 T 108 0 - 887
BG4 10~ B-54 164 L8 g 161 1 - 860
AC-t 10- G-5k 167 B, - 11y 2 - T30
Do He21-55 136 2l 5.0 170 Lo 900
i
Pachlo Caryon
R.1 o sl 1 oL 1.h 18 o - 360
Do. 10- Sa5l, RG] 34 1.0 1% ) . iy 3
Do. h-15-57, 155 ) 1.0 65 5 - 541




Table 3.--Chemical quality of water - Continued

Specific
Date of Bicarbonate | Chloride | Fluoride { Nitrate | Phosphate conductance
e collection (HCO§) (Cc1) (F) (moa) (?0,) . {micromhos
at 25° C)
Pueblo Canyon ~ Continued
Pe-2 e g5k 109 19 2,2 50 17 - %61
Do. | 10- B-54 119 31 2.4 54 5 - K77
Do. h15-55 160 39 2.2 66 20 N 508
Do. 62555 172 29 5.2 1%% 2.8 7. 759
B 4 B-11-54 o7 27 1.8 5% 27 - k26
Do. 10~ &-5h Gh 5% 2.4 7L .5 - 491
Do. 4-15-55 80 6 2.2 117 45 - 601
Do. 6-23-55 159 28 4.8 190 7.7 - 866
PC-4 8-11-54 104 24 . Lk 26 - 406
Do. 10w Lh-5k )
Do. ha15-55 91

|9 ¢



Table 8.--Chemical quality of water - Continued

Specific.
Date of Bicarbonate | Chloride | Fluoride | Witrate | Phosphate conductance
Vell pl
collection (HCO 5) (c1) (F) {NO 5) (PO “) {micromhos
at 257 C)
Pueblo Canyon -~ Continued

PC-5 8-11-5h 111 ok 1.8 35 a2 - 390
Do 10-1h-5h a7 35 1.8 66 35 - 436
Do. U155 104 39 2.2 106 Il - 600
Do. 623-55 204 3k 1.8 - 10 7.2 527
PC-6 8~16~5h 125 2% 1.8 18 16 - 372
Do. 10-1h-54 101 20 1,0 52 23% - hos
Do. 4-1h.55 151 3 2.2 51 35 - 556
PC-7 &n16-5h 121 28 1.6 Ly 12 - IS
Da. 10-14-5h 151 3 1.0 27 11 - L8
Do. holh-55 146 6 1.8 65 3L - 537

to A



Table &.--Chemical quality of water - Continued

Specific
Date of Bicarbonate | Chioride | Fluoride | Nitrate Phosphate conductance
" cettection (50, (c1) (F) (n0,) (¥0,) | (mterounos
at 25° C)
Pueblo Canyon - Continued
PC-8 B-17-5k 120 51 0.k s} 0.6 - 440
Do. 10-14-54 119 gl b ) .5 - LE2
Do. L1455 111 %2 8 v 1.h ~ 433
Do. 6-22-55 115 b1 .6 46 .2 7.0 478
PO ‘8-17-5h 187 25 1.2 2.3 5.5 - 35
Do. 10- 1454 133 22 1.2 .9 6.5 - 3%
Uo. 6-2%-55 162 35 1.0 3 .3 - LT7%
010 10-13-54 181 23 .8 2.4 .8 - 136

i)



Sarples of surface “low in Puebhlo Camyon above and below the

confluence with Acid Canyon and a@bove and below the outlet from

the Centrel Sewage Plant (table 9) show that the ldaily changes in
quelity of water from the three sources of discharge caused
‘sufficieni variations to meke significant irends difficult to
recognize. Samples collected et Acid Welr and surface flow

semples collected from near stations 1 and 2 in Pueblo Canyon

(table 10) also show that the concentrations of the chloride,
Tluoride, and nitrete ions generally were higher in waters in Acid
Canycn, but that the concentration of the phosphate ions from the
sevage plants generally was higher, commonly 3C to 40 ppm (parts

per million), than in Acid Canyon. The specific conductance ranged
between 500 and 1,080 micromhos (at 25° ) and averaged about 830
micromhos in Acid Canyon. In Pueblo Canyon the specific conductance
ranged from 370 to 600 micromhos and decreesed irregulerly downstream
from an sverage of 580 in the upper part of the canyon tc an average
of 485 in the lower part.

The dally aversge concentration of plutonium in waste water
discharged from the waste trestment plant in Acid Canyon during
195% and 1955 was sbout 110 d/m/1 (disintegration per minute per
liter), but the concentration in slug discharges may have been as
nigh as 500 tc 800 d/m/1 or as low as 10 to 20 d/m/1. Plutonium
concentreticns above 300 d/m/l were rere. Nothing is known of the
concentrations of contaminetes in the discharge from the contaminated-

vehicle washing area at the site.



Table 9.--Chemical guality of surface flow in Acid and Pueblo Canyens

Results in parts per million except as indicated)

(Analyses by the U.5. Geclogical Survey

SN

1ol 4
z0n

e i —-
] j T j ! ' j Dispolved solids | Bardness T epecaric i
Date Da- . jced- | mag- | So- | Po- H : (repidue st 180°C)| as cacO3 | Per | conduct- )
of charge silica| Trom |otwm| me- , dium | tes- Bicar- | Sul- [Chlo- | Fluo- | Wi~ Verts T6RE Calcium, | cemt (m:-uce oE "
Point of collection Col- (gallons| (s10,) i (Pe} [(Cu) | sium | {N8) | sium vopate | fate ride | ride [trate per per nagne- 80- mc";; ! Remarke
lection | per i () ¢ (®)  (mCo,) ! (80, (c1) (P (IO}) all- scre- siun afun eg.’m
minute) ! ! i > ' ion fooy, S
i ]
i : | | .
150 ft gbove flow from 1-3-52 8 2 ; 0.06 | 18 , 5.6 8 15k o6 | 28 | 1.6 7 334 0.45 68 2] 545 7.1 1 Plow in Pueblo Cenyon
Central Sewage Plant ; : 1 : I
50 £4 belaw flov from 1-3-52 110 25 | .07 ! 15 42 @ ) 26 ‘ 27 1.6 35 319 ‘. U3 55 78 553 7.3 | To.
Central Sewage Flant : | i i !
i : i i
200 ft above flow from . 2-beg2 10 21 | .0 ! 8 5.7 % 138 27 | 3 1.8 81 U5 a7 o 75 578 7.2 Do.
Ceptral Sevage Plant . | i . .
: i i :
Outfall from Central Bevage 2le52 - .- j - - - 210 - ; 30 1.6 35 - : - - - 568 ! Sevage
Plant . i i ! | i !
H H i H i
Central Sevage Flamt : s ; i i '
effluent, just above | : i ' . : :
confluence with P R P .. . w6 i - | s, 16 | W - - - - 540 Do.
Pueblo Canyon i { : i : i |
100 ft belov flow from : 250 o ¢ .og| 12 2.0 ’ 109 223 261 3 | 16! m 335 | b6 58 & 578 7-5 | Flow in Pueblo Canyon
Central Sewage Plant i ; _ I i H i
100 yds. above Test Hole 2 and| 2eh-52 . [ - 196 . oae o0l - - - - 551 - Do.
24 . ) |
| ! i . : |
. sbove Test Hole 1 and | 2_._521 - B . L _ e | R o } } A 516 ) .

1.6}
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Table 9.~-Chemicel qumty of surface flovw in Acid and Pueblo Canyons--Continucd
, I T T T BIccoived Golids | Hardness TSpecific | T
Date ’ Cel- | Mag- | so- | Po- | ! | (restaue st 180%c) ! as CaCOy | Per |conduct- |
of Silica I Iron | cium | ne~ | dium| tas- | Bicer- { Sul- |Chlo- | Fluo- i m- Paris 08 Celelum, | cent | ance pH
Poiat of collecti 1- | (310,)| (Re) | {ca) | stum | (Ne) | simm| bomete | fate lride | ride ltrave! por per | uagne- so- (micro- R Remarks
i RN PW-eeoll B e) W] Goof | (o o) | I (Gefl m s . G | otes e |
h : i ; : lion oot ! 25° ¢)
i | i i : i : : :
i | i ' . Do i : : !
200 ft sbove flow from | 3-6.52 - 28 5.3 8 1139 1 25 [ fa6 1T 32 08 167 H S41 1 7.3 Flov in Pueblo Camyom
Central Sevage Plant | | i | | ; : i . X ) |
Outfell from Cemtral Sevagd 3.6.52 6 | - 4 1B | 3 ™) owo loee T8 ;o o 5 LI A X Sevage
Flant : t | i , | : . |
b . ' ' !
Central Sewage Flant ! ; i : i | ; : C !
ffluent. t abo’ ' ' H i
poipic Sl 562 O I A a 1 o® s s ue w0 a6 ) v pa.
Pueblo Canyon : . K L. ! '
100 2% below flow from | 3.6.52 59 . - 17 3.5 I A - by o3k KT 5T 76 0 51 7.6 Flow in Pueblo Canyon
Central Bewage Plant | i | ' )
! ! :
Pueblo Sewage Plant [ -y - - - 200 | - 2 . 2.0 32 - - - - 595 7.3 sevage
effluent i ! ! i i i . H )
Acid yeir U hezese R - - ;%0 . P 8.0 [0 ¢ - ; - ;oo ez { 6.6 Flow in Acid Canyon
; ; | i :
H ! i i H . !
! ; : : ! i : ; | . ‘ -
200 yds. below confluemce . b-3.52 - | - | o= - S omE - bR 1E s S s T ney i huio cenpen
with Acid Canyon i | : ] ] : i i H
! | i : :
150 yds. abave flov from | } i i H | .
Central Sevage Plamt | x..ﬁz! - - - , 187 | - = | a8 - - J - -] e 7.1
| |
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Table §.--Chemical quality of surface flow in Acid and Pueblo Canyons--Continued
—
v Bissolved l;mﬁﬁ. 55
i Date bis- cal- | Meg- So~ Fo- _| (residue at c) {na Per conduct-
of charge 81lica | Iron |cium] ne- | dium | tes- | Bicar- | Sul- Chlo- | Pluo- | Ki- . ns clum, | cent ance PR -
Foint of collection . Col- (gadlons | {810,) | (Fe) | (c8) t(a!.m;: ) Bt‘u bonate | fote | rite | ride frate| per per - | wo- (:ih:ro-t Rewarke
! lection per Mg X, B0, 80, €1] ¥ N, 1- acre- slum ddum e &
mizute) ) | teog) | () ) (@) | ) [(moy) iien foot 25° €)
150 £t sbove flov from - N X
et Bovege Flant b-10-52 1,000 40 | 5.7 38 _ns | 13 8.0 0.7 |24 200 0.27 58 59 148 7.3 Flow in Pueblo Canyon
Outfall Trom Central Sewage |.1o. 00 - . . N - o D1 - . R . y
+ 10-52 ¢ 47 34 Pk 1.8 609 7.2 sevage
Central Sewage Flaot
effluent, just above i
confluence with - 00 - - - - - i - . - - -
Patrine bt §-10-52 5 226 ! 35 2.0 B 561 7.3 Do.
100 £t belov flov from 304 . . ‘ | .
Central Sevage Plant b-20-52 35500 ko Wyt 4% A SN & 23 T2 Plow in Pueblo Canyor
) :
Acid Neir - - - . . i . ! - ! - -
16~10-52 38.6 80 - 521 i 9.0 :258 - i - ik Plow 4n Acid Canyon
| )
150 yds. below confluence 16-10-52 58.8 - - - - - 00 i - 27 24 |17 _ - [ . 540 . Flov in Pueblo Caxjon
of Actd and Pucblo Canyons ! : !
. | : ; : !
400 yds. below confluence 0.5 | 30. . - e - - [ ;1. . . - . w1 -
of Acid and Pueblo Canyous £-20-52 i o ! 08 l 21 : 6 Do
| ' .
0 yas. sbove flov from i i ;
Central Sevage Plant 6-10-52 .88 [ - - - - ws | - e ; 1.6 | 66 - - - - 165 - D
| ‘ .
1 |
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Table 9.--Chemical quality of surface flow in Actd apdPurblo Canyons--Continued

T l T Dissolved nolids | Eardness Bpecific T
Date Dis~ cal- |Mag- | So-| o~ | {residuc at 180°C)| as CacOs | Per | conduct- | Remarks
Point of collection T ot charge | Siliea | Iron | cium | nme- | dium| tas~ | Blear- | Sul- | Chlo- Flmo-| Ki- [ PaFGs TonE Taleluk, | cent arce | pB |
y Col- (gallons (5102) (Fe) | (ca) |stum | {Na)| stum | bonate | fate | ride ride trate] per per magne- so- | {micro- i
| lection per ‘ i (mg) 1 () | (Eo,) (soh; (1) (A (mj) mil- acye- slum Qi ; hos at |
i minute) i ! Ll i 110n foot 25° ©) "
! : : 1 It | i P
4 T T | T
Outfall from Central Sewage | 8-26-52 | 100 - e - . C s -~ 300 14 18 - - - - k6 - Sewage
Plant ! : i L ; ;
South Fork Meir 10-20-52 | 51 .. . R R s - & B o R R K - W61 . - | Flowin Acid Camyem
P ' P T i i ,
Acid Weir i 10-g2-52 ° 51 ! - oo - . - 66 . 7 589 _ - - B ’ Do
! ; i : : [
Below coufluence with j10-22-52 | - . P - - - - B 2.0 120 - - - - 568 - Flow in Pueblo Canyom
4cid Cazmyon i . ! | ; | | | ; ! : |
i i . i .
; - Do
mi. below confluemce with | 10-22-52 | 30 ' - - . - . 9% - - m ez 16 - - - - 558 :
Acid Canyon : .
‘h;;:n?“ fom Gentral Sevagq 10-22-52 % - R - - 107 - 28 2.0 59 - - - - w60 - Flow iu Pueblo Cazyon
i i | |
Outfall from Cent: _20- ! . i
utall fron Gon ra) Sewage | 10-22-52 | 150 . - ! - . w | - es 18 = - . -y - ! sa1 - Sewage
: ! i
! | ; . i
{ ! I i |
H i H i 1
Central Sewage Plant 10-22-52 0.05 | - - - - ; i i | ! Do.
effluent, just above % - 28 1.0 3:; - - - I o9 L -
confluence with i | i | i
Pueblo Canyon ‘ | | i | i }
Below flow f: - - - - ! H i |
elov flow fron Central Sewagd| 10-22-52 25 ' - 105 - x 2.0 : 59 ; - - - i - 460 = | Flow in Pueblo Canyon
i 1
150 ft above Test Hole 2 and - 22! - i H i
e ole | 10-22-52 20 - I - - 104 - 30 2.0 f [N } - l - | - - a7y - bo.
I i | 1




and

Table 10.--Chemical quality of walter f'rom Acid Weir, Bueble—ts—and Puchbio—
Pesu/ts (m

loallo/a -5‘713 7Z/on,s /?na’f,

(Axialyses by the U.S. Geovlogical Survey, Queaﬁ‘t%y—e::‘—We%er—Brm,4 parts per million, except as indicated)

Discharge Specific

o Date of |(@allons |Silics|Bicarbonate|Chloride|Fluoride|Nitrate Phosphatc conductance

Bouree | ollection per  [(810,) | (HCO,) (c1) (¥) (vo,) | (¥oy) i (micromhos

minute) at 25°C)
Acid Weir 4- 7-5% 8 13 | 110 22 7.0 213 0.4 - 739
Do. 5- k53 10 22 133 25 7.0 164 4 - 661
Do. 6- 9-53 3 2k 146 26 7.0 11y 1.h - 661,
Do, T-13-5% | 25 59 | 1 29 3.0 85 6.6 - 532
Do. 8-19-53 | 10 28 114 23 7.0 93 1.0 - 497
Do. 9-22-5% 5 26 115 31 5.0 141 .0 - 620
Do. 10-27-5% | 10 - o o5yl 30 b4 87 1 - 559
Do. 11-23-5% | 50 - 16 28y os 3.6 28Y 3 - 801
Do. 12-29-5% | 10 - 12 8(s50)| 50 3.6 230 5 - 833
Do. 1-28-5) 15 - 107 40 Lok 366 .6 - 1,080
Do. 2-26-5h 20 - 14y 47 bk 240 1.1 - 932
Do. 3-31-54 10 - 129 Lo L.8 204 .5 - 965
Do. h-21-5k 15 - 133 39 5.2 274 T - 960

97 04




Table 10.--Chomical guulity i waler - Contiuwed
S Dischiig: Speciflic
o Date of |{pellions |Silica|Bicarbonate}Chloride|lMlaorideiitrate|Phosphate| . fconductance
PURECE ol leetion]  per (510, )1 (1co,) (cu) (1) (110, ) (PO, ) PR (nicromhos
minute) . © - 7 l at 25°C)
Acid Weir 5-26~5) 20 - 1h0 29 1.0 198 1.5 - 486
D 0= 30-5h 20 - 140 Sl 5.0 151 1.7 - ‘0%
Do T-26-54 20 - 116 28 5.0 210 1.2 - s
Do. 9-22-5) 0 - 105 il 5.0 252 .9 - 838
Do 10-27-50 @ - 157 36 5.6 193 3.3 - aLs
Bo 11-2h-5h a - Lok hh G.0 231 L.2 - 885
Bo 1-12-55 15 - 110 n2 5.6 272 1.2 - 955 §
Bo 5~ 1-55 5 - 58 by 5.8 55% 8 - 1,020
Do %K1= 15 - 98 bk 4.8 517 1.0 - 1,050
Do. h-28-575 15 - L16 %65 4.8 20l 1.1 - 1,010
D3, G- 3-5¢ 10 - 123, o2 4.8 595 1.0 - Q4.
Do. 6-2%-5, 1 - 162 25 G.h 225 L.G - dok




Table 10.-~Chemics, quality of weter - Contlioued

Discharge Specific
Soutce Date of [{gallons |Silica!Bicarbonate Chloride|Fluoride Nitrate Phosphate|pH |conductaice
: € leollection pey (8i0,)| ¢ HCOJ,) (c1) (1) (Mo 5) (PO ll> (micromhos

minute)

at 25°C)

Pachlo 1

Do

Do.

Do,

D

Do,

Des,

Do,

B,

Deas

Do,

iy,

&

5- h-53
6- 9-5%
7-15-55%
8-19-5%
9-22-1 5
L0-27- 53
Li-23-2
=25
L2254
1-2i-5)h

2-0-k

ol LN

200
125

15
1450
150

15

184

&/(70)

&/( 5

L.0

1.6

1.8

1.6

1.t

29

W

120

e

e

43,0
3.8
9.9

32.0
5.8
6.3

-1
Yy
.2

3

.
\Z

o

W

Jod



Table 10, --Chemical gualiby of water - Continued

Dischurge : Speeilic
Date of |{gallons |Silica|Bicarbonate Chloride ) Fluoride | Witrate| Phosphate conductance
collection pon (3109) (nco.,) (c1) (¥) (NO,,) {r0,) {micromhos
riimte) i ’ ’ ' at 25°C)

Souvrce

Pucihio L h-21-5k 100 - 10 Y 2.k & L5 - ho2

D G261l 100 - 91 Y 1.5 n 3. % - W6

Do 7-30-54 50 - 128 23 2.2 56 16.0 - hh8
Do, B-26-14 50 - D 25 2.4 G 2.9 - 4GO
Do 22~ 4k 2e - 110 29 4.0 196 .6 - T30
Do. 10-27-Hh 40 - 1026 =1 Yl LA 2.3 | - RN

Doy 13-tk 100 - 1% %%

N
"N
(@)
N
[y
-
<
!
—
=
7 e

Do 12155 100 - 19) 57 2.8 s

o
I
e
s
SO
1
[N
R
\c

D e L-5Y 25 - 200 % 2.0 16k 1.C

(e

1
[ex}
\O
@]

RS A=Bl-5¢, 40 - L2 =B 2.6 120 %9.0

Do, J-p8.

N

5 25 - 106 31, 2.8 157 1.1 - ‘129

Da. G- 3-5, 20 - 121 o

. 6-23-15 1y - Lt o8 6.0 220 4oL 1.2 881




Tuble 10.-~Chemical gquolity ol water - Continued

Dischore Specific
" _ Date oi |lrallons [Silica|Bicarbonate|Chlovide |FluorideiNitrate|Phosphate conductaince
POLCCS ) Gollection]  per 5i0,)| (HCO,) (c1) (F) (r0,) | (r0,) |¥' | (micromhos
aiaie) = 7 ? ' at 25°C)
Pucblo 2 h- (-53% 250 5C 12n %6 1.3 Lo 31.0 - 516
Do Y- H-40 100 Be 90 30 1.% 69 %2.0 - h95
Da. G- 9=ty o Ly 130 zh 1.3 2L 3%.0 - L6060
Des. (-1h-4% 10 L& 117 30 .3 52 22.0 - 481
Do Bol)-1, 150 L6 96 o8 1.1 3l 2h.0 - Lo
Do. Gidui-% .1 Ly 186 % 2.0 e 11.0 - 5006
Do LO-2 -5 7 ) - 62.2425) %0 1.4 W6 .8 - hlyy
Du. 11-25-5% 100 - 0 E/( 27) 29 1.0 31 .2 - L5
Do . L2-20-5% | Iozen - 121 3 1.8 T2 1.0 - 560
Do. 2-20-54 200 - 122 25 1.6 33 .8 - Lo
Do . 3-31-5h 30 - G5 32 2.4 8l 3.5 - 508
Do h-1-5k 50 - 8% 32 2.8 9 .9 - 511
Do. 5-20-5h ho - 100 3h 2.0 51 36.0 - 478
Do. T~ 350-5% 5 - 123 28 1.8 2L 25.0 - N
. .7, 0

7 F



Table 10, --Chumical quulity of water - Continued

Dischasgc Specilic
G bute of [(gallows [Silica|bBicarbonate Chloride |Vluoride |Nitrate| Phosphate| i conductance
PR collection por {8i0 (HCO,) (C1) (1) (N0, ) (PO 1}) b (wicromios
riliate) - / 2 al 25°0)
Pucblo 2 B-0G-14 55 - 102 2l 2.k b1, 2.7 - 330
Do ! 9-22-44 0 - 1Lk %9 2.2 W& .G - Lol
Do. NTVESEY SN 100 - 15k 38 2.4 16 25.0 - 526
Do 1L-2-5k 30 - 8l Bl 2.8 &1 Ly, 0 - 508
Do 3-5-55 1 100 - 121 G 2.6 €9 49.0 - 592
Do . h-09-5¢ 15 - 112 51, 2.k 60 35 - 502

"l/‘ .
= Carbonates.

v
<



The averasge and renge of the concentrations of plutonium and
yranium in samples collected in Acid and Pueblo Cenyons BTe. shown

belov.

————

Acid Caxnyon Pueblo Canyon
P S
Plutonium Uranilus Plubonium Uranium
Disintegrations microgranms pigintegrablons micrograms
per minute Per per liter per minute per per liter
liter liter

Averege, 1954 1,131 79 18.5 1.1
Aversge, 1995 726 32 7.1 1.1
Renge & to 2,818 8 1o 162 0 to 56.C .3 to b0

e ———

———

The maxium concentration of plutonium in samples collected in Acid
about one-TEN
Cenyon Wes almost equal to,the tolerance limit (pummer, J- Bes 1958,
P 12) and alnost 30 times the average discherge concentrations. The
high concentretion of plutomivm (mex. 3 ,570 d/m/1; =ve. 930 d/m/1) ir
samples Irom ell AC-2, upstress syom the wasve tregtment plant, wes
fron proceSSed wastes discharged into the canyon vefore the piant v&s
in operatiocn. samples from well AC-3, & ghort distance downstrean
from the treatment plent and vehicle-weshing ares, contained the
highest concentrations {(mex- 2,818 a/m/1; ave: 1,360 &/m/1). &
sigr-.:?.ficant decreasing trend between wells AC-3 and AC-l was evident;

+he data dbelweed wells AC-l end AC-5 wes inconclusive. No significant

trends of the concentration of uraniunm in Acid Canyon were noted.



Table ll.--Chemical quality of water Irom tast vells

{Annlyses by the U.5. Geological Survey, Quality of Water Brunch,
parts per million, except as indicated)

Dissolved solids {Mardness Specific
(residue at 180 ¢) |an Caco conduct-
ye1 | Date of T?mp. Silieca|Iron|Calcium|Magnesium|Socdium Potassium|Bicarbopate [Sulfate|{Chloride |Fluoride|Nitrte 3 Percent| snce -
zober |cotlection| (°F) {(810,) |(Pe) | (Ca) (Mg) (Ya) {x) (5CO,) (so,) | (c1) r) LIV IR per|Tons por | Caletum, |5001UD (ﬁsm-t
oillion |acre-foot|maguesium 25.803’
5-9-52 t - 31 jo.h | 17 0.7 22 92 5.7 3.8 0.9 3.9 1% 0.18 6 1 176 1§ 8.0
5.01-52 | 58 - - - - - %6 - k.0 1.0 3.6 - - - 5- 185 -
5.26-52 | 60 - - - - - 92 - 3.8 1.0 .0 - . . - 187 -
5-51-52 | 60 - - - - - 98 - 12 10 . g.s - - . - 207 -
6-552 | Th - |- - - - o2 - 5.5 1.0 .6 - - . - 190 -
6-5-52 | 15 kg 02| 20 1.4 21 94 6.0 6.0 e | 8.7 15 .29 45 w0 | 1.6
8 7-52 | 69 36 69 15 .8 17 79 4.2 3.8 1) 5 11 16 ﬁ b7 151 7.8
815-52 | 73.50 - | - - - - 9L - 3.5 30 8.3 - - - - 189 -
9. 852 | 72 kg k17 2.1 16 83 3.9 3.8 1.0 ] 6.2 140 19 51 1o 169 | 8.0
g12-52 | 75 - - - - - 9k - 3.5 1,071 8.3 - - - - 187 -
9-19-52 | T3 - 1~ - - - 94 - 5.5 10 ] 8.8 - - - - 188 -
) | 92-52 | 13 - |- - - - 90 - 3.5 3.0 1 - - - - 188 | -
10-2-52 1 12 - - - - - 92 - 3.5 1,0 - - S ow - 188 -
10-10-52 | - - |- - - - 94 - 5.8 10 - - e - 194 -
w1752 | - 56 | .01 20 1.0 20 e 4.9 3.8 | 161 22 4 i 191 | 7.h4
12- 352 | 10 56 01| 20 1.2 19 92 5.3 4.0 1 159 R 5 L2 i85 | 7.6
1-7-53 | 10 56 LObf 20 1.2 19 92 5.1 h.2 - 14 159 .22 : 43 183 | 7.8
2- 353 | 10 56 | .01 20 .8 &/19 81 h.g 2.5 -1 157 .21 E 3 183 | 8.2
3. 353 | 70 57 | .02 20 .9 19 92 4.8 k.o 11 158 .21 1) 3 182 | 8.0
8531 - 62 021 19 1.k 17 88 k.1 b.o % ) 158 .21 ‘B Ky 18 | 1.5
5- 553 | 70 55 02| 20 1.3 17 90 T 2.8 | 1 153 21 39 18 1 7.3
6-10-53 | 70 55 02| =20 1.2 18 0 4.8 k.2 i . 156 21 &% Ly 184 1.6
8-19-53 | Th 43 ST ¢ 1.1 18 8s 5.2 L.o 5 L 136 18 46 | 7.3
9-23-53 | - 5k 02| 20 1.1 17 %0 h.2 4.0 152 21 7] 40 188 | 7.k




Table 11.--Chweiodiquelity of water - Continued : 7 ',/ s
4 4
Dissolved solids |Bardness Specific
\ (residue at 180° C) las 05003 conduct-
Wetl Date of Tsmp. S1lica{lron|CalciwmiMapnesium]Sodium Potascium|Bioar@nate |Sulfate|Chloride|Fluoride |Nitrate Percent| ance o 1
mumber|callectionf(°F) |(810,) {(Fe) (Ca) (M) (na) (x) (g (s0,) (cr) (%) (N°5) Parts per|Tons per | Caletum, |°%iU™ (:11,::0;1», i
million |acre-foot|magnesium 25° ) '
- . . |
8- 7-51 | 55 - |- - - - 11§ - 28 0.5 14 - - - Lh3 -
8 8.5 | 55 - |- - - - By - 28 51 o1 . - - - T
8- 9-51 | 55 ¥ o.02f 29 9.1 18 7.8 1064 29 28 .5 15 297 0.k 110 L7 Lh2 7.2
8.17-51 | - - |- - - - 11§ - 27 S - - - - 52 -
8-20-51 | - - |- - - - 11§ - 28 N - - - - 6 | -
8.2>51 | - - 1~ - - - 1% - 27 4 18 - - - - 456 -
8.26-51 | - - |- - - - viy . 26 .5 19 - - - - 58 -
8-28.51 | 55 kg | 02| % 9.1 L9 7.2 %1 ] 30 o7 .5 22 309 2 12 L7 457 | 7.2
9- 1-51 | 55 - - - - - 168 - 26 4| 26 - - - - b2 | -
11-1h4-51 | 54 so | .03 28 13 ho 154 27 2 .6 37 295 b0 12y 43 oy | 6.9
1-19-51 | 5430 - | - - - - 109 - 2 5 |5 - - - - kx| -
11-2h-51 | 56 - |- - - - 168 - 22 6 | 3 - - - - ue | -
1.29-51 =~ - |- - - - 19 - 25 .6 37 - - - - 438 -
12- b51 0 - - |- - - - 157 - 22 £ - - - - -
11001 | 5.5 s | Toe| 5 7.3 5 Yt ; o | 2 . Tuo ’ % | s |7
2.10-51 | 55.3| 51 | .02| 25 . 53 191 25 2 . 33 291 . 92 15 | 7.1
9- 9-52 | 56 Is | .ok 23 1.7 46 119 27 2% .5 32 =33 .36 89 53 385 | 7.%
9-12-52 | 56 - |- - - - 1% - 20 51 35 - - - - B | - )
9-13-52 | 55.5| - | - - - - 18 - 20 .5 | b - - - - B -
1| g-lb52 | 56 - |- - - - 1% - 22 S| o - - - - »h -
9.15+52 | 56 - |- - - - 130 - 20 S5 - - - - B/ -
9-16-52 | 56 - - - - - 13k - 20 .5 3l - - - - 384 -
9-17-52 | 56 - |- - - - 1% - 20 5 | 3 - - - - Bt -
9-22-52 | 56 - |- - - - 152 - 21 5| 3 - - - - B2 g -
9-26-52 | 56 T - - - 134 - 19 -5 34 - - - - 371 -
10- 2-52 | 56 - |- - - - 128 - 18 5 | 35 - - - - *6 | -
10-10-52 | - - - - - - 126 - 35 .6 22 - - - C - 331 -
10-17-52 | - -~ §- - - - 127 - 15 .6 22 - - - - 343 -
10-23-52 | - - - - - - 106 - 12 .6 20 - - - - 338 -
10-28-52 | - 4% 1} .28| 19 1.9 kL 1% 20 17 .5 21 237 32 80 53 38 | 7.2
12- 3-52 | 55 53 | .09 17 8.1 37 122 19 15 .5 17 221 .31 76 51 321 7.4
1~ 7-53 | 53 L9 09f 17 7.8 b3 125 19 1h 3 17 225 .0 it 53 321 7.2
2- 353 | 53 o | .3 19 6.2 » 131 2 1 .6 12 21k .29 3 5h 305 | 1.9
3- 3-53 | 55 b2 .05 & 6.4 35 1% 22 9.2 6 8.4 212 .29 19 soh | 1.7 ¢
3~ 3-53 | 56 | .05 2 6.3 32 131 20 9.0 6 o/ 19 208 .27 8 7 28 | 1.1
b 8.53 | 51 31 | .01 25 1.3 % 131 22 7.8 5 15 1.9 198 .27 92 38 a2 | 1.1
5- 555 | 56 | 3% | .02| 25 1.2 .25 13 21 7.8 5 [¥s2| % .27 oh 6 292 | 1.7
6-10-53 | 56 | k5 | .03| =2 1.6 % 1% 19 13 R EAY 227 3 8 is 2y |11
8-19-53 | 56 | k2 | .ai| 19 1.3 39 18 20 | 16 5 —723 227 3 78 52 3% | 1.4
9-23-53 | 56 % | .u7] 19 1.5 ko 1% Z 16 .6 |Blay 236 .32 78 53 3% | 1.3




e
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Table 11,--Chemical gquality of water - Continued 5z/¢
Dissolved solids [Hardness Specific
(residue at 180° C)[as CaCoO conduct~
: Well Date of Tgmp. Silica|Iron|Calcium|Megnesium|Sodiwn Potassiun|{Bicarbonate{Sulfete {Chloride [Fluoride |Nitrate 2 Percent| snce Pl
: mumber|collection|(°F) |(510,) (Fe)| (Ce) (Mg) (Na) (x) (ncoj) (s0,) {c1) 82)] (N03) Parts per|Tons per | Caleium, [5031Um (:;:m-t
million [acre-foot|magnesium 25.5(_.';
9-26-51 | T1 66 |o.84 12 b1 1 75 3.1 3. 0.5 0.8 139 0.19 7 34 133 { 1.5
9-26-51 | T1 - |- - - - 75 - 5.(5) .5 .6 - - - . 134 -
9-27-51 | - - |- - - - 8 - 3.0 Nt .5 - - - - 139 -
10- 2-51 { 70 - - - - - 8o - 2.8 b 4 - - - - 140 -
10- 351 | TL.5f - - - - - & - 2.8 R ' - - - - 1h -
10- k51 | 71 - - - - - & - 2.5 .4 .5 - - - .- 139 -
10~ 5-51 { 71 - - - - - & - 3.0 b 4 - - - - 145 -
16+ 6-51 } 71 - |- - - - 79 - 2.8 b 4 - - - - 1hh -
10- 7-51 | 73 - 1- - - - "8y - 2.5 R .3 - - - - 1y -
10- 8-51 | - - |- - - - 8o - 2.8 & R - - - - 1% -
10- 9-51 | 1 - |- - - - 82 - 2.8 R 4 - - - - K51 -
10-10-51 { T - - - - - 8 - 2.5 .4 .5 - - - - 1lo -
10-11-51 } 7L - - - - - 82 - 2.8 4 4 - - - - 153 -
10-16-51 | 72 -]~ - - - 8 - 2.8 R b - - - - 139 -
10-21-51 | 72 - - - - - 8 - 2.8 A 6 - - - - 139 -
10-25-5) | 70 €8 | .29/ 1k 3.7 11 8 2.7 2.5 M .6 1k2 .13 50 32 138 | 1.5
- 1-51 | 70.1f - | - - - - 79 - 2.5 i .6 - - - - 1ko -
- 551|171 - - - - - 8o - 2.8 b .6 - - - - 1ho -
o | WB- 95| M) - |- - - - 8 - 2.5 -4 -5 - - - - tho | -
11-14-51 | 71 - |- - - - 80 - 2.5 4 .6 - - - - 140 -
13-19-51 | .2 - - - - - 8 - 2.5 b T - - - - 1 -
11-2h51 | 71.2] - - - - - 8o - 2.5 L b - - - - 1h2 -
11-29-51 - - - - - - 80 - 2.5 .k .6 - - - - 150 -
i2- 1-51 | 7.5 68 02| 1y 3.7 11 T 2.6 3.2 R .5 1h2 .19 50 32 139 7.6
4.10-52 | 70 - |- - - - 8 - 3.2 .5 8 - - Ly - 138 | 1.6
b-2n-52 | 66 - - - - - 83 - 2.5 g -9 - - - - 1% | 7.9
4-26-52 | 68 - - - - - 81 - 3.2 ks .9 - - - - 15 7.9
5- 1-52 | 68 - - - - - 8o - 3,0 A 1.2 - - - - Lko 8.0
5. 6-52 | 66 - - - - - 83 - 2.8 A .9 - - - - 14k | 8.1
5-12-52 | 69 - |- - - - 83 - 3.0 .5 -5 - - - - 14y -
5-16-52 | - L - - .4 79 - 3.8 .5 -5 - - - - 156 -
5-23-52 | 58 64 | .o5| 15 4.7 9.9 8y 3.4 3.0 .5 .5 142 SUES 57 27 w2 | 7.7
9-;?52 1.5 75 .03 1k 4.8 9.0 82 2.5 2.5 .3 .2 148 .20 54 26 1 | 7.6
9-26-52 | 12 - - - - - 82 - . . . - - - -
10- 2-52 | 72 - - - - - & - 3? § 2{ - - - - ;'.!lf -
ig-ig-gg -l m | o .7 13 gzlg 8 AN 3 :: i ' o - el
-1or - . . 2 .0 . . 1 .20 1% b
12- 3-52 1 M1 T3 | -01f 1k E 3 10 .8 3.1 g.o ? .2 1hg .20 ;g gg 1£ ;.5
1-6-55 | b 75 | .01 15 4.1 10 83 2.9 3.0 .3 .5 152 .21 54 29 i [ 7.h
2- 355 { L 75 | .02f 15 4.3 8.3 8o 1.7 2.8 R g 147 20 55 25 . | 7.0
3 355 | TL.50 T | .02 15 b2 9.0 B2 1.9 2.8 Wb .8 148 .20 55 26 i | 7.6

. —
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Table 11.--Chemical quelity of weter.--Continued : 277
Dissolved golids Bardness Specific
{residue st 180° €) as cacol ' conduct- :
Well Date of Temp. Siliea Iron Caledum Magnesium Sodium Potassium Bicarbonate Sulfate Chloride Fluoride Nitrate Percent , S0e€ T
mumber collection (*F) (5102) {re} {ce) (%) {Na) (x) (BGO5) (s0y) (c1} (" (303) Parts per Tons per Calcium, sodium (miero-  pH :
million acre-foot magne- mhos at
gium a5 c)
11- 2-51 55 sk p.01 8.8 2.0 10 50 5.2 2.0 0.4 1.6 109 0.15 30 ko w1 .T.3
11- 5-51 56 - - - . - 51 - 2.0 R 1.6 - - - - 105 7.5
7-16-52 58 57 1.4 7.5 3.2 8.3 50 3.5 2.2 -2 1.7 109 .15 32 36 101 7.8
12- 3-52 54 62 3 B2 3.7 9.2 55 5.1 2.5 -2 1.5 120 .16 36 35 05 1.2
1- 6-55 53 60 2.6 7.8 3.7 2.2 53 4.5 3.2 -2 1.6 né .16 3 37 102 LTk
2A 2- 3-5%5 52 53 .2 7.3 i.2 ht 51 L5 2.5 5 2.2 10 .15 23 57 102 1.3
3- 3-55 53 87 T2 7.8 1.2 16 58 L% 2.5 5 1.7 121 .16 24 58 107 7.1
h. 7-55 53 55 07 7.0 1.3 1k 51 R 2.8 b 2.2 112 .15 23 57T 105 .7
5- 5-55  §0 61 .07 7.6 1.6 13 51 4.1 3.8 o3 1.8 118 .16 26 52 103 7.1
6-10-53 52 59 1.0 7.8 1.2 12 18 k.0 3.5 ] 1.2 1/111‘ .16 2k 51 103 7.2
8-19-53 - 63 .95 8.0 2.3 n 52 k.3 3.0 b 1.9 =121 .16 30 b5 108 7.2
9-22-53 52 60 1.5 8.0 2.3 n 50 4.4 3.0 ' 2.5 1ns .26 30 . &k 105 7.2
1-19-52 T4 75  0.05 20 6.6 1 108 4.h 3.8 0.4 1.1 173 0.2h 7 25 192 7.6
1-20-52  Th - - - - - 1068.. - .o .6 1.5 - - - - 1% -
1-21-52 % - - - - - 107 - 3.5 -6 1.8 - - - - 195 -
1-22-52 T4 - - - - - 108 - k.5 -6 1.3 - - - - 191 -
1-28-52 172 - . - - - 12 - 3.5 N 1.4 - - - - 188 -
1-29-52 T4 - - - - - 113 - 4.0 .6 2.2 - - - - 193 .
1-30-52 T4 - - - - - 109 - 4.2 .6 1.5 . - - - 19% -
1-31-52 T - - - - - 13 - 3.8 -6 1.5 - - - - 193 -
2. 1-52 T4 - - - - - m - Lo .6 1.5 - - - - 192 -
a- 258 74 - - - - - m - 4.0 .6 1.8 - - - . 192 -
2- 652 T3 - - . - - 109 - 4.0 .6 1.8 - - - - 188 -
2-27-52 2.5 - - - - - 12 - 5.0 6 1.5 - - - " -
3- 352 T75.5 - - - - - 113 - 5.5 6 1.1 - - - - ) -
3- B-52°' 75 - - - - - 110 - 5.5 -6 -7 - - ‘ -
3-13-52 75 - - - - - m - 5.5 -6 -9 - - -
3.08.52 - - - - - - 12 - 3.5 - 1.6 - - 15
3-25-52 T4 - - - - - n2 - 4.5 b 1.6 - - 7.6
3.p8-52 74 - - - - - 120 - 5.2 .3 -9 - - T.5
12- 5-52 66 73 kb 20 6.4 n 109 4.0 k.0 5 5 173 24 7.4
12-12-52 b - - - - 115 - k.5 5 -6 - - 5 .
1- 7-53 Th 76 0L )9 6.2 14 113 3.8 4.8 .3 .2 180 24 73 :
2- 3-55 Th kil L0219 h.6 17 12 4.0 h.2 R 1.1 180 24 .
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Table 11.--Chenicel quazlity of water.--Continued
Dissolved solids Hardness Specific
' (residue st 180* ¢) s caco conducte
. Well Date of Temp. Silic& Irom Cslcium Megneaium Sodfum Potassium Bicarbonste Sulfete  Chloride Fluoride Nitrate 2_ percent ance PH
mmber collection (°F) (540,) (Fe)  (ca) (W)  (ha)  (x) (Roy) (s () () (o, perts per Tome per Calcim, sodium (micro-
million acre-foot magne- mhos at
sium 25° ¢}
5-31-51  61.5 - - u 6.2 ‘ 8 - : 3 ) : : 2 - %
531-51 655 - - 1 3-9 . 2 : : 3 i - % - - T
6151 €8s - ~ 12 £.7 - 83 - - -2 - - 58 - 154 7.7
6. 2.91 ~ 65 o.m n 6.6 12 91 2.} 2.5 0.2 0.2 145 0.20 54 33 1kg 8.0
& 58 : ° : - N - 91 - - .2 - - - - - 151 8.0
e - - : i - _ 5z - - .2 - - - - - 1y 7.7
6-i7-52 6B 68 03 12 €.7 1z 91 3.5 5.0 -3 .2 151 .21 58 31 151 7.6
6162 70 N : - - - % - 2.0 .2 A - - - - 152 -
4 6-19-52  69.5 - - - - N z : g = 3 ' : ' . w -
6-20-52 69.5 - - - - - 90 - 2.2 -2 .7 - - - - 151 -
6-22-52 70 - - - - - % - 1.8 -1 -7 - - - - 151 .
62os2 1o - N - _ _ gh - 3.0 .1 .8 - - - - 161 -
6-27-52 70 - - - - - 94 - 3.0 .1 .9 - . . N 155 -
7-11-52 70 - - - - - 90 - 3.0 -1 1.0 - - - - 154 -
7-17-52 10 73 2 1 7.1 9.4 87 1.8 2.2 -1 - 148 .20 56 27 g 7.2
1255 70 - 81 1 on 7T 9.2 88 2.6 2.8 3 -2 158 .21 59 25 18 7.5
1- 753 0 7h 0 on 7.9 10 94 2.3 1.8 .2 .3 154 .21 60 27 1h7 7.6

a/ Conteined 7 ppm carbonate (003)

b/ Contained 0.3 ppm phosphate (Pob)
e/ ctoptained 0.3 ppm phosphate (Poh)
4/ Conteined 0.2 ppm phosphate (ro,)
e/ Contained 1.6 ppm phosphate (Pou)
£/ Contained 2.0 ppm phosphate (Po,‘)
g/ Contained 3.2 ppm phosphate (20,)
b/ Conteined 6 ppm carbonate (005)

1/ Contained 0.1 ppm phosphate (Poy,)




-

Apparently only & relatively smell emount of plutonium and
wraniur moved Irom Acid Cenycn into Paeblo Canyon. This probably
wes due Lo the retemtviorn of these ions in the alluvium in Acid
Canyon and dilwtion in Pueblo Cenyon. The concentration of
plutonium rose slightly between wells PC-1 and PC-2, indicating
that the increment of plutonium was sdded from Acid Canyon rather

+han upstream in Pueblo Canyon.
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Padicectivity @f the slluvium

The concentrations of gross slpha and uranium of alluvium
in Acid Cenyon were‘ relstively low except for several samples
collected at stations near wells AC-2 and AC-3 (table 10A). The
stelion near well AC-Z is sbove the outfall from the trestment
plant, and it is probable that the radicactivity found et depths of
2 and > feet was retained in the alluvium from wastes discharged
before the plant was in operation. Most of the radioactivity at
the station near well AC-3 eppears to be from the seme source.
Redioactivity mey have concentrated in this reach of Acid Canyon
ir smell depressions in the alluvium. About 75-95 percent of the
radiocactivity was retained on particles which passed through an
18 mesh or smeller screen. The radiocactivity decreased dowmstream
below the station near well AC-3.

Radioactivity in samples from stations in Pueblo Canyon was

lovw and uniform throughout the canyon.




Pable 10A.--Radiological analyses of streambed alluviwn in Acid and Pueblo Canyons

(Analyses by the Los Alamos Seientific Laboratory)

Acid Canyon, June and July, 1954

Gross slpha Uranium
(counts per minute { counts per minute
pex dry gram) per dry gram)
Depth 7
Sampling station~
AC-1 AC-2 AC-% AC-L | AC-5 | AC-1 AC-2 AC-3 AC-4 ;‘XC-b'
Surface 59 18 6% | 185 9 | 10 & 55 16 1
1 Foot 8 5l 2,125 | 161 7 | 3 6 9% 13 |2/ 14
2 Toot % 97 1,721 |B 52 1820 1278 170 116 - |®6 o
. a By e v ' ,
5v00t |& 35 | Eoarr | #,510 - N L L 100 - - )
b oot 13 5 | B o5 - - B L - . - -
5 foot &y - - - . g/ 1 - - - _

g



Table 10A.~~Radiclogical analyses of streaubed alluvium - Continued

Pueblo Canyon, July 19, 195k

Gross alpha
{counts per minute per diy grau)
Depth Sampling ctation A
FC-1 PC-2 PC-3 PC-4 | PC-5 | PC-6 FC-f PC-8 BC-9 |PC-10

\
. et
Surface 7 17 9 23] 5 20 30 T 8 9 o
1 foot 10 1k 19 15 15 11 1L g b b {

2 foot 6 13 20 3 15 11 16 5 5 11

1/ . s . .
L/ Seaapling station is nearby cvservation well, as listed.

a/ ]
&/ one sample only; others average of two or three samples.

® 8
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Changes in water level in test well ch, prior tc ithe rising
trend (fig. 7), seem to lag behind the increased discharge intc
Pueblo Canven and flow et staticon € oy evout 8 tt 10 months. The
aifferent & response toc strcemflev Ty test well 2A than by 14,
probably was due to the different meteriesls er distance through
which the weter must move tc reech the percied aquifers. Recharge
4o the sguifer at test well 24 moves through & secticn of consclldeted
tufT, whereas mich of the recherge +c test well 1A moves through
& more permesble conglomerate.

The wﬁter level in test well 1 rose generally from the
beginning of record in 1952 tq early in 1055, This rise might
have been relsted to higher precipitation in the yeers 1950-5Z.

If so this may indicate that gbout twe years are regulred for
recherge to the aguifer.

The hydrogreph of test well 2 (fig. 8) indicates no substantial
change in weter level over & 2-year period, except for & possible
slight dowmward trend. The chenge in the water levels in test
welis 5 end & (fig. 8) also heve been small &nd no correlation

with precipitetion is indicated.

25 & 26
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Quelity of water

Changes in chemical quality of weter from the test wells are
useful in determining whether or not e hydrsulic commection exisis
between surface flow in Pueblo Camyon and the aquifers yielding
weter to the wells, and are used in correlation with the water
ievele in the test wells. No date are available to indicate the
origingl gquality of water from the test wells. Duplicate samples
for analysis by the Los Alemos Seientific Leboratory and the U.Ss.
Geological Survey vwere collected through 1953, after which all
anelyses were made at 1os Alemos. Samples amalyzed by the Geological
Survey are shown in teble 11. A comparison of the quelity of

. weter from the test wells on one serpling date is shown in figure 1C.

Figure 10.-~Chemtical guality of water from test wells,

January 7, 1953,

Calcium is the predominant cation and bicarbonete is the predoninant

anion.
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The concentrations of ions in samples of water from test {
well 12 were consideribly higher then those in sarples from the
other test wells, indiceting some contaminetion of the aquifer
before sempling started. The first samples were collected from

test well 18 in 1951, vwhereas the discharge of wagtes in Acid-

P

n

Pueblo Canyons started ahout 1943, The gquelity of the water from
the sest well was similaer to that collected from the stresm. The
concenirations of the bicarbonate, chloride, and nitrate ions varied
irregularily, although they were generally in a range within or
sligntly less then the range of like concentrations in samples
collected from the stream in the lower part cf Pueblo Canyou. The
specific conductance rangéd from avoui 50 micromhcs in mid 1951 4
shout 300 micromhos in eerly 1955, and the pE ranged hetwveen £.9 and

-~ ‘

S without any trends. These changes may we related to the decrease '

7.
in sewege discherged into Pueblo Canyon in 1952.

The chemicel quality of water in samples from test well CA
rempined reiatively unchenged through 1955 with no trends apperent.

The low concentration of most of the constituents in the water

(GAOAS

nificant recharge from the stream. The specific

(¥
3
[
,-l
Q
(vl
ct
1413
fu
]
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©
=
it

conductance »anged betweer 101 @d 108 micrexhos, and the pH

 ranged between 7.1 and T.8. .
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inereased irvegularly through 1855 (tavle 12). The concentration

remained below ¢
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Teyy concentrations of piutonium end wranium in semples from

3, and h were, in general, lower than in samples

test wells 1, 2,

.

of surface Tlow and in semples fyom Pueblo Canyon wells. The

concentrations of plutonium were slightly higher in semples from test

welis 1 end 3 then from test wells 2 and 4, except for one possible

snemolovaly high concentraiion of piutonium (15 d,/m/l) from test

of either the plutonium or uraniue were evident.



pf Laundry andeest disposal systems
0P
Wastes have been discharged into earthen pits from Leaundry
angRWest gite since the fell of 1545, and treated wastes were
pe (£5.2)
ischarged into Canyon since 1952, ‘These piis rarely have been
¥nown to overflovw into the canybns. The redicactive liguids
discharged into the pits have percolated downward and the liguid
fraction of the wastes hes eveporated or moved into the adjacent
rock. An examinstion of these two pit sites indicates that
residuel concentrations of radioactivity ere present at the surface
of the pits and neer the votton of the originel excavations. Other
zones of radicactive concentration are also located sporadically
in the backfill materials of the pits (orel cormunication, E. R.
Hermann, 1953). Vertical or lateral percolatiorn beneath end
around the pits has epparently left the redioactive materials
baclfill moters/s

adsorbed in the cley, sand, and gravel of thg43§#s or in the

Bandelier Tuff into which the pits are dug.

31



Prested liquid wastes discharged from DP West were sampied
in DP Cenvon well located north of +he treatment plant. The range

of constituents of this water is shown below:

Chleoride 515 to 331 ppm
Flucride 1. te 35 ppm
Nitrate (1‘705) 80 to 130 ppm
tel sclids 1,368 to 1,842 ppm
PH 8.3 to 8.i
Plutonium o5 d::.sin'tegrations per

minute per liter

Uranium 20 to 2 microgrems per liter

el e

Clay minerelogy end ion-exchange capecity Geterminatvions vere

‘ made on samples of Bandelier Tulf collected during the imvestigation

N

of these sites. The ion-exchange capecity decreased with depth

(teble 13).
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Tebie

RV oY = ~
Minerai c¢cus

.--Icn-exchange capacity and minerzl constituents - Continued

Jitaents

Minerels Present

DPW=5-5

DPd-3-12

DPA-i-1C

\n

Clev

Siltt

Silt

Cley

Silt

Peldspar
Montmorillonite
Cristobalite?

Feldspar
Tridymite?
Cristobalite?

Feldspar
Montmorillonite
Hydrous mica
Kaclin
Cristobalite
Mridymite
Guartzs?

Feldspar

Cristobalite

Tridvmite
narts

Feldsnar
Cristobalite
Tridymite
Quartz.
Montmorillonite

Feldspar
Cristobalite
Tridymite
Quartz

Feldspar
Cristobelite
Tridymite
Quertz

Feldsper
Cristobellte
Tridymite
Quartz

Quantitative

(perts in
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The chemicel guelity cf water from Besalt Spring, Indian
Spring, Baailion Bend Spring, Anchc Spring, and Otowi Seep is

shown in “&vie 14, The quelity of “he water from Hamilton Bend

Spring and Otowi Seep, which are in Puet_c Cenyon, reflect the

guality of the water common to the stream. Tue concentration ol

the phosphate ion appears to have increwsed irregulerly at Otowl Seep

during ebout 2 year period of sarpling, with en aversge of 7.6 pp

and e maximun of 3C m. The hirsn concemtratior of nitretes in
5 P

semples from Basalt Spring, downgredient Ircm the Pueble Canyon
aad DP Cenyon disposal systems, indicsies & possible hydraulic

L. . .CAemlrg( ~
cormection with some scurce of Weasie O SCWEIC. TEICA qua_l_l‘cy o1

water fromw Indien or Ancho Springs shows no indicetion cf
contemination.
Concentretions of plutonium and uranium in samples from

were . .
1t and Indian Springs tx=e sbout the same os Irom Otowl Seep

B
t
[

and Hamiliton Bend Spring, &s shown below, and from the stream

were N
in Pueblo Canyon. The concentrations of plutcriur ewe higher

then those in samples from the test wells.
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. Table 1k4,--Chemical quality of water from springs and seeps near Los Alamns, H. Hex. jj’a_{
{Anelysis by. the U.S. Geological Survey Quelity of Water Branch, parts per miliion except as indicated.)
Bardness
Specific
Pissolved solids as Caco,i conduobe
- . Parts | Tons Cal- Per- ance
Date of . Dis- Cal- | Magne- [ S»-  Potas- |Bicar- |Sul- Chlo- | ¥luo- Hiy FPhos-! per’ | per {clum, | Bop- | cent (rlerom-
collec- | Temp, |charge {Silica | Tron eium | sium | dium  sium [bobate [fate ride |ride | trate phatd @mil- {acre- magne- | car- 50~ | hos at
Spring or seep | tion (* F} | (gpm) (8102) (re) | (ca) | (Mg) (#2) (x) (}1003) (soh) (cr) |(m (nd5) (ro,,) lon ffoot |sium |bonate | dlum | 25° €) pH
Basalt Spring |11-20-S51| M1 15 3% io.01f ko { 8.5 ; 16 130 (1 |16 0.5 |. 7.9 - 220 | 0.30] 135 28 20 35 (7.1
2- 5-52| 3% 25 - - - - - 120 | - b1 6 |11 - - - - - - 361 -
3- 6-52| ho 15 - - - - e | - 16 6 11 - - - - - - 316 -
h- hespy 51 15 - - - - 127 |- [1s .5 110 - - o - - 3@ 7.2
5-22-52| 43 35 41 02 k2 |10 17 1155 o9 15 .6 1.6 - 237 32| 146 20 21 361, 7.3
6-20-52| 52 18 b2 021 34 9.6 12 105 (28 |16 .3 |15 - 209 28| 124 38 17 305 |[7.8
9-15-52| 52 | 35 ho 021 32 9.0 it 109 |24 14 .3 |15 - 202 271 17 28 20 302 7.5
12-10-52{ A4g 15 N3 08| 32 9.0 16 107 ey 16 3 1Ak - 210 29| 17 30 23 300 7.7
3- 453 51 15-20 1 38 @] 35 | 9.4 n wh f27 {16 .5 s - 203 28| 126 l1 15 305 |7.%
6- 9-55| 53 5- 7| Uy 021 32 | 9.3 n 02 |29 f17 Gl b3 | oar| agh .26 118 34 17 309 |7.2
19-24-53] 53 - 38 011 3 ! 90 1 102 i29 16 A -~ 198 271 ub 31 22 300 T4
12-22-53 - - - - - - - 105 [28 16 4 20 o - - - - - 299  |7.3
3-31-5h| - - - - - - - wk | . |15 -3 0.0 a0 - - - - - 298 -
6-2h-54 ] .. - - - - . - 105 |- 16 .5 | es5.0 .1 - - - - - 306 -
g-22-54 - - - - - - - 06 | - 17 A oJazo .2 - - - - - 297 -
2- 1-55( =~ - - - - - - 01 (. {16 -5 |15.0 2 - - - - - 303 1.5
- b-28-55! - - - - - - - e - 115 5 ] 8.9 .2 - - - - - o1 11.8-
Indiar Bpring |10-10-42] - - T - -~ §1 6.8 20 it I 5.0 - 2, - 1 Rt - - 07 -
: Tl - - i T2 2o 205 12 |2 - s -] . @silo | o | o] oIl
1)-28-535| - - . - - - - - - -5 - i - - -l m - - 30 |- _
Bamilton Bemd | b-14,154 ) ; ) ) ) -
Spring T L 05 [- |5 61w | o5 - - - - - w29 | -
6-23-55 - - P - - - - - uk . 3L .2 1l .2 - - - - - 45 -
Zneho Bpring 71855773 30 ki) O 18 L.C 1C u 2.5 2.8 5 .5 - 103 15 13 0. ¥ 3.~ & 4. S0
11-19-51] 59 7 36 281 16 | 3.7 73 161 (34 o7 1.8 | 3.8 - 275 37| 55 o o7k b3z 7.2
2- 5-52| 52 7 - - - - - 15% - 30 L.k |12 - - - - - - hp1 -
3~ 6u52 - 25 - - - - - 167 - 32 1.2 5.1 - - - - - - 433 -
ho h-52| sS4 | 15 - - - - 57 |- |3 l.2 12 - - - - - - Wk 7.3
g-19-52| 55 5 42 1.30) 13 5.9 58 16 19 16 2.0 .t - 239 33 57 [¢] 69 325 7.1
12-10-52¢ 33 5 20 13, 0 { 2.8 52 126 23 |17 .2 1.2 - 189 26| 30 0 7h 304 7.0
3~ k-55| L1 5 21 Abfoie | o33 L6 % |28 [m; .8 j13 341 g5 27! I © 70 %3 17.)
Y- 7-53| &2 2 34 ob | 17 b5 62 16k {18 |28 1.0 £ 2.0 2kg 33 6} 0 69 h2s 1.1
5- 5-53{ 5e 2 29 B 18 | 5.4 60 116 135 |30 8 feor 5.1| 263 36 ! 67 0 66 [T
6- 9-55[ 81 b3 38 18° 16 | b.8 8 196 29 |3k .9 .5 | 2.9 308 o' 60 o 76 w8y |6.8
9-22+53 - 2 25 J0 13 5.9 5k 124 25 18 2 2 1.0] 208 28| W8 0 7 327 7.0
9-23-53| - - - - - - - 1k a5 |18 2 [ 1.0 | 10 - - - - - 3R (7.0
10-27-53| - - - - - - - ns |26 |19 15 LY b - - - - - N {12
12-10-53 - - - - - - - m § - it 8 |3.9 6.4 - - . - - 208 -
1-26-55 ] . - - . . - - ny [« far ks | 6of - - - . - 263 - '
2.26-5h| - - - - - - - 122 | - a7 8 5. 6.9 - . . - - 283 . .
3-31-54 | - - S |- - 131 |- |26 B jho | s.0] - - - . . %7 |-
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TLVers, &ng resorvolirs in the

Los flemos asres

The ranges of the chemical and radiological properties of
water frem the supply wells are reiatively smell (tablie 15) s and
the concentrasions substantielly less then in samnles from the

£ 34 e

test wells. The connencretions of the censiituents in weter Fror

crporelle, cucept for some

o

exceptionally high values iu samples Irom Los Alamos ©. These

ere sodiw:, 120 ppm; totel solids, 550 ppm; »iutonium, 15,2 d/m/1;
ané uranium, 0.6 micrograms per liter. The presence of plutonium
€5 Irom the supply wellis, even in these minute guantities,
in@icaves thabt some contamination hag reached the squifer or the

samzles were contamineted aftver coliection from the wells. Nc
trends of changes are noted.
The river water at Otowi Bridge s e mixture of weter from
the Ric Chame end the upper Ric Grende (teble 15). Some ccnstituents 4

suc:: as the caleium and megnesium icns and the total solids, appear

v -

o lave Inereased slizhtliv hetwesn Obowd Bridre and Cochiti station.

. e .

Concentrations of nliutonium ovrer shbout 7 d/m/l- and concextrations of

urenium cver abeut N microgrems per 1iier generelly were isolated
1 The concentrations of the chemicel and radiochemical

counstivuenis in samples from the reserveirs west of Ios Alemos end

in somples from Rito de les Frijoles were low ard relatively consistent.

Many of these samples wers collech:ed up gradient from the disposal

arees and The presence of plutonium mey have been due to fallout.

ze
22
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Table 15.--Ranm v ghemicu] und radiological guelity of weter from Gueje and

fduude, and Water Canyon reservoirs

los Alamos Cenyon well felde, Rio Grande, Rio Chama, Rito de los Frijoles, and Los Alamos

€ Al aeos
(Analyses by the, ?%:'lentific Laboratory, perts per million except as indicated)

. Calicum Mognesium Sodiun. Chloride Fluoride Nitrate Total Total - Plutoni 4 Urani“g/
Sample locetion (ca) (Mg) (Re) {c1) (F) {No.) Solids  Raxdness a/m/ 2
. 3 (caco,)

Guaje Cenyon well field 13-19 1-10 l2-22 3-8 0.2-1.0 0.0-4.0 121-184 36-68  T7.5-8.5  1.0-13.h 0.2-1.0
Los Alemss Canyon well Iield 2-17 0-2 6-120 5-20 .3-2.0 .2-2.0  97-550 0-4 7.6-8.6 ,1-16.4 .6-10.0
Rio Grandc at Exbudo ak-hy 3-19 428 1-23 3 .9 .0- .9 155-295 - 7.0-8,3  1.0-13.% .7-17.5
Rio Chema st Chemita 7-73 3-76 5-60 -2 2- .7 .0-3.6  122-611 - 6.9-8.5 .0-10.4 .8-10.5
Rio Grande at Otovi 1646 k-30 431 h-13 .2- .8 LO- .8 153-h01 - 7.3-8.4 Jhe19,k 1.6-9.2
Rio Granc;e at Cochiti 17-84 b-46 9-31 o1l 2- .7 WO LU 172739 - 7.2-8.3 ,+2-10.4 1.2-5.0
Rito de los Frijoles 8-10 3-6 3-1h 0-12 .0-3,0 .0~%4.0 90-185 - T.2=7.9 .2-3.0 «0-2.7
Los Alemos Canyon reservoir 8 4 5 2.0 - 107 - 8.0 .6 .1
Gueje Cenyon reservoir 8 3 6 3.0 - 12k - '7.7 .6 2
Water Canyon reservolr 9 5 2 5 1.0 - 107 - 7.7 .6 .2

1/ Disintegrations per minute per 1liter

g/ Micrograms per liter
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Tne shallow test wells are bottomed in perched aguifers cf
limited extent and the deep test wells epperently sre Tinished in
aquifers sbove the mein aquifer of the los Alamos areea. Agquifer
tests indicated an average velocity of 15C feet per year for the
movement of ground veter in the lower part of the Puye Conglomerate.
The velues of transmissibility ranged from 200 to 7,80C gpd per
foot in the upper part of the squifer supplying deep test wells
1, 2, and 3, and 5C to 8,300 gpd per foot for the shallow perched
zone.

The Acid-Pueblo Canyon disposal syster is the only course of
movement of contaminants about which some data are available.
Liguid westes discharged from the waste-treatment plent in Acid
Cenyon move dovmsiream as surface flow and underflow in Acid Canyon.
Underfiow in Acid and Pueblo Canyons was sampled by wells that
penetrate the alluvium in the streambed. Permegbility of the
Tghirege Member is low, compared with the permeebility of the
underlying pumiceous members, so that the rate of infiltration
into this formetion is smell. However, well-developed jolnts

offer @& possible course of infiltration.



Streanflow data indiceate thetl seepaze o elluviom in Acid

Canvon occurs during high-water stages. A reversible hydrauiic

relationshin exists betweon the streamflow and underflow during

thet infiltrates deep into the

-t
)
b
<
0
=
“
s
s
[t}
Fd
9
4
]
H

iow stages.
tuff prebetly does nov regpnear &8 streamflov.
StreamTiow aliernatel- geins and loses in the reach of Pueblc

Gonvern hebween fcid Canyon end test wells £ and 2A. After the

Cenirel Sewage Plant reduced the quantity of effluent discharged

irte the canyon,most of the water in the siream infiitrated the

ellwr-ium in the middle part of the canyon between test wells

and Hamilton Bend Jpring.

=
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Most o the radioactive contamingnts discharged from +he

Treatment plant into Acid Canyon were confined to feid Canyomn.

Corcermtrations of vlutonium end urenium vere highest in the
shallov wells in Acid Cenyon. Piutonium wes occasionally in
greater concentrations in semmies from these wells then in the

discherge from the treatment plant. The higher concentrations
could have teen due to release of plutonium in processed wastes
which was discharged prior to the construction of the treatment

riant or tc¢ sirichment of wasies discherged from the treatment
plant. Downstream - Pueblo and lower Los Alamos Cenyons, con-
centrations o radicactive elements reached & meximim of about
one quarter ol the average concentretion of the discharge from
the treatment pliant. Concentrations of plutorium and uranium
samples Irom the test wells, supply wells, and the Rio Grande

were substentially less than in the surface and underflow samples
fror: Pueblo Canyon. The concentretions were low in the reservoirs

wvesty of los Alemos. Wo systematic trends other than & marked

decrease from Acid Canyon to Pueblo Cenyon were apparent.

pls}



Cornteminetion might reach the Ric Grande from Pueblo Canyon
during times of storm runoff. buring periods of heavy reinfall
near the head of Pueblo Ceanyon contaminated sediments picked up
by stormflovw in the upper reaches of the canyon mey reach the
Rio Grande. These contaminants mey be & part of the sediments as
& result of either ion-exchange or adsorption. The ion-exchange
capacity of the sands and silts in the alluvium is low, but
adeguate, in terms of the reletively small quantities 6f exchangesble
constituents in wastes discherged. BHowever, it is possible that
re-vorking of the sediments in water could re-dissolve some of the
adsorbed contaminants.

Concentrations of nonradiocactive contaminants in amounts sbove
municipal tolerances were confined elmost entirely to Acid Canyon,
although some concentrations of fluoride, nitrates, and total solids
in amounts slightly ebove these tolerances were found in some
samples collected in the lower part of Pueblo Cenyon. Some evidence
was noted of increasing concentrations of nitrates in samples from
test well 14, presumebly from streamflow in Pueblo Canyon. Con-
centretions of anlons, used tentatively as tracers in the deep test
wells and in the supply wells, were low and generally steble with
no systemetic trends detected. Minute quentities of plutonium have
been reported in analyses of water from neariy all sampling points.
The analyses may indicate that the sources of water have received

some contamination or that the samples became contaminated after

collection.
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Figure |.--Index map of New Mexico showing Los Alamos County.
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Flow at Acid Conyon, in thousands of gollons per day
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CEPTH TO WATER,IN FEET, BELOW LAND SURFACE
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