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The hydrology and the chemical and radiological 

quality of surface and ground water at IJ:>s Alaoos, New Mexico, 

191~9-55 

By 

James E. Weir, Jr. 1 John H. .Abrahams, Jr. , John F. Waldon, 

and William D. Purtymun 

.Abstract 

Treated liquid wastes and sewage :from the ws Alamos Scienti:f'ic 

Laboratories at los Alamos are discharged into canyons eroded in the 

volcanic rocks and sediments of' the Pajari to Plateau. Liquids 

containiiJg waste and sewage constitute the perennial flow of the 

upper reaches of Acid and Pueblo Canyons. 

Fbur deep and two shallow test wells were drilled to determine 

the transmissibility of' the perched aquifers and to monitor the 

chemical and radiological quallty o:f' ground water. Values of 

transmissibility range :from 200 to 7,8oo gallons per day per foot 

for the deep perched aquifer, and 50 to 8,300 gallons per day per 

foot for the shallov :perched aqui:f'ere. The velocities of ground 

water in these aquifere range, :f:rom about 150 feet per year to 

about 4,500 feet per year. 



Shallow wells 2 to 10 feet in depth were constructed in Acid 

and Pueblo Canyons in order that data could be collected on the 

chemical and radiological nature of water in the alluvium. They 

consisted of four wells cased with corrugated culvert pipe in 

Acid Canyon and 10 drivepoint wells in Pueblo Canyon. 

Surface :flow in Acid and. Plieblo Canyons vas observed. to 

determine seepage losses or gains. Seepage losses are high d.uring 

high :flow in Acid Canyon, and seepage gain may occur at low :flow. 

In 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 upp~r part of 

the middle reach of the stream. storm:t'low may carry some waste and 

\ 

'.~ ... 
{ 

sewage'effluent into the lower reaches of the canyon or to the Rio 

Grande. Precipitation and stream:f'low in Pueblo Canyon may correlate 

with water levels in some of the test wells. 



Radioactive contaminants probably are retained in Acid Canyon. 

Plutonium concentrations in Acid Canyon ·.were sometimes equal to ; )x,JJ-t -1-- 1. 
O"C ~- ~ 11'1 

the limits £or off-site tolerance, but in Pueblo Canyon vere 

considerably below this limit. Uranium concentrations were not 

significantly high except in a few samples from Acid Canyon. 

Nitrate, chloride, and fluoride concentrations in samples from 

shallow test wells suggest a possible hydraulic connection between 

perched aquifers and the contaminated streamflow in Pueblo Canyon. 

Analyses ~f samples :from the Rio Grande and Rio Chama. shov no 

signii'icant amounts of contaminants. 



Introduction 

Los Alamos County is in north-central New Mexico about 25 

miles nortmfest of Santa Fe (fig. 1) • Nuclear research was bugun 

Figure 1.--Index map of New Me.."{ico showing Los Alamos 

Count~. 

at Los Alamos about 19113 and continued beyond December 1955J the 

cutoff date of this report. Most liquid radioactive and industrial 

wastes from technical areas in the Los Alumos 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 radioactivity 

before discharge. Several other areas have been used for the 

disposal of both liquid and solid radioactive wastes. The locations 

of the li~~id disposal sites are shown on figure 2, and brief 

FigUre 2~--~-bp sbo'IJing locations of weirs and. stations for 

strea:unm1 measurements in Acid and Pueblo Canyons, waste a.IJd. 

SD.nt.a Fe Counties, N. 1-lex •. , 

description,s of the sites end the -waste discharged are gi-ven by 

AbraJ:~ns (ls-62). In this re-port, ra.dioa.cth-e \vastes 1-rill be referred 

to as ">Jaste" ~ a.nd the discharge :from the se""w-age treatment plants -will 

be rei"el-red. to as "sevage". 

( 
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A joint study including t.he Ground vlaterJ Surface Hater, 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 Commission) was begun in 1949 to 

investigate the movement of waste and sewage waters because of 

' the possibility of movement of the waste and se\vage into the ground-

·1-1ater body that supplies the wells of the city of Lee Alamos and 

into the Rio Grande. The drilling of six test 1-1ells to sample parts 

of the aquifer( s) that would most likely receive v:astes and sewage 

discharc;ed from the research laboratories and from the sewage 

treatment plWlts -was started in May 1949. This report is intended 

primarily to summarize and record data and results obtained from the 

investigation tl~ugh 1955, although the study of the contamination 

probl~-n is being cont1..."1.ued. 

T11e principal area of the investigation includes Los A~-nos, 

Acid, and Pueblo CruJYons w1d the intercanyon mesa surfaces(fig. 2). 

Los Alamos, Acid, and Pueblo Canyons are cut deeply into the 

Pajarito Plateau, which lies on the eastern flank of the Sierra de los 

Valles. The canyons are part of the west-to-east drai...~ge net that 

carries runoff from the mountains and plateau to the Rio Grande. The 

altitudes in the area range from about 7,300 feet on the mesas to 

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

the Rio Grande. 

5 



Gratitude is due the Engineering and Construction Division 

of ~le Atomic Energy Commission) Los Alamos Scientific Laboratory, 

and the Utilities Division of the Zia Company for their close 

cooperation and assistance in the work. 
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Geology 

Los .Alaoos is on the Pajarito Plateau, which is underlain by 

the Bandelier Tuff of Pleistocene age. Rocks of the Santa Fe Grou:p 

of middle(?) l~ocene to Pleistocene(?) age beneath the Bandelier 

Tuf'i' a.re exposed ulont; the eastern edge of the plateau. The 

western edge oi' the plateau laps on-to the Sierra de los Valles 

which is :formed by the Tschicoma Formation of Pliocene and 

Pleistocene(?) age (fig. 3). 

Figure 3. --Diagr8lJliiiB.tic cross section sho>nng generalized 

stratigraphic relations of the Santa Fe Group 1 Tschicoma 

Fbrmation, and Bandelier Tuff in the Los JI.J..amos area. 

A generalized stratigraphic section of the geologic formations, 

their agesJ thickness, and water-bearing characteristics is shown 

on table 1. 

7 
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Hyd.rolo~y 

Six test ·,;ells >tere drilled. and equipped with l?umps du:t"~ng 

Jtme 1949 ~oo June 1950. Detailed information on t.he dates of 

drillir~, ori3inal ~ater leveln: casing schedules, geologic logs, 

and original pumpi.."'lg installation on the six iiells is given b;y 

Black and Veatch (1950). The six welln were used to sample the 

grou..11.d -.iater of the area f'or possible contamination and to determine 

the aquifer characteristics in order to estimate the velocity of 

ground-water flo-w in the aquifers tapped "by the wells. 

The aquifers in test uells 1A and 2A B.!'e perched zones above 

a."'ld separate from the main aquifer. Test ••ells 1, 2, ), and 4 may 

penetrate the top of the main aquifer. However; the information is 

inconclusive and it is possible that these veils tap perched '-late::.' 

above the main aquifer. 'l'he supply wells in Los Ala-~s and Guo.je 

Cnnyon tap the min aq_uifer. The main aqUifer in the Los Alamo::; area 

is the saturated zone in the Santa Fe Group a11d the Tseb-icorne Formation. 

The ~ter in the main aquifer is under artesian pressure. ~1e 

piezometric Gurf'ace rises from the Rio Gran6.e \iesti·Iard through the 

Tesuque Formation into tlle up~er units of the 5anta Fe Group and into 

the upper part of the Tschicoma. Fonr.etion (fig. ;-:,). Tne ':'schico:ma 

Formation and the upper part of .. (jho Santa. Fe Group also !!JE:y contain 

perched aquifers. 



M:;:lvement of viater in the r1ain r:.quifer is :f'rom the Sierra de 

los Valles easti·Taro toward the Rio Grande where there is some 

discharge fro::n springs into t}.::e river. The gradient on the 

piezometric surface of the main aquifer between wells G-1 and 

G-5 in the Gua.je Ca.'1·yon well field was about 85 feet per n1ile 

in 1952. A difference in head 'be"..;ween tes·~ wells l and 2 indicates 

a r.yQ.ra.clic gradient of ai.lout b.(; feet per uile. 

9 



Aquifer tests 

Aquifer tests on the six test wells to determine the aquifer 

characteristics were conducted during 1951 and 1952. The tests 

ranged in length from :l hours and 15 mnutes to iJ7 da~rs . The 

important characteristic of the aquifer determined by aquifer tests, 

is the coefficient of transadssici1ity. The coefi~cient of trans~ 

missibili ty is expressed as the rate of flow cf w-e.ter z,";;. preva2.lil1g 

water temperature, in gallons per day, through a ver~: ::.c:al st:dp o::· 

the aquifer 1 foot •viC!.e extending the full sa"~u:-at.ed l:eigl-:t o:':' -:,:le 

aquifer un1er a hydraulic gra.C.ient oi' lC{: percent . 

.A:.JOther important aquife!' cha::.~acte:-istic is cl:e coeff·icie:lt 

of perF:.:.eab:tlity~ which is the rate of i'low of. !·Tater :.~1 gullo:is ·.:~er 

day) tt.rough a eross-sectio:. .. al 2rce o~ 1 square foot Wld•:=r :::. h~'ldraulic 

eradien't~ of 100 percerrt at th(:) })l'eY~~.li!lg te..T:Jperc;-::.·..:.:re. Ti.us is 

o1:t~ined 'by C..ividine the trans:::.iss~."biJ..i·~:;· 1\··· -'.:.he thickness oi' the 

aqu.i:?er yicldirl[; 1vater to the "Viell. 

The specific capacity a= a. \vcll can also be determined oy 

::-.qui.fcr tests. It is tile d.isci.1e.rge e."\.'J)l'essed as rate of y-.i..eld 

per tm.i t dre;,vdm?!l, in gallons per mi.nt::te per :foot oi' d:t·a.-w-dow·n. 

T"ne l.::cations o:r the test "irells are shown on figure 2, a...'ld 

the geolq;::.c f::1d hydraulic cllarac·Leristics o:f tlle aquifers as 

table 2. 



Table 2.--Geologic and hydmulic characteristics of aquifers of' test Yells 1, lA, 2, 2A, '}lnd 4 near Los Alamos, N. Mex. 

Duration Pumping rate Water level 
Total Specific capacity 

Well Aquifer of test ( gallons per prior to pumping drawoYn Transmissibility Pe:nneability (hours) minute) ( f'eet belov land 
(feet) First 4 bra. Entire test (gpdift) ( Sl>d/f't) . aurface) 

1 Tota Vi Lentil of the Puye 2lt6 2.4 591.7 38-9 0.5 o.o6 200 11 
Conglomemte 

lA . Unit ~ of the basaltic 1,128 .;.4 182.73 4. 72 10.0 -75 8,3()0 2,8oo 
rocks of Chino Mesa 

2 Totavi Lentil of Puye 76o 6.7 76o.6o 7.48 1.1 1.0 7,000 2~ 
Conglomerate 

2A Fanglomerate member of 4.5 .) 116.2 10.24 .o; .03 50 10 
the Puye Conglomerate 
( small in areal extent) 

3 Tota vi Lentil of Puye 720 6.6 751.14 15.0 .5 -5 7,&Jo }10 
Conglomerate 

4 Tschicoma Formation 720 2.8 1,166.6 4.85 1.2 .6 750 ,s - - --- ---~ 

Tllickneas of 
aquifer (feet) 

19 

3 

24 

5 

25 

21 

l 
",/ 

I Oa.. 



be.ac.lt. The o'thcr aq1;.if'Cl."D, i·ii t:."l t.J.1.e e.xcep-tion of the one l)G!.1Gtra:ted 

are in 3-llu ·: ia1 

':.?he pe~:u02.bili t;;r 

about 12 [:.':pi per squ:.:.re f'oo"0 ( t~ble j) • 

in tl1e interflo-w zone penet:r.•;::;;te-.1 :::y ·~ei:it ·.:ell lA, locull;y_. ·.:;ay be 

·~ -~ _•_:,_ 



Hele:tionship of surface and fp:•ound. 1-;a:t.e:::- in t..l-).e Los Alamos area 

to deter.nine the relationl;hi:p 

( 
\.,__ 
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Shallow wells were installed in Acid and Pueblo Canyons 

during 195t; so that information on the chemical and radiological 

nature of the water in the elluviurn 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 ra.TJged in depth from about 2 feet in 

upper Acid Canyon t-o about 10 feet in lo;.rer Pueblo Can;yon. These 

wells will be referred to as Acid Canyon wells or Pueblo Canyon 

wells . Samples ;.7ere collected vTi th a small hand pi.l!I!p or with a 

small bailer if the •~ell could not be pumped. Whenever :possible, 

b.-\o'\ .fo,.n-..o.t.-t>r>LI o.>a...t~r ,·~to 

the vTells vrere pu11rped fo:r• about 5 minutes to 
11 
~ the wells. 

Streamflo-w measurements in Acid and Pueblo Canyons and 

we.ter-level measurements in the test wells "I·Tere made to aid in 

correlating cha.TJges in the quality of water a."ld to study or 

determine areas of recharge. Changes in surface flow i<ere used 

to determine the losses in stree.mf'lo-w· by seepage into the sediments 

and rocks of the floors of the ce.DJ.'Ons, or the gain in flow by 

return of subsurface water to the streatt!. Changes in water levels 

in the shallow and deep ground-water bodies may indicate a hydraulic 

connection with surface 1vaters • 

13 



Locations of samples of streamflo~ collected in Acid and Pueblo 

Canyons -ft,atJ..es 9--'Uld lO} are shown on figure 2. Samples in the 

vicinity of the Central Sewage Plant were collected during 1952 

at selected times. The quality of samples collected from the test 

wells is shown in tables ll and 12, and the quality of samples 

collected from the supply wells, rivers , and reservoirs is shown 

in table 15. 

T:.l!e locations o:f springs and seeps in. Pueblo, ws Alamos, 

and Ancho canyons ~ are shoVIl on f'igure 2. Bamilton 

Bend and II1-<iian Springs "Were sampled at random. The samples at 

Hamilton Bend SprL"'Jg vere collected at the end of a discharge 

pipe driven into the bank of the strewn, and the samples from 

Indian Spring were collected from a concrete trough. 

14 



( ((iJC. rs wc.rc 

e.nd Rio Grancle, ~ " (\ 

obt:.a -in bec1cg~ourld data a.n.d to de"teJ:'T'!~ nc i.:f a-::1.--;y ... cont.am.inants fron 

&m!ples 

'vere collected :fran the !C-o Cl22..rr!.a. e~1:t ChB.rr.StG.; t11.e Pio Grande at 

a:c.il a-c Cochiti, the }?cin-t :f'a:rthest downstrea!-:::. (f'ig. !;) • Sa.tnples 

Figure l1.--Ma.p oi' ri. ver-sampllng s:i.tes en the Rio Chama and 

Rio Gra.Tlde. 

collected daily at 'the Cha:rni ta,. :Embudo J and Otow.i. stations were 

composited into :monthly sa.:tnples f'or each statio.n and sent to the 

Los ft...larnos S~ientii'ic Laboratory where the:;- were f'"lll-'cher compoaited 

into 3-mo~th samples :t'ol4 each station. The river et Cochiti was 

sa"'!!pled weelcly) cor.rposited into a l-r.:10nth sample, and then composited 

~.nto a 3-ocntl! sa.·nple {i:; ...... b:J:e 3:5]--. 

( ,, 
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Aci-d-?.tebJ.o Ca."lyou disposal system 

Waste waters have been discharged into Acid Can)~n by a 
s•·n,.:: o...bo~.L."t /'lSI 

waste treatment plant, and sewage has been discharged in Pueblo ,, 
Can~n by the Pueblo a'l'ld Central sewage plants since 19::l.j. 

~nree weirs, recording streamflow in Acid Canyon, were operated 

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

.Fig1..l::'e 5. --Location of' weirs and s-tations for stream:flovr 

mensurements in Ac5.d Emd Pc1eblo Canyons, Los Alanos and 

Sante. Fe Counties, N. Mex. 

S~uth Fori<., and at the mouth of Acid Canyon. The West ForJs: w·eir 

measu.:red mainly sto:r:m ~u.nof'f'; the South Fork 1veir measured, primarily, 

"\-:aste f'::"oom the treatment pJ.a'l'lt, plus some incidental ~w-aste from 

vehicle washing near the laboratory 1 end sto~ r-unoff; the weir at 

the mouth of' Acid canyon (Acid weir) measured the combined :flou of 

the t\-ro C:IJper 1-rei::-s and storm ra .. '10:f'f. The distance :from the two 

upper i-reirs to the lovrer ,,·eir is about a quarte::- of a mile. Flow 

is in a :::arro1-r steep-1-ralled ca"1~1on cut in the TshirGge ~iember of 

the Bandelier ~.tff. 



( 

( 

( 

Data of losses and gains of flow at the weirs (fig. 6) indicate 

Figure 6.--Hydrograpb of streamflow in Acid canyon, October 

1950 through June 1952, shm-7ing loss or gain between 

upstream stations end the mouth of Acid Can;ypn. 

that about 25 to 50 percent of the streamflow at the two upstream 

•reirs vas lost f'rom the stream by seepage or evaporation before it 

reached the lower weir. Streamflow lost to bank storage during 

periods of high flow returned to the stream during periods of 

low flow (fig. 6). A large part of the loss f'rom the stream was 

in the numerous joints and f:ractures in the tuff 1 as the tuff 

itself has low permeability (table 3). 

The average weel'"..ly discharge of waste and sewage {table 1~) 

is indicative of flow in upper Pueblo Canyon, except for that 

lost by seepage into the alluvium and underlying rock, evaporation} 

and. transpiration. During the warmer months of the year much 

of the sewage discharge was used for irrigation water ~~d did not 

reach Pueblo Canyon. 

Spot measurements of surface flow made in Acid and Pueblo 

Canyons on June 10, 1952 (table 5 and fig. 2) show that the 

streamflow varied between 31.0 and 58.8 gpm above the Central 

Sewage Plant. The large increase irJ. flow at station 5 reflects 

discharge fro~ the Central Sewage Plant. 

17 



,·e Table 3.--Penneability of the Bandelier ~~ff 

(Anal~:ses -b;y the U. :. Geological Survey 

Hydrologic: Laboratory) 

Coefficient of 

Core Porosity permeability 

nt.l...'l':~er Bandelier Tuff (percent) (Meinzer 1 s units)~/ 
c: Tshirege Member 116.3 1 ..1 

/ 

do. 35.8 l 
0 

7 do. 38.0 0.5 
8 do. 37.2 2 

9 do. 1J7 .3 6 g_/ 
1 otowi Member lr6.9 8 
2 do. 50.2 0.08 2./ 
3 Guaje( ?) Member 39.) 12 

II Guaje Meri::oer 110.0 5 

~/ Meinzer's units are defined in Water-Supply Paper 887 as the flow in gallons per da;y pe:r square foot of 
cross-sectional area under a 100 percent gradient at 60° F. 

g_j Se.mple cored from near the surfac~ and thus considerabJ.y weathered. 

2./ Not representative of the gross permeability of the member. Probably represents the minimum. 

J 7 ct. 



( Table 1~. ~-Average weekly volume of sewage discharged into 

Pueblo Canyon and volume of waste discharged into Acid 

Canyon 1 July 1951 t1ll"ough December 1955, in gallons 

Sewage plants Waste plant 

Period Pueblo Central Acid Canyon 

July 1951 through October 1951 11+2 ,020 2,292,900 154,878 

November 1951 through March 1952 1,806,750 2,568,8h5 9h,108 

A:pr:i.l 1952 through October 1952 1lt3,5X)l 1,3511 '7lt7 145,985 

Nover.:iber 1952 tl1rough March 1953 2,225,328 1,151,220 210,4116 

April 1953 through October 1953 120,950 8o5,963 165,732 

Nover:ibcr 195;. through March 1951: 2,266,212 1,027,570 2.53,957 

April l95i! through October 195i: 2ld! ,646 236,150 215 ,OliJ 

/' 

( Noven:be::- 29511 t~~ough March 1955 2,502,373 685,109 197,151 

April 1955 t~xcugh October 1955 207,000 151,765 203,985 

Nove~nber-December 1955 2,0?0,700 235,565 189,529 

11 b 



Table 5.--Streamflow measur.ments in Acid end PUeblo Canjuns 

on June J.O, 19:>2 

Sta:tiorl 

West Fork vleir 
South Fork Weir 

To-tal flou (sur.J of abo-ve 2) · 

At a point 20 yards ·oelovi ju.nction 

So-:.:th Fo.rk and_ ~·lest Fork of' Acid 

Canyon. 

Strea:~'l:Ped s.t a point abo·J.t ::r,id-wa:; 

bet-...reen upper Weirs and Acid 
Weir. 

Point 8o ;yards a"bmre Acid 'YTeil4 , 

1-rhere •c;~!e strea!n .... bea. C.rcps 
...... 

about. 20 feet over l~oc}:s . 

Acid iicir 

S'i;s:do:1 J., P'u.eblo Ca,n:.'O:'l, 50 7a::."'.~; 

a1;ovc, mouth of Ac:.d Canyon. 

Junctio;., a:· Acid Canvor:. and 
Pu.e~lo Cl:l!:yon (sum· of' above ?. ) • 

s-:,a.tio: .. _ 2 _, P~eblo Cc.~.1:-ron, 150 to 

200 ~--ards belmi .Acid Ca.::.1yo~1. 

Stetio:: 3, Paeblo Canym'!1 300 to 

!iOO yards belOiv Acid Ca.."lj"C!! 

Static:::J. l: , Pueblo Ca"lj'o~:: J 70 

~'ards s:oove Central Sewage 

Plant i:J.fc.ll. 

Station 5, Pueblo Ca~·'OL; 200 

;;re.rds 'belO'I-i Central 8~-mge 

Plu:J.t infull. 

'7 (._ 

Disc~::.arge 

0.6 gprr. 
l.~ G"Pn1 
"' "' t:•.) gpm 

No 1'low 

No 1-re.ter 1 foot below 
strea"Ubed. 

Water floving out of rocks 
about the sa'Tle rate as that 

seeping into ~::;he pool above 

the g~~ing station. 

15.0 gpm 

38.6 gpr.::.. 

53.6 GP!ll 

58.8 gpm 

31.0 gpm 

L'? 3 . 0 gpm 



( 

( __ 

( 

Peri.odic estimates c:~ st1·ear:i'lovr ive::::·e r.1ade betveen December 

1951 and October 195:. (table 6 and f'ig . .5) at sL-x stations in 

the nri ddle anc, lo;;er reaches of Pueblo Canyon to study the in-

:filtration of water dmms".:;rerur: from test well 2 where the canyon 

1-i:t.aeJ.lS. Flovr t.lt s.J.~a.tio:J. 6 correletes rcUs-:;:tly •,ri tl1 total discharge 

into P.1eblo canyon, except during periods when the stream is 

a:Ef·ected -o;;- rv.noff from precipitc:.tion. A general decrease in 

discharge from the Central Sewage Plant ~~~ earl;:/ 1952 caused 

a considerable reduction of st1·eam flow at stati011 6 and ~~ 

ohly interrr..i tter:;t flm1 a-t sta"cio!l T. Flow at stat.ion 7 does not 

appear to correlate directly with discharge f'rom the Central 

Sewage PlBLt, about one-half· mile upstream.. 

The stream. flows mainly on the Otowi Men;I:;er o:f the Bandelier 

/"I o..-t 

~~ff and part~~Y ~r Puye Conglomerate betwee~ stations 6 and 8, 

~~ o~ a compacted silt layer beti•een stations 8 and 9· Most of 

the infiltration takes place upstre~ from station 8 {Hamilton Bend), 

bece.use the pu.>niceotlS tuff and conglomerate is more permeable tha.."'l 

the silt layer. The streai:f'f'low loss between stations 6 through 9 

is high\, except for floodnflow as occuPed on April 9, and July 15, 
1 

1952 (table 6) . 

Flow vas reported at station 10 on i'ewer than half the dates. 

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

be assumed that no vaste waters reach the Rio Grande as streamflow 

except during floou~low. 

18 
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UNITED STATES . DEPARTMENT OF THE INTERIOR Fne No. { Wasbmgton ______ _ 

GEOLOGICAL SURVEY - Dm.rict ---------

·sts.. 

bate 

Ta.ble 6. --Di::;charge at Pueblo Canyon stations and from Hamil ton Bend Spring and Otoi·li Seep, 1951 through 1954 
(DiochargE j,Jl ggllons per mirute) 

Sta- Sta- Sta.- Hamil~ Otowi Sta.- Sta- Sta­
tion tion tion ton Seep tion tion tion 

6 7 8 :B~~ 9 10 l1 

6 F 0 
~~~I 28 20 7 - F 1-¥-l~~-l---+·--1-----+--- ·-. -----t--------'1'---+---+----·-+-------'- ·----+--·-1 (;:~5V, 70 48 25 - 4 20 F ~~~---4--~+----1---~-·····~---~---·~----~---~---~---~----+----~an .25 lb5 eo 65 - 4 50 10 0 t---1-----+---l-

P?eb . 12 200 150 105 - 8 8o 14 0 1----1-----t------
Feb. 21 215 175 125 - 14 8o 23 0 
~r 1 350 200 95 - 13 6o l8 0 1----~--4---- ----1----1----~---4----4----+----r----~----1 ~r.26 300 165 100 - 15 85 12 0 
~pr 9 500 425 425 - 17 4oo l3 0 ·----~----~------ --- ~--~--~~-4~--+-~-+----r---~--~----· ~ 7 275 200 50 - 13 4o 10 0 ·-----~·--~----4---- ---~---~----+---~----~--~--~----+---~ ~y 21 8o 45 15 - ' 7 12 6 0 
lrune 5 1l5 70 "23 - 13 ~ 0 0 ~--"'! l:run.eg~ 100 35 -o-t--8--1--1-o----i--o--r-_-o-;--o-· -~-----:..£· .. 

\;;,; ,... P'u~15 ___ 4o_0._;_~1 ---";IJ_0_1 __ 275 2 lO l50 0 0 

~-··.·~ ·~:.2; ~. ~ 1~ ; 1

~ ~ ~ ~ 
~t ~~ :::0 ~ l~ ~ ~ ~~ = ~ 

--+---=----+-~ 

( 

· Pet. _9 6o 0 I 0 l2 10 0 - 0 . ;------~----~---+----+---~--~r----r---4----1 Nov. 6 150 4o 0 10 10 0 - 0 
F F 0 10 10 0 - 0 

:·· ' 
lr1_~:; ~F F F 

•·· ··.•······. l'ob. 3 300 250 25 10 lO 15 · eJ 0 r?r';> .. ·· ~. 3 :;oo 200 15 10 10 10 -o o . > "-pr. 7 250 150 I--1-'-0--.. l---1-0-!--8·-+-l-O-r--o--1---o-+-·--J---+---:-I 
; t4ay 5 100 6o o 10 · 3 o o o 
1~e 9 o o o 5 2 . 2 o o 
~ul)'lq 10 o o 5 1 3 -·o o '•-~~------1----4----·-1 

~ .19 ____ , __ 1~50--lf-.<:... 90__ _ _ -~---1---:::..__5-+----=1-· -1--::;.,.__3-+----"-o_ .. ,_.-----=o.--j----+-----+---i ~ .~ 0 ·a- 0 l 2 0 0 0 ....;;..--··1-----1-----1·---·-- 1----- ·+---+---+---1---l-_;__-t-----f·-·--+-----1 
..• l~27 1: 1--1~~ 1----~- ---,~-+----~--~----~-1---~---l~-~--1--+---+---t .... · .. :~25 

----------Jt~.-----------------------------~--:----·-:-:.--:::·~-~-::7 ·. ~ .... ~ .. -----·--·--·-----·---------------------

·-



UNITED STATES 

DEPARTMENT OF THE INTERIOR 

GEOLOGJCAL SURVEY 

File No. f W&Bbl.ngton __ __:_ 

l District ---------

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

Sta- Sta-
Ste.- Sta-

tion tion 
tion tion 

6 7 
10 1.1 

__ .E_. 
0 

0 0 

0 0 

0 

0 



Sau"'!ples (!Ollected from l "co i! sampling points on 5 dates 

' 
in the Acid Ca.n;}ron '\ve:U.s a..11d from 2 to 5 sampling poi..Txts on 8 

! 

dates in the ?"tleblo Canyon >Tells "rere analyzed by the Los Alamos 

Scientific La'borai:.or;y. The only apparent trend of che:nical 

constituents in sa-nples :from either canyon was a dovnstree.m 

decrease i!'l the pH values ir:. 1.ra·c.er fro!ll wells in Acid Canyon; 

hm:ever, so:ne gross effects ·,1ere rlcted ( ta"ole ?) . Tne range and 

averoge of most of t!1.e constituents in samples collected from 

PJ.e1::J.o ce.n:·:on i-rells vas substantia1ly less than in samples f'rom 

Acid Canyon;. .:lue largel:' to dilution by sewage in Pueblo Can:yon. 

Tne averages of' the :fluoride ion and total solids in water from 

PJ.eblo Co.:1::-rc~ 1-1ere slightl;y· below r.r...uucipal tolerances, al-::.bough 

Cc.:·~:t'o:.1 ccn"!:.e.ined fluoride and total solids above these tolerances. 

Tl1e conccn-:ration of nitrates ;-ras hi.gh in Sam;?les throughout most 

of Pueblo Cenyon. 

Data from one set of samples collected in Acid Can:y-on and 

analyzed by the Geological SUrvey (table 8) shows only that the 

average concentrations of the fluoride, nitrate, and phosphate 

ions decreased downstream. 
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'l'nule 'I. --Sur:UllFJ.l'Y o1' ch~;mical q~w.lity ol' w.:,.te:c colh~cted from Acid. and. Pueblo Cunyon vells 

(AmJ.lyt,I~; ·by t11e Los Alamos Sc:Lentii'lc .L<:tlloratory, in po.:rts per m:Lllion) 

-~-

Acid. Canyon Pueblo Canyon Accepted Bt.andal'd 

A1t::tlyGCI:l 
tolerances for . ; 

Range Average He~.nge Ave1·age municipal supplic:n~' 

pH r{ ,Q - 10.8 '7 [!};/ '(.8 - 8.0 '('.~ -
9 . ./.i.j .:r 

C:.~:Lt::i.tlla 
I lq - G:t - 9 - 51. E:.l - -
I _u I 

MaguL::~iWil ! l - 1) -
, .. - 18 !:.;I - -
') I 

I 

Cl1.L•x· :i.d.t.:! 
I .. -
I .LL· - C'( 36 J.~ - 36 I ~?.8 250 

Fluu::: ic1e 1.6 - 10.0 _3.1 ! o _ 4 _ 11 • 0!-Y I 1. !~ lcSi.J <J 

'.~;)btl GOlid.S j)ll - 2, ~~Ol I si:o I :·~c..?. ·- l J 021-f I l;6C 500 

n 1 • · .. ·• c., ( tJo \ I 1 ') 1});.'( l 191, 
l 

if lOG -
I - 5:.; 20 

--•l ... I.<.~L » ' :/ ! .. f-. I . ---.____ 

.,, . J 
_s, 1~)~) ;.. 

h/ 

:.:_t Ow.: ~an:t'w.:c IJ:.I~tq>ll: 9. 0 J}flln. 

::_/ P..:tblie Hco.l Lh t>ervic..:c fiu;u:n~s, l~l~G. 

cl/. · 1 -
- L(;. 'J . _.) . . 
f3f §'.J. eJ- .n3. 3 • ,;;-_ 

e 
-I J :L 

\.._,/ ......_/. 

\: 
IS' ..._ 



Tal>~e d.--Chemical quality of' va:ter f'rou Acid and Pueblo Canyon vells 

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

----T~~e o£-~Bi~or~te I Chlo-ri~ Fl~ride 
\·iell 

1 
collection j (HCO) (Cl) (F) 

--······--·-·--i---------··---!--------.. ----.. --1·----··--t-------
l I Acid Canyon 

I 
J\.C--2 I 10- G--5l~ 

AC·· ?.• 10- 8·~54 

.P.C-- h 10- £3-~:ilf 

t.C--'J ! l•J.- 0-)1:. l 
J),J .. I 1}·-21-:)5 j 

PC··l c.... jlu )•~: 

Do. lO-u ~~?)- )1 .. 

Do. h-1~1-5~ 

8o 

200 

l61f 

167 

I 1:;6 I 

11:/ 

13-:i 

lj~ 

r· 
:.> 

:;'( 

46 

3') 

52 

21 

}:) 

:';) 

2.lt 

7 

'l 

j.O 

IJuebl.o CanyD~l 

Ll: 

~ ("" ..... u 

LU 

Specific 

N i tl·a te I P'.n.o spha te I conductance 

(NO .. ) 
) I 

pH 
cro11) I (rnicromhcs 

at 2::i" C) ______ _J ________ 
! I ------

2.6 1.0 - 1'() 

108 0 - i3f!r( 

161 l .l - B6o 

LL)I I .2 - '730 

1'70 I l. ~) ... I 900 

:,-6o lG '");t, 
•-,./ 

1:; -5 413 

65 :)SJ )1;1 

-0 
~ 

.. ~ 19._,b 
' ,_ :" .... ~ .~ ,'c_!~~~ 
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'l'able B. --Chem.i.ce.J. g_uali t;y of >rater - Cont.i.nued 

Date or I Bica1~onate 
\!ell 

Chloride I Fluoride I Nitrate 

---·-r . ·-~---
___ I coll~tion-j -~nco5) j ( Cl) 1 (F) 1 (No3) 

I I I Pueblo Can;yon - Contirmed 

PC-~5 

D0. 

Do. 

Do. 

Pt>-6 

Do, 

Do. 

PC-·7 

Do. 

Do. 

8-11-51~ 

10-lh-51~ 

h-·11•-55 

6-23-55 

8-16-51~ 

10-11~-:14 

1}-111-·55 

B-16-51~ 

l0-l4-5lf 

ll-lll-55 

111 

97 

lOlt 

209 

125 

101 

151 

121 

131 

146 

211 

35 

39 

_?lf 

2) 

)0 

3ll 

28 

50 

::;5 

1.8 

1.8 

2.2 

1.8 

1.8 

1.0 

') ') ..... c 

1.6 

1.0 

1.8 

:?5 

66 

106 

18 

52 

51 

~.11 

2r{ 

65 

---r---·-~-

Phosphate 
pll 

(PO!~) 

22 

)3 

1111 

10 '(.2 

16 

23 

55 

12 

11 

jl 

Specific. 

conductance 

(micromhos 

at 25;· C) 

390 

1~36 

6oo 

527 

372 

425 

556 

1149 

428 

583 

\: 
(5 



e 
·.........._. 

'ra.ble 8.- -Chemical quali ~Y of -water - Conti1med 

------~--------------~ 
?--~ 

Date of 
·\-/ell 

col1ectj_on 

------+-

PC-8 I U-17-511 

Do. I lU-14-~jl~ 

Do. I 4-14-55 

Do. I 6-22-55 

PC-9 I 8-17-511 

Do. I 10-14-·511 

Do. l 6-23-55 

Bicarbonate I Chloride I Fluo ride Nitrate 

(HCO .. ) 
) 

120 

119 

lll 

115 

187 

133 

(Cl) (F 

Pueblo Canyon -

3l 

31 

32 

41 

25 

22 

0. 

1 

1 

) (N0
3
) 

Continuect 

4 lt1 

4 115 

8 117 

6 l.l{) 

2 2.; 

2 ·9 

0 .3 

8 2.4 

Phosphate 

( I0 l1) 

o.6 

·5 

1.4 

.2 

5·5 

6.3 

. 5 

.8 

·pH 

-
-
-

'i .o 

-

-

-
-~-~~" ___ L 10-13-54 l-~~----l- :~--~-~ ---- ___ ...__ _____ '---

Specific 

conductance 

(miCrolllhOS 

at 25'" C) 

440 

452 

4y3 

l1r(8 

435 

33::J 

473 

!!86 

...__./ 

Q 
c 



Samples of surface ::'lm-i b Pue"olo Ca..'1yon above and below the 

confluence with Acid Canyon and above a~ below the outlet from 

the Central Sewage Plant (table 9) show that the daily changes in 

quality of water from the tPxee sources of discharge caused 

sufficient variations to make significant trends difficult to 

recog~~ze. Samples collected at Acid Weir and surface flow 

sa~les collected from near stations 1 and 2 in Pueblo Canyon 

(table 10) also show that the concentrations of the chloride, 

fluoride, and nitrate ions generally were higher in waters in Acid 

Ca.."lycn, but that the concentration of the phosphate ions from the 

se•roge plru:ts generally was higher, commonly 30 to l~o ppm (parts 

per million), than in Acid Canyon. The specific conducta.'lce ranged 

bet;t.;een 500 a."ld 1,o8o micromhos (at 25" C) and. averaged about 830 

micromhos in Acid Canyon. In Pueblo Canyon the specific conductance 

raP~ed from 370 to 6ob micronams and decreased irregularly do~tream 

from an average of 58o in the upper :part of the canyon to an average 

of !185 in the lower part. 

The daily average concentration of plutonium in waste water 

discharged from the waste treatment plant in Acid Canyon during 

1951> and 1955 was about 110 d/m/1 (disintegration per minute per 

liter), but the concentration in slug discharges may have been as 

higl: as 500 to Boo d/m/1 or as low as 10 to 20 d/m/1. Plutonium 

. . . . -~o ~; ;· concem~raT~o:o.s e.oove :;>lJ o. :r.:. ..L were rare. nothing is 1mo'Wl1 of the 

concentrations of contaminates in the discharge from the contaminated-

vehicle -r,.rashing area at the site. 

20 
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Table 9.-ChemJ.cal quality;,! IHU"face flow in Acid and Pueblo CaeyonB 

(/\naly~;el5 by the U.S. Geological Survey 

Results in part5 per l:rlllion except u indicated) 

r·1 ~-
T Dino)ved aollds - .. /.,..mol 

~.. I Db-
Silica/ 

So- Po- i i (:residue at l8o"C) as caco3 ,.,. I oonduot-

or charge Iron cium ne- ., .. tu- llicar- 1 SUl- 1 Chlo- I Fluo- I 11· """' 
,.,~ calcium, cent anc.e •• 

Po:i.n-r. of collection Col- (gallons {Si02) I (Fe) (Ctt) sium {!Ia) ,,~ 

(~~) ! g~:) / (~~) ride tra~e per - -~ 
so- (micro- Remarlu; 

lection •= (J.t) (K) , (F) (>o
3

) nJ.l- acre- oiun diura mhos at 

minute lion root :;oe• C I 

150 ft. aboVl!: now from Bo O.o6 I 18 j.6 86 151i 
! 

26 28 i:6 71 3, o.115 68 73 ,., 7.1 T Fl.ov '"fuobl.o Cen;yon 
1-3-52 22 

Central Sewage Plant 

5l.l ft below nov !1"011. 1-3-52 110 23 .0"{ I 15 •• 2 5I' lSI' 26 27 1.6 }5 }19 -'3 55 78 553 7-3 Do. 

Cent.re.l sevage Fl.ant I 

200 tt above now trom :;t-l.-52 10 21 .oil I 16 5-7 90 1}8 27 ., 1.8 81 ,,, .. , 64 75 578 7-2 Do. 

( Central se'Wa8e Plant I 
Outfall from Central Sevage :)-l•-52 I 210 }0 1.6 35 568 ...... 

Plan' I 
Central Sewaee Plant 

' I et'!lue:nt, Just above 
confluence vi t.h ; 2-4-52 176 i 32 1.6 00 540 Do. 

Pueblo Canyon ! 
100 1't bela" flov i':r'OIII 2-h-52 250 24 -091 12 2-0 109 22} 26 30 1.6 ,,, 335 ... 38 86 578 7-5 Flow 1n Pueblo Canyon 

Central Sevage Plant 

WO yds. above Test Bole 2 and 1 2~4-52 I >96 ;2 1.6 30 551 Do. 

2A 

v.5 mi. above Test liole 1 and ! 2-i!-521 

I 
242 

I 
lA 301 1.6 : -: 516 I ., 



"J..•{<j 

'-'-
'.l'able 9··-Chemical Que.l1ty of suri"ace !lov in Ac:id c.nd Pueblo canyom;--Continued 

- ----------- ----
pH . ....,... 

Dote I Silioa/ Iron of 
l'oJ.nt o::r collection (8102) ( .. ) por 

le~~~~nl ! >Ul· sc:re-

···-:--- lion foot 

73 54l 1·3 Flow in Pueblo Can,yon 200 f't. above nO"oo !rom 
i 43 18 352 0.118 67 i }-6-52 

Central Se\IBSe Plant I 

75 5a8 7.2 ...... Outi'ell 1"rom CentTIU Sewe.J }-6-52 64 18 78 150 29 34 31 332 .h5 58 
Plant j 

Centl"al Selll18e Plant 

68 476 7.2 "'· 
effluent, just l'bove 

64 18 4.2 61 98 34 l.2 .41 62 c:on:fluence vi th }-6-52 35 35 300 
Pueblo Canyon 

lUO ~ belov :!low f'roru }--6-52 59 17 3.5 83 137 '' 34 L4 '•7 345 .47 57 76 514 7.' FloW in Pueblo Canyon 
Central Se"o~Bge Plant 

Pueblo Se'\llil.ge Pl.ant 4-3-52 20l 32 2.0 32 595 7-3 ...... 
et'fl.uent 

Acid )oleir 4-3-52 60 22 8.0 450 1,120 6.6 no ... in Acid Canyon 

590 f.C nov 1n Pueblo Cat!J'On 

563 7.1 DO. 

200 yds. below con!'luence 4-3-52 218 32 1.8 26 
wi t.h Acid Canyc~n 

I 150 yds. above fi.ml" froltl 

11-3-521 187 32 1.8 28 Central Se\lage Pl.ant 

I 





Poi11t of collection 

Outfall fr0111 Central Sewa.ge 
P""'t 

Date 
of 

Col-
lection 

South Fork .w'eir l0-22-52 ! 51 

Acid Weir 1()..22-52 51 

Below conflueoce with 
Acid Canyon 

! 10-22-52 

i 
i~ mi. bt!low con1luenoe vith ~ 10~22-52 

Acid Canyon 

AbOTe flov f:ro111 Central se- 10-22-52 
Plant. 

Outfall from Central Sew..ge 110-22-52 
Plsnt 

Central se-ge Plant ' 10-22-52 
effiuent, just aboye 

o=!lu•nco vith 1 Pueblo ClllzyOD 

Belov i'low fr11111 Central Sewa lQ-22-52 
Plant 

150 !t above Teet Hole 2 ud 10·22·52 
2A ' 

30 

" 
150 

o.os 

25 

20 

'l'able 9.--Cllemi<:ll.l. quality ot' surt'ace flow i:n Acid atld :>u.~blo Canyons--Contilllled 

Remarks 

Sewage 

l5l 4.8 79 -l Flow in Acid Canyon 

66 ' Do. 

95 2.0 Flow in Pueblo Ca.nyl:ln 

99 2.2 116 ,. 

107 28 2.0 59 460 Flow in Pueblo ca.n,-o;o 

29 1.8 521 Sewage 

2B 1.0 32 ' 409 Do. 

105 30 ~.0 59 >60 now ill Pueblo Canyon 

104 ,o 2.0 64 
Oo. 



-a~c/ P'f t k/.:. .5ft~ fn,;ns I ?nd Z. 
•rable 10. --Chemical quality oi' \ro.ter from Acid Weir, ~cblo 1 1 a:c.-d ~eblo 2 

(Analyses l)y the U.S. Geolot~i.cal Survey. Q#etlit;y Gt' Hatet Bxandt,f?~~~{t:sp~~ million, except as indicated) ..., 

<: . 

Ac:J 

-

>our·ce 

d. He:ir 

Du. 

Do. 

Do. 

Do. 

JJo. 

Du. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

e 
~--,.--' 

Discharge 
Date of (gallons 

t!ollection per· 
minute) 

l~- 7-53 8 

5- !1·-53 10 

6- 9-53 3 

'1-15-53 25 

8-19-53 10 

9-22-53 5 . 
10-27-53 10 

ll-23-53 50 

12-29-53 10 

1-28-54 15 

2-26-54 20 

3-31-54 10 

4-21-54 15 

SHlca. Bicarbonate Chloride 
( SiO,)) (HCO) ( Cl) 

c:.. 

13 110 22 

22 133 25 

24 ]_lt-6 26 

)9 JJrl 29 

28 ll4 23 

26 115 31 

- 0 !?:,/(25) 30 

- 76 ~/( 8) 25 

- 12 !!::./(50) 50 

- 107 lro 

- 144 47 

- 129 42 

- 133 39 

J..,Dk-

\ . ....._..~~ 

Specific 
J?luo:cide Nitrate Phosphate 

pH 
conductance 

(F) (NO)) (roJ.I) (ruicl'omhos 
at 25"C) 

'f.O 213 0.4 - 739 

7.0 164 .4 - 661 

'(.0 11:.> 1.4 - 661 

3.0 85 6.6 - 532 

7.0 93 1.0 - 497 

5.0 1ltl .0 - 630 

4 .lr 87 .1 - 5)9 

3.6 284 . 3 - 881 

3.6 230 .1 - 833 

4.4 366 .6 - l,08o 

4.4 24o 1.1 - 932 

4.8 291~ . 5 - 965 

5.2 274 -7 - 960 

-c 
<;:, 

~ 
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S<.~urc:c 
Dnte of 

collc:c·timt 

::~lcl -;:,.f ~)-26-)ll 

TJ,_). 0-30- )l+ 

Du. '{<~6-5~ 

Du. 9-22- )lf 

Du. W-27-5if 

].);). 11-~~li- )lf 

Du. l-12-55 

Du. )- l-5) 

D<..J. ·:l-)l-~i5 

Du. !f-28- ~_;;; 

1\), 6- 3- ~)~j 

Iltl. 6-23-5:-

e 

·.,._.~ 

·rablu 10.- -Chcrnio::al '-lLLtd.lt;y 01 1-JH "Lt.:r - Cont:i.uuc:u. 

D.L~ClKu-=-g,~ 
1 
~-~-----·- -----------[-----1-- SpL!e.ii' 1<.: 

( eanons rille~ llllcarbonnk Chlorhlcl
1
l'luo ride Nitrate I aro syha tc . conductance 

per ( G:LOJ (nco J ( Cl) ( ,-) ( uo..,) ( ro1 ) pll ( mic:l'oml:los 

~tlinutc·) _ _..:_"=. ___ }___ ;; ·-· 1 at 2:/'C) 

20 

20 

~:~o 

0 

,, 
t:. 

'1 
t..". 

l~) 

,.. 
:J 

15 

1) 

10 

1:-

J.I!O 

lli{) 

n6 

10~5 

l)'{ 

1~!.11-

110 

9[) 

9B 

lltJ 

121 

:u::::2 

~:9 

:>h 

~e 

31 

)6 

ljlf 

l!2 

lf~) 

l1lr 

35 

21( 

2~ 

e 

''(.0 

~). 0 

5.0 

5-0 

:> .6 

6.0 

5.6 

if. 8 

lf.8 

4.8 

lJ .• 8 

G .11 

1~)8 1.3 lr8() 

v_;l 1. '{ ·ro::> 

210 1.2 r{25 

~!~)2 ·9 t138 

193 3-3 013 

~:)1 1.~~ 8B5 

2'72 1.2 95~) 

:?53 .8 1;020 

:xn LO l/050 

2Dll l.l 1)010 

3)~) 1.0 981 

r::2~i l.G UCl! 

~--

v 
~ 

~ t\ •. ,,~~~J~~~ .. ::,.,, ... _._ 



'l'abl~ 10. -- Chcmic:ul quallty of' vv.tcr - Corrt.i.nuc~L 

-~-----~Disctllirge--r-·---~------- -

Suul'C:c: Date of I (gallons I SHica I Bic"'-r'bonu. te j Chlol.' i. 
colle:c!'tion per (SiO,J (IICO .) (CJ.) 

minute\ c.. J 

Ji'lLtol'idc lHt:cate 
(F) (NO)) 

29 1.0 29 

3E\ 1.6 l~l! 

26 lt.O 90 

30 l. ~j 31~ 

)!+ 1.3 1~2 

29 5.0 120 

:';0 1.0 ';If) 
~<. 

:Sl •;J ') 
L..o<O. 76 

29 l.B 50 

)II LG ~~u 

36 1. (3 G8 

~~0 l. ~~ 32 

I} !. 
I ~JG :... .• ·t 

I 
30 

e 
·~ ............ __.~· 

""'~·--' 

Phosphat.-.;; pR 
(POL~) 

11}.0 -

).8 -

9.9 -

3~~.0 -
).8 ·-

6.3 

·7 

. ~./ .. 

.2 

. :~ -

ll -._, 

.6 -

.) -

Spccif'ic 
concluctaace 

( mi croniho s 
at 25°C) 

552 

590 

572 

. 501 

1-1)6 

)£\8 

lj.!J6 

~)8 

~'{6 

j26 

)~~~ 

.:>:n 

G~4 

ll 
~ 

'""' 
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'l'o.'IJle: 10. --Cllem:Lc~l qual.i. i~J of 1rater - Cont:Lnue(J. 

····----····~--·-·--·-·--·y-;-·-·-- ·----- ------!~---,-· ~ . ,. 
D:t~.a.:hurce . 

::ipct!J..i:t.c 

". .-. . 1 Dat.e of (gallons S11iC<1 Biea.rbunate: Chlor:i.clc. Ii'llln:r:1c1e ~fi tratc l'hosphatc II comluc:tanec 

oJl)tU~.:<..: cullect:i_on TIL!l.' (SJ02) (HCOJ (CJ) + (F) (No.J (rol) p (mil.:l'Orrthos 

l'(;'"lt{' r • ) ) f ''Lt ')o·Oc)· 
, •• L J o.l.. _. 

<; '-~' 

::;~; .• -~-~-,,_2;_,,, 100 --:: 70 ., :::,--1··· 2. 4 fJG- l. 5 - '•62 

e 

l):;. I )-26-~)1\ l 100 I - 91 l :;:; ! l.~) I ~jlf I 3.) I -I 11'(6 

'7- 30-5l·l 128 l} 

De•. e-26- ~,il 

Du. 9-2~~-~_,!1 

TXl. 10-27 .:;l, 

lh. n-;~lt-)lt 

]);) . l-21<.)~ 

Tk•. 3- 1-~) 

Jj.,;. :5- ;51-~~' 

]);_,. l\-28-)) 

Du. 6- 3- )~, 

Du. G-<~3- ~.~; 

)0 

)0 

~:0 

)0 

100 

100 

2
,. 

-.> 

11() 

')I" c.) 

20 

l) 

23 

Ul 1),~ ,_/ 

110 29 

1:::G ;'/{ 

1::.;:~ 3) 

194 )'( 

~~00 )h 

l.L~ :,B 

106 31 

1~21 ;~) 

1'({ 2S 

e 
2,0 

2.2 

2. jl 

J.f.O 

lf. l.f 

).0 

"' 0 ~.:~ .. l..) 

2.G 

2.C 

2.8 

3.2 

6.0 

~G 

'75 

l•JG 

J)f~) 

~lf 

r·· . 
)c_~ 

1Gl+ 

L20 

1~:-'{' 

~~1:) 

22G 

1G.o 

2.9 

.G 

f.J 'l, 
'-. _) 

6'(.0 

~~~. 3 

l.G 

l.f9.0 

l.1 

1+. 3 

)~. lt 

I - I 

9-5 

7.2 

hl+8 

~!GO 

73:-~ 

G'}l+ 

):;1 

Clt9 

690 

(;90 

'(29 

'{06 

881 

--~~··. 

~ 
~ 

" 



'l'uul.::: 10. --Chemical ljtt.:.d.l·ty l11' \·ra·ter - Coutinue(l 

Dct·Lc ,J.c 

_,. ______ 1 __ _ 
::kJUl'<.:c ...;,)11\:!C LiOll 

I'Lt0blc.1 ;~ lr- '(-~1 3 

Do. ~)- :J-'J:.! 

Do. i 6- 9-:.--· I 
])\), I '( -lll- ~~) ; 

Do. I 0-liJ-', I 
1Al. . <)-:..!~~- 'j ') 

I 1~-;c·(-O; I Do. 

Di.:..;c.:h:l1'i.~e 

(;.:;ullom; 
pc..::r: 

::1 J.nut.e ) 

2::;o 

100 

I . / 
1.0 

1)0 

.l 

Co 

Du. j ll-2'.!-55 I 100 

l L:-:::9- :i~) I l·'l'OZ.Cll Du. 

Du. I 2-2G-~J!1 ! 200 

Du. I j- 31-~lt 30 

n .... I lt-<~1-) l.t ~}0 

Dn. ! 5-~2G-~5lt l10 

Do. I '(-30-:_:.!, I , .. 
j 

e 
·--

8Hi.<.;U 
t ,, . 0 ) 

l-Jl. r") 

"-

i 5C. 

::;u 

11'( 

ltB 

l~G 

4lt 

-

-
-

-

-

-

-
-

D.i.car·bow.rt.c Cllloricle F'luor-id.e Nit:cate 
(HCO~) ( Cl) (F) ( uo __ ) 

:J ) 

-
12{2 :;:, 1.3 ltO 

90 30 1.3 69 

130 )lr 1.3 21. 

ll'( 30 .) 52 

96 28 l.l 34 

!}36 ~ 2.0 4G 

62 E:/(23) )0 L4 lt6 

0 !::.1{ 27) 29 1.0 51 

121 3'1· 1.8 '(2 

12~! ,.)[':" .::...:; 1.6 38 

~6 32 2.1,. 81, 

83 32 2.8 9'( 

100 )ll 2.0 51 

1~~3 ~~8 1.8 21 

-7~0 
'~~--· 

Phosphate 
!lli (R\) 

31.0 -

32.0 -

33.0 -

22.0 -
211.0 -

11.0 -

.8 -
r, 

.c... -

l.O -

.8 -

3.5 -

·9 -

36.0 -

25.0 -

Specific 
concluctuucc 

(microm.hos 
at 25°C) 

516 

lf95 

46G 

lt8l 

ltOl 

50G 

ltll'( 

445 

562 

lt28 

508 

51.1 

1:'(8 

41'( 

···-· ....... .:..::.~i:fr:-i!~~;;~ 

'\. 
~ 
~ 
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'J'a:blc 10. --Ch~H1ic~\l {1uulit:y ol' 1-1a.ter - Conti.uu .. ~d 

-----------~·T-- t Di5d uq_::c 
Du.t<~ oi' (····all 

bo:..tJ.'L:~o..: _ . . . u 
ou~; ~iill.ca 
1' I ''i() \ •. \ ..... ,J l...:o.l.l.t:c·clotl . pc 

·---------·----·1-------· -~ l.t:) ---· -t·--· 
. :; 1· ') I n r,( I \ I 1 LL<;iJ d <.. I u-,_v- ,••I j 

J),). 

Do. 

Du. 

Du. 

Do. 

I I 
' 9-;?~~-)!1 j 

I lU-2'(-· )lr 

11<:'(- ~111 

)- j".L- )) 

11-20- ~)5 

3) 

0 

J.OO 

30 

l 'Y ,_u 

., r 
--.J 

I -

I -

-

-

-

-

llic~:n.;bona t(..! 

(HCO'") 
:J 

j 10;2 

i 
:u.lf 

l)lf 

81J 

1~21 

1.12 
________ ... ..L---~- - L ____ --·--

ai 
-· C::n·bun.:ct:.e:s. 

e 

Chlori<.:tc Yluox·ide Ni"Lrate 
(Cl) ( F') (NO) 

:> 

2~ I 2 .lf I ln. 
I 
I 
I I 

39 2 0 lfi3 • t:.. 

38 2.4 '{G 

31.1 2.8 e·r 

:£ 2.6 69 

31 
1 

2.1~ 6o 
-

e 
'1. () 

Spec:ii'ic 
J.'llo spl.u:'l:te 

J..Jil 
conductance 

(ro ) (m:Lcromho::.; lf 
at ~~:.;·'~) - ·-·---

2.7 - )IX 

.G - l.~~l, 

25.0 - 5~~6 

Lf4. 0 - 528 

49.0 - 592 

35 - 522 
~ 

·". ·: .. w..~~-i:.:.:?1Pf:·-;~:.w 



( 

( e 

Tne average and range of the concentrations of plutonium and 

uranium in samples collected in Acid and P.J.eblo Canyons are shaWl"!. 

below: 

Acid Canyon 
Pueblo Canyon 

Plutonium Urani'tllll Plutonium Uranium 

Disintegrations micrograms Disintegrations micrograms 

per minute per per liter per minute per per liter 

liter 
liter 

Average, 195): 1,131 79 18.5 1.1 

Average, 1955 726 52 7·1 1.1 

Range 6 to 2,818 8 to 162 0 to 56.0 .3 to 

The :maxium concentration of plutonium in samples collected in Acid 

2bo!l"f ont ... ftYJ-th 

Canyon was a.J..nx)st equal tot< the tolerance limit (Dummer, J. E., 1958, 

p. i12) and alnJOst 30 times the average discharge concentrations. The 

lrlgh concentration of plutonium (max. 1,570 d/m/l; ave. 930 d/m/1) in 

samples from -,rell AC-2, upstrea-n from the vastc treatment plant, "Ttras 

from processed 1restes discharged into the canyon before the plant •ras 

in operation. Samples :from ve11 .{!£-5, a short distance doW'T!..streal!1 

.from the treatment plant and vehicle-washing area, contained the 

highest conc~~trations 
(max. 2,818 d/m/1; ave. 1,360 d/m/1). A 

sigr~ficunt dec
reasir~ trend between wells AC-3 and AC-~ vas evident; 

the data between vells AC-lt and P.C-5 was inconclusive. No signi:f'ica."lt 

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

21 

h.O 
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Table 11.--Chemical quality of ~te~ from t•a~ V.ll~ 

(Analyses by the U.S. Geological Survey, Quality of lla1.41r Brunch, 
parts pe~ million, except as ind1CBt..4) 

Specific 
conduct-

Vill I Date of 'Temp.,Silica,IroniCalciumiMe.gnesium,Sodium 
uber collection ('F) (SiO,) (Fe) (Ca) (Mg) (Na) 

Pot.sssium,Bicarbonate,SuJ.fat.e,Ch1o~1de,Tluoi'J.4elll1trntel j ., :> jPereentj ance I pl! 
(K) (BCO,) (S011) (C1) (F) (KO~) ..._ .... -- "'~-- __ ,_._,__ sodium (IDicro-

l!lbos at 
25• C) 

5· 9·52 - "51 0.4 17 0.7 22 92 5-7 ;.8 0.9 '·9 1!6 0.18 Iii 51 176 I 8.o 
5-21-52 58 - - - - - g6 - 4.0 1.0 §·6 - - - - 185 
5-:!6-52 60 - - - - - 92 - ;.8 loO .o - - - - 187 
5-~1-52 6o - - - - - 98 - 12 1.0' ~-5 - - - - 207 
6- 5-52 74 - - - - - 92 - 5-5 1.0 .6 - - - - 190 
6- 5-52 73 49 .02 20 1.4 21 94 6.o 6.0 1·,0 8.7 15§ .22 ~ 45 190 I 7.6 6- 7-52 69 ;6 .69 15 .8 17 79 4.2 ;.B 1;1 ·5 ll .16 47 151 7.6 
8-15-52 75-5 - - - - - 91 - ;.5 1.0 a., - - - - 189 
9· 8-52 72 49 .44 17 2.1 16 8; 3-9 ;.8 1.0 6.2 14o .19 51 4o 169 8.0 
9-12-52. 73 - - - - - 94 - ;.; 1.0 B.!i - - - - 187 
9·19-52 73 - - - - - 94 - ;.5 loO ,a., - - - 188 
9-:!6-52 73 - - - - - 90 - ;.s J.,O ;: .· .8.1 - - - 188 

10- 2-52 72 - - - - - 92 - '·' loO .· . ;•7:•~ - - - 188 
10-10-52 - - - - - - 94 - 3.8 110 ; v.-.f'· - :;; .:)/ ... -~ - 194 
10-17-52 - 56 .01 20 1.0 20 94 4.9 ;.8 1.l 0 ~-, _;t 161 -22 -· 

~~ 
44 191 7.4 

12· }"52 70 56 .01 20 1.2 19 92 5-:5 4.0 l.l ~~.: ~';.{_, .. 159 .22 ·_, 4.2 185 7-6 
1- 7-5~ 70 56 .04 20 1.2 19 92 5-1 4.2 l~i ~; ;~j!f:_;; 159 .22 4;; 163 7.8 
2- }-5} 70 56 .01 20 .8 !/19 81 4.5 2.5 -. -1.1 ·" 157 .21 ·: I() 18~ 8.2 
;- }-5} 70 57 .02 20 -9 19 92 4.8 4.0 . 1>1-i; 158 .21 -::· 4} 182 8.0 
4- 8-5:;1 - 62 .02 19 1.4 17 88 4.1 4.0 

--m:~ 
~t,;·~~-~~ 158 .21 -: 41 18o 7-5 

5· 5-5} 70 55 .02 20 1.; 17 90 4.7 2.8 ~{{'~l~1 153 .21 _·: :tg 184 7.; 
6..10-5} 70 55 .02 20 1.2 18 90 4.8 4.2 .l!/156 .21 :) 41 184 7.6 
8-19-5} 74 4} .14 17 1.1 18 85 5-2 4.0 :110.-·.;i ~:~lie' 1;6 :~ .\ ,,;c7 46 171 7-:5 
9-2}-5} - 54 .02 20 1.1 17 90 4.2 4.0 .1;0_ ~; ~@_;·\~~ 152 '''"""' 40 188 7.4 :,!lm5 

~~ 
~li -~ ---



_,"A,..-.,._ 

llell Date of Temp. Silica ll"Oil Calcium 
number collection (•F) (Si02) (Fe) (Ca) 

8- 7-51 55 - - -a.. 8-51 55 - - -
8- 9-51 55 48 0.02 29 
8-17-51 - - - -
8-20-51 - - - -
8-2}-51 - - - -8-26-51 - - - -
8-28-51 55 49 .02 ;o 
9· 1-51 55 - - -11-14-51 54 50 .0} 28 

11-19-51 511.:; - - . 
11-24-51 56 - - -
11·29-51 - - - -
12- 4-51 - - - -
12- 9·51 - - - -
12-10-51 55-!i 51 .02 25 
9- 9·52 56 45 .04 23 
9·12-52 56 - - -
9-1}-52 55.5 - - -

lA 9-14-52 56 - - -
9·15·52 56 - . . 
9-16·52 ~ 

. - -
9·11-52 - - -
9-22-52 56 - - -
9-26-52 56 - - -

10- 2-52 56 - - -
10-10-52 - - - -
10-17-52 - - - -
10-2}-52 - - - -
10-28-52 - 116 .28 19 
12- 3-52 55 53 .09 17 
1- 7-53 53 49 .09 17 
2- 3-53 53 II() .13 19 
5- }-53 55 42 .05 21 
3- 3-53 56 41 .05 21 
4- 8-53 51 37 .01 25 
5- 5-53 56 ;.6 .02 26 
6-10-53 56 45 .03 22 
8-19-53 56 42 .11 19 
9-23-53 56 1!6 .17 19 

Magnesium 
(Ms) 

. 
-

9.1 
----

9·1 -
15 
-----

7-3 
7.7 
--. 
---------

7.9 
8.1 
7.8 
6.2 
6.4 
6.:; 
1.:; 
7.2 
7.6 
7-3 
7.5 

.··!""'"""'""'-,_, 

Table 11.--Ciu~•l ,, ';_,quaU ty or water - Continued 

Sodiwn J>otasGiUID 
{Na) {K} 

--
48 7.8 ----
49 7.2 -

42 
-----

53 
1!6 -. 
----------

41 
;51 
:;8 
39 
55 
32 
26 
25 

'36 
39 
4o 

- ,. 

ll!t• r ~~e 
) 

·~ 
( 

I 
l 
l 
I 
I 
I 
l 
l 
I 
l 

'( ; 
'( ' 
(,1: 

'( .. 
'I·. 
I • 

)1 

1• 
1 
1 

'/ ., 

1 
l 
1 
1 
l 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1_ 
12: 
12: 
1 
1 
l 
1 
1 
1_ 
u 
11 

-· 

Sulfate Chloride :Fluoride 
{so4) (Cl) (F) 

- 28 0.5 
- 28 .:; 

29 28 ·5 
- 27 .s 
- 28 .4 
- 27 .4 - 26 -5 

30 27 ·5 
- 26 .ll 

27 21 .6 
- 22 ·5 . 22 .6 
- 25 .6 
- 22 .6 . 21 .6 

25 22 .6 
27 25 ·5 
- 20 ·5 - 20 -5 
- 22 .5 
- 20 ·5 
- 20 .5 
- 20 ·5 - 21 ·5 - 19 .5 
- 18 -5 
- 35 .6 
- 15 .6 
- 12 .6 

20 17 ·5 
19 15 .5 
19 14 ·5 
22 11 .6 
22 9·2 .6 
20 9-0 .6 
22. 7.8 ·5 
21 7.8 ·5 
19 13 .5 
20 J.6 .; 
21 16 .6 

Dissolved solids 
{residue at lBo" C) 

Nitrate 
(No

3
) Par1;s :per Tons per 

million acre-root 

14 - -
14 - -
15 297 0.4o 
17 - -
18 - -
18 - -
19 - -
22 309 .42 
26 - ~ 

37 295 .4o 
37 - -
37 - -
31 ~ -
37 - -
33 - -
33 291 .4o 
32 265 .36 
35 - -
;4 - -
32 - -
35 - -
;If - -
35 - -
32 - -
34 - -
55 - -
22 - -
22 - -
20 - -
21 237 .32 
17 227 .31 
17 223 .:;o 
12 214 ·29 
8.4 212 ·29 

y 7·9 208 .27 
;; 1·9 198 .27 

. 8.2 196 .27 
!117 227 .:;1 
!./.2:; 227 .31 
!!.121 236 .32 

Bardness 
as caco3 Percent 
Calcium, sodium 

magnesiUJn 

- -- -
110 117 
- -- -- -- -

112 47 
- . 

124 4; 
- -- -- -- -- -
92 56 
B9 53 
- -- -- -- -- -- ~ 

- -- -- -- ' -- -- -
Bo 53 
76 51 
74 53 
73 54 
19 49 
78 47 
92 :;8 
91! 36 
86 48 
78 52 
78 53 

,..-· .... , 

Specirtc 
conduct-

Bll<:e 
(micro-
mhos at 
25• C) 

44:; 
444 
442 
1152 
456 
456 
4;8 
457 
452 
429 
439 
448 
4:;8 
4;.6 
420 
419 
385 
:;8; 
384 
:;84 
;84 
;84 
:;87 
:;82 
317 
~ 
351 
343 
;;B 
~ 
321 
321 
305 
294 
289 
292 
292 
324 
;:;o 
:136 

f ..1 J 

. I P 

:pll 

2 
4 
2 
9 
7 
7 
7 
7 
1 ,. 
:5 
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Table 11.--Chemical quality or ~~ter - Continued 

llell Date of Temp. Silica Iron Calcium Magnesium Sodium Potassium Biee.rbcnate Sttltate Chloride rJ.uoride 
number collection (•F) (Si02) (Fe) (Ca.) {Mg) (Na) (K) (1!Co3) (S04) (Cl) (F) 

9-26-51 11 66 0.84 12 4.1 11 75 3-1 3-5 0.5 
9-26-51 71 - - - - - 75 - ;.o -5 
9-27-51 - - - - - - 8o - ;;.o .4 

10- 2-51 70 - - - - - 8o - 2.8 .4 
10- 3-51 71-5 - - - - - 8o - 2.8 .4 
10- 4-51 71 - - - - - 8o - 2-5 .4 
10- 5-51 71 - - - - - 8o - 3-0 .4 
10- 6-51 71 - - - - - 79 - 2.8 .4 
10- 7-51 71 - - - - - '81 - 2.5 .4 
10- 8-51 - - - - - - 8o - 2.8 .4 
10- 9-51 71 - - - - - 82 - 2.8 .4 
10-10-51 11 - - - - - 8o - 2-5 .4 
10-11-51 71 - - - - - 82 - 2.8 .4 
10-16-51 72 - - - - - 8o - 2.8 .4 
10-21-51 72 - - - - . 8o - 2.8 .4 
10-25-51 70 68 .2g 14 ;.7 ll So 2.7 2-5 .4 
11- 1-51 70.1 - - - - - 79 - 2.5 ,4 
11- 5-51 71 - - - - - 8o - 2.8 .4 
11- 9-51 11-2 - - - - - 8o - 2.5 .4 

2 11-14-51 71 - - - - - 8o - 2-5 .4 
11-19-51 11.2 - - - - - 8o - 2.5 .4 
11-24-51 71.'2. - - - - - 8o - 2.5 .4 
11-29-51 - - - - - - 8o - 2.5 .4 
12- 1-51 71.5 68 .02 14 :;.1 11 19 2.6 :;.2 .4 

4-10-52 70 - - - - - 8o - 3-2 .; 
4-21-52 66 - - - - - 83 - 2.5 .4 
4-26-52 68 - - - - - 81 - ;;.2 .4 
5· 1-52 . 68 - - - - - 8o - 3.0 .4 
5- 6-52 66 - - - - - 83 - 2.8 .4 
5-12-52 69 - - - - - 8; - ;.o .; 
5-16-52 - - - - - 1V 79 - ,.a ·5 
5-23-52 58 64 .05 15 4.7 9-9 81! ;5.4 ;.o -5 
9~17~52 71.5 75 .o; 14 4.8 g.O 82 2.5 2.5 .} 
9-26-52 72 - - - - - 82 - 2-5 .} 

10- 2-52 72 - - - - - 8o - 2.5 .; 
10-10-52 - - - - - - 81 - }.0 .4 
10-16-52 - 71 .01 14 ~-7 13 84 2.8 ;.o ,, 
12- ;:.;2 71 7:3 .01 14 .; 10 81 ;.1 ;.o .; 
1- 6-53 71 75 .01 15 4.1 10 83 2.9 ;.o ·:!' 
2- 3-53 71 75 .02 15 4.; 8.:; 80 1.7 2.8 .4 
3- 3-53 11-5 74 .02 15 4.2 g.o 82 1.9 2.8 .4 

Dissolved sol.ids Hardness 
(residue at 18o• C) as caco3 Nitrate 

(uo
3
) Parts per Tons per Calcium, 

million acre-foot lliBgnesium 

o.8 139 0.19 47 
.6 - - -
-5 - - -
.4 - - -
.4 - - -
·5 - - -
.4 - - -
.4 - - -
.:; - - -
.4 - . -
.4 - - -
-5 - - -
.4 - . -
.4 - - -
.6 - - -
.6 142 .19 50 
.6 - - -
.6 - - -
.5 - - -
.6 - - -
-7 - - -
.4 - - -
.6 - - -
·5 142 .19 50 
.8 - - 49 
·9 - - -
-9 - - -

1.2 - - -
·9 - - -
-5 - - -
-5 - - -
.5 142 .19 . 5'{ 
.2 11!8 .20 54 
·9 - - -
.7 - - -
.4 - - -
.4 i~ .20 50 
.2 .20 52 
.5 152 .21 54 
.4 147 .20 55 
.8 11!8 .20 55 

Specific 
condttct-

Percent ance 
sodit1111 (miero-

mhos at 
25• c) 

34 133 - 1;54 
- 139 
- liK> 
- 141 

. - 139 
- 143 
- 144 
- 141 
- 139 
- 141 
- 1l!o 
- 143 
- 139 
- 139 

;i2 138 
- 11K> . 1l!o 
- 1l!o 
- 14o 
- 141 
- 142 
-· 11Jo 

;>2 139 - 138 
- 139 - 141 
- 11Jo 
- 144 
- 144 
- 156 

27 142 
26 141 

- 142 
- 14<1 
- 141 

:15 1~ 
~ 1ll0 
29 141 
25 141 
26 141 

.... ~--..._ 

5o'- .; 
2./c. 

pH 

7.5 --------------
7-5 
-
-
-
----

7.6 
7.6 
7-9 
1·9 
8.o 
8.1 
--

7-7 
7.6 
-
~ 

-
7.4 
7-5 
7.4 
7.0 
7.6 
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Table 11.--Che=ical quality of vater.--Continued -zrd 

Dissolved solids Hardness Specirlc 
(residue at 18o" C) as caco

2 
conduat-

Well De.te of ~- Silica Iron Calci~ Magnesium Sodium Potassium Bicarbonate Bul.fate Chloride Fluoride llitrs.te ance Percent (.ad 

number collection (•F) (5102) {Fe) (Ce.) (~) {:Na) (X) (BCo
3
) (804) (Cl) (F) (wo,> Parts per Tons per Calcium, BodiUIIl C!""· pH 

million acre-foot IBhos at 
JDBgne- 25" c) Bium 

11- 2-51 55 54 0.01 8.8 2.0 10 50 5.2 2.0 0.4 1.6 109 0.15 30 42 101 -7·3 

11- 5-51 56 - - - - - 51 - 2.0 .4 1.6 - - - - 105 ··7·5 

7-16-52 58 57 1.4 M 3.2 8.3 50 3-5 2.2 .2 1.7 109 .15 32 36 101 .7.8 

12- 3-52 54 62 ·73 8.2 ].1 9-2 55 5.1 2.5 .2 1.5 120 .16 ~ 36 105 -7-2 

1- 6-53 53 6o 2.6 7-8 3-7 1,.2 53 4.5 ;5.2 .2 1.6 116 .16 34 37 102 -7·4 

2A 2- 3-5] 52 53 .2 1·] 1.2 51 4.5 2.5 .; 2.2 110 .15 23 57 102 ·1·3 

3- 3-53 5] 57 ·72 7-8 1.1! 16 58 4.4 2.5 ·5 1.7 121 .16 2~ 58 107 -7-1 

4- 7-5] 53 55 ·07 7·0 1.3 14 51 4.5 2.8 .4 2.2 112 .15 23 57 105 ·'l·1 

5- 5-53 !iO 61 ·07 7-6 1.6 13 51 '4.1 3-2 ·3 1.8 118 .16 26 52 103 F1 

6-10-53 52 59 1.0 7.8 1.2 12 48 4.0 ;.5 .4 1.2 i/114 .16 24 51 103 7·2 

8-19-53 - 63 ·93 8.0 2.3 11 52 4., ;J.O .4 1.9 - 121 .16 30 45 J.o8 7·2 

9-22-53 52 6o 1.; 8.0 2.;7 ll 50 4.4 3-0 .4 2.5 118 .16 ~ 44 105 7-2 

1-19-52 74 73 0.05 20 6.6 ll 1o8 4.4 3.8 0.4 1.1 173 0.211 77 23 192 7·6 

1-20-52 74 - - - - - 10!1 .. - 4.0 .6 1.5 - - - - 192 
'·· l-21-52 74 107 3-5 .6 1.8 - - - - - - - - - - 193 

1-22-52 74 - - - - - loS - 4.5 .6 1-3 - - - - 191 

1-28-52 72 - - - - - 112 - 3-5 .6 1.4 - . - - 188 

l-29-52 74 - - - - - 113 - 4.0 .6 2.2 - - - - 193 

1-30-52 74 - - - - - 109 - 4.2 .6 1-5 - - . . 1911 

1-}l-52 74 - - - - - 113 - ,.a .6 1.5 - - - - 193 

2- 1-52 74 - - - - - 111 - 4.0 .6 1-5 - - - - 192 

2- 2-52 74 - - - - - 1ll - 4.0 .6 1.8 - - - . 192 

2- 6-52 73 - - - - - 109 - 4.0 .6 1.8 - - - . 188 

2-27·52 12-5 - - - - - 112 - 5-0 .6 1.5 - - -. M 190 

3- 3-52 75·5 - - - - - 113 - 5·5 .6 1.1 - - - - . 193 
,_ 8-52 ' 75 - - - - - 110 - 5·5 .6 ·1 - - '* ''· . \- .195 

]-13-52 75 - - - - - ill - 5·5 .6 ·9 

3-18-52 - - - - - - 112 - 3·5 .4 1.6 

3-25-52 74 - - - - - 112 - 4.5 .4 1.6 

:3-28-52 74 - - - - - 120 - 5-2 ·3 .9 

12- 5-52 66 73 4.4 20 6.4 11 109 4.0 4.0 ·5 ·5 173 

12-12-52 74 81 - - - . 115 - 4.5 ·5 .6 -
1· 7-53 74 76 .o1 19 6.2 14 113 ,.a 4.8 ·3 .2 l8o 

2- 3-53 74 75 .(2 19 4.6 17 ll2 4.0 4.2 .4 1.1 18o 

~. 

i~ 
.11£. 



Well 
number 

It 

Date of 
collection 

5-31~51 
5-31-51 
6- 1-51 
6- 2-51 
6- 3-51 
6- 4-51 
6-17-52 
6-18-52 
6-19-52 
6-20-52 
6-22-52 
6-22-52 
6-27-52 
7-ll-52 
7-17-52 

12- 3-52 
1,- 7-53 

Temp. 
("F) 

67-5 
65-5 
68.5 

66 
70 
69-5 
69.5 
70 
70 
70 
70 
70 
70 
70 

_/""~-

Table 11.--Che~cal quality of vater.--Continued 

Silica Iron Calcium Magnesium Sodium Potassium Bicarbonate SUlfate · Chloride Fluoride Nitrate 
(s1o2 ) (Fe) (Ca) U!s:l (Na) (X) (aco3) (so4) (Cl) (F) (:uo

3
) 

65 

68 

73 
81 
74 

!1 
21 
£1 
~/ 
!!1 
y 
5I 
"Y 
y 

0.41 

.03 

.02 

.21 

.o:; 

11 
11 
12 
11 

12 

11 
ll 
11 

6.2 
5-9 
£.7 
6.6 

6.7 

7-1 
7-7 
7-9 

Contained 7 ppm carbonate (co
3

) 

Contained 0.3 ppm pbosphate (P04) 

Co~tained 0.3 ppm phosphate (P04) 
Contained 0.2 ppn phosphate (P04} 
Contained 1.6 ppm phosphate (P04) 
Contained 2.0 ppm phosphate (ro4) 

Contained 3.2 ppza phosphate (ro4) 
Contained 6 ppm carbonate (co

3
) 

Contained 0.1 PPII1 pbosphate (P04) 

12 

12 

9-4 
9-2 

10 

88 
go 
88 
91 
91 
92 
91 
go 
92 
go 
92 
94 
94 

~ 
88 
94 

2.4 

3-5 

1.8 
2.6 
2-3 

2.5 

:;.o 
2.0 
2.0 
2.2 
1.8 
;.o 
3-0 
;.o 
2-2 
2.8 
1.8 

o.; 
-3 
.2 

0.2 0.2 
.2 
.2 
·3 .2 
.2 .4 
.2 -5 
.2 -7 
.1 -7 
.1 .8 
.1 -9 
.1 1.0 
.1 -.1 .2 
.2 .:; 

,----.,, 

~ 
;;;o'f .. 

Dissolved solids Bardness Specific 
(reoidue at 18o• c) as caco

3 
conduct• 

------------.:._ Percent snce 
Parts per 'l'ons per Calcium, sodium (micro-
million acre-foot magee- mboe at 

145 

151 

148 
158 
154 

0.20 

.2] 

.:?O 

.2] 

.21 

sium 25" C) 

53 
52 
58 
54 

58 

56 
59 
6o 

" 
31 

27 
25 
27 

150 
163 
154 
149 
151 
149 
151 
152 
154 
151 
151 
161 
155 
154 
149 
11J8 
147 

21 c 

pH 

7-4 
7.-4 
1·1 
8.0 
a.o 
7-7 
7-6 

7-2 
7-4 
7-6 



( 
Apparently o~ly a relatively small amount of plutonium and 

uranium moved from Acid Canyon into Pt1eblo Canyon. T"nis probably 

was &t1e to the retentior- of these ions in the alluvium in Acid 

Can:ron and dilution in Pt1eblo Canyon. The concentration or 

plu·honiu.m rose slightly between ''ells PC-l and PC-2, indicating 

that the increment of plutonium was added from Acid Canyon rather 

than upstream in Pueblo Canyon. 

{ 
··~~ .. '. 

22 



P.o.d.ioecti-;ity c.:f "t-he alluviu.'D. 

The concentratior....s oi' gross alpha and uranium of' alluvium 

in Acid can)un were relatively low except for several samples 

collected at stations near wells AC-2 and AC-3 (table lOA). The 

ste.tion near well AC-2 is above the outfall :rrom the treatment 

plant1 and it is probable that the ra.dioacti vi "c.y, found at deptr.LS of 

2 and 5 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 appears to be from the same source. 

Radioactivity may have concentrated in this reach of Acid Canyon 

in s~Bll depressions in the alluvium. About 75-95 percent of the 

.radioactivity was retained on particles ·which passed through an 

18 mesh .or s:ma.ller screen. Tne radioactivity decreased dow:nstreem ~' 

below the station near well AC-3· 

Radioactivity in sa'Uples from stations in Pueblo Canyon was 

low and uniform throughout the canyon. 

23 
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~i.'a.l}le lOA. --Hadiolog:icul analyses of ::;·l:;reruriuE..'<l alluviwn in Acid arrl Pueblo Canyons 

(Aualyses by the Lo::> Alamos Scientific Laboratory) 

-··---·--·----.~-· 

Dc::pth •~----------

Acid Canyon, June and July, 1954 

Gross alpha 
( COl.U'lts per minute 

per dry gram) 
------·--r--·---

Samp1ing station!/ 

~---··· 

Uranium 
(counts per minute 

per dry gram} 

Gu.rface 

--;,C-l-r-AC-2 -l AC-3 I I -1-----i---+--

59 15 . 636 

8 I 54 I 2,125 

AC-5 AC-4 AC-4 AC-5 AC-2 AC-3 AC-1 

185 

161 

961 10 6 I 53 16 r( 

1 root 

2 root 3 957 1, 721 ,~, 52 

T) a; -· 6 I 93 13 !H14 
<- - :) 

~il2o ~I 8 170 116 ~16 -
:) :i:.'oo·t 

a.; ... - ) .f!:.i 2,1'7'1 !}} 1, ::rro ~/ 4 ~.i 88 100 

1f 1'obt ~~ 5 E:_l 605 !I 2 ~/ 27 

~ i'oot ~I 1 a.j 1 

e 
.2.1a. 

........ ~_ .... ;' 

(\.. 

" 
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'l'ab1e lOA. --Hadlological analyses of streambed alluvium - Continued 

Pueblo Canyon_, July 19, 1954 

-~ Gross alpha 
(counts per minute per dl'y gram) 

1·--. ·---------Depth 
SamplirlS :;ta·tion }/ 

Fe-1 FC-2 IC-5 PC-4 I IC-5 I PC-6 FC-'{ R:-8 :FC-9 IR::-10 
'\ 

.... 
y 29 7 I 

l toot I 10 ll4 ll9 
~-~~~~~-l ___ :___ --13- ~-~-_; 

17 Surface 

15 

3 
----

5j20 :Jj I'{ 

15111 14 I 9 I !~ I !~ 
~-5 _ nj_ 16 _1 __ ~_5 _L~-

8 ! 9 (\ 

( 

.!/sa.npllug nta.tioll is uoorby observation well) as listed. 

~/one S8.lllple only i others average of t110 or three swaples. 

e 1. 
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:tri tbe test (~_~i.gs, 

Test -~·rel:;.. s 

"'<lel:i.. J.j,_ ·t~:.e r . - . .. : ,~ ...,\ :1C;.··;c; 1)e,~r·· 
--!~ .... ..t..:,,.. lec::'c::::.e 

c.::.·:;~!::.· .L~:..l-!.. '· 
,,. 

i T~~l ~::"'~~e 
-~ ~-- .. :.0 I 

, . .., l.•.i.A.~ 



Changes i11 water level in test well C.J..., prior to the rising 

trend (fig. 7), seem to lag -oehinti ti.1e increased discharge into 

Pu.e-nlo Can:vm: and flm·r a-t station 6 by a·bout 8 tt 10 months . The 

di£ferent ~ respcnse tc test. ·..Tell '2A tha.~ by lA, 

which the water mst move tc ree.c!l the pel"~- :::ed aquifers. Recharge 

to the aquifer at test >-<ell 2A moves through a sec~..:icn of ccnsol:!.de.ted 

tuf:C' > vhereas much Cl~ the recharge tc test 1rell l.A moves tr.L!:'ough 

tl Y.Jere perr..eable co:nglcr.::erate. 

T"ne ;-ro.ter lev-el in test we1J. 1 rose gen.erall~· f!"Om the 

begi;ming of record in 1951 to early in 195l;. This rise might 

have been related to higher precipitation in the years 1950-52. 

If so tr.:is may indicate that e.bout two years ere required for 

rech<:.rge to the aquifer. 

The hydrograph of test well 2 (fig. 8) indicates no substantial 

char..ge in water level over a 2-year period, except for a possible 

slight dmvmrard trend. The change in the water levels in test 

;vells 3 a.'"ld l: (fig. 8) also have been small and no correlation 

\dtb precipitation is indicated. 

25 a 26 



( 
~uality of water 

Changes in chemica.J. quality of water f:r'om the test wells are 

useful in determining whether or not e hydraulic connection exists 

betweeu surface flow in Pueblo canyon and the aquifers yielding 

water to the wells; ar>..d are used in correlation with the ivater 

levels in the test wells. No data are available to indicate the 

original quality of water from the test wells. D~plicate samples 

for analysis by the Los Alamos Scientific Laboratory and the U.S. 

Geological Su.rv~y were collected through 1953, af"ter iVhicb all 

analyses were made at Los Alamos. Samples ru1alyzed by the Geological 

Survey are shown in table 11. A comparison of the quality of 

. ~··· 
water from the test wells on one sampling date is shown in figure 10 . 

( 

Figure 10.--Chemice.l quality o:f water from test wells, 

Ja..11ue.ry 7 195 3 • 

Calcium is the predomina.l'lt cation and bicarbonate ·is the predominant 

anion. 

27 



The concentrations of ions j.21 saL!ples of' vater from test 

well lA were consideribly higher t.hun those in samples from the 

other test wells, indicating some corrt.a..;Una.tion of the 8.g'.lifer 

before se.mplinc; started. T'ne first samples \·rere collected f!'Om 

test well l.l\. in 1951_, •·:hereas the discharge of' vrastes in Acid-

Pu.e·olo Canyons st::.:!:'ted ::.bout 191~ 3. The q..tali t~r of the i;ater from 

the test 1-rell 1ras simile.:!' to that collected. from the st:r-eS!!l. T"ne 

conce:1tro.tions of the bicarbonate, chloride, and nitrate ions varied 

irreg:ula.rily, although they were generally in a. r-a.11ge wi t~.in or 

slightly less than the ra1~e of like concentrations in samples 

collected from the strea:-:1 in the lower part of Pu.e'Dlo Cauyo~. T:"1e 

specif"ic conductance re.ngeci from about .'·5o 1ilicromhos .ix:. mid 1951 tc 

about. ,300 :ti.c:r-omhos in earl~.' 19.::.;3, a.J1d the pH ranged ·r:e"t:vTee~ 6.9 and 

7. 9 ·without a."l;)T trends. These char1ges rr.n.y 'be related to tne decrease 

in se-vra.ge discharged into ?--.teblo Canyon in 1952 o 

The chemical quality of water in so.mples from test 'YTell 2A 

rerr..a.ined relati-vel::r unchanged through 1955 with no trends appe.rent o 

T.:'le lo•r co:.1centrat.ion of most of the constituents in the wnter 

ind.icateC. 1:.c significant recl1arge fro~ ti1e strea~. T"ne specif'ic 

conductance :t·ll;.-::ged bet11ec2: 101 C.."'ld 108 :r-..i.cro:r:hos, and the pH 

rw.ged ·oet;;-recl1 7 ol end 7 o 8. 
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( • 

( 

s~les fron test vell ' indicate there may be soffie ~echP~g~ 

to the aquifer from tne stre~ P<.leblo canyon. Except fo:r-

the higher conce::rtrc.tion o:~ nitrates, the cha:~e..cter of the wete:r 

from tes'j; well l was :mori2 closel:r related to the:~ from test ~..teE "'· 

than to "~}est '\-Tells 2 .;;::1d :; . 

Tee concen.:crc.tio11 of plutm::iU!:J in SOJ.nples :from test well lA 

increased iJ."l"errd~::.- t,hrougl: !.955 (table 12). Tl1e concentration 

remair1ed belovr 2. 6 
195l; 

~.:.l;e .': 'i-du:r p'i.Uriping test 
d /t1J/ I 

on tllis "'~tell ir1 

tile conce'!1tratic::: rose tc 7. 0. 
1\ 

T'ne e.ver2.z;e concentration cf 

1:­
pli.ltOlli't.l!:'l continued to rise ghrough 

slightl~'· lk: ·;:,y.ends in changes in the urer.:i~":'L concentratio:~ 
vere 

dctectec.l: although they were highest , o:::L 
-/.-'. 4 Tne 

high concenT.:t•aticns i1: 1953 and 195~: may ba clu.e to J.ess dilu.7::'..o:: 

by sewe..ge and precipitation. 

The concentratio:-, of 'Plutor.ium was bigh in test well 2P. 

during 1953 anci 1951: and decreased during 1955. :No ~rends ir.. t.he 

concentrations or urru'!ium vere detected.. 



Year 

c.no.lysec~ 

~--... - ... ---~--

.. !:.r,!', 
-~,.- ,..·,,· 

l952 

1)5) 

., 

12 

_ .. .,: 

,.. 
..... _: 

Plu:ton.il.l.r;"; 

..... 0 ....._,.<..::-

' ( L.~-

r.:: .u-

2.6 

3,.4 

.6- :..2 

2.4- 8.b 

).h .... & .. 6 

1911 

I 
! 

! 
I 
; 

i 

I 
i 

l . 
[ 

I 
! 
I 

I 
! 

_A_verage 

2.1 

4. ;. 

6.1.;. 

5-l 

.. ;J 

2.6 

J-.6 

l\funinc~· 

7. -· 
. ,..., 

12 

. q 

~) 

2 

J.O 

·:l 

per l:l. tc:r) 

R.arJBe 

{), 7-0. y 

.o-;;.;; 

.0- 8 0 

..... .6 .v-

oO- ·"' ·'-' 

} .. 2-l .. 4 

.. 6-2.0 

.8-l. ."J 

Ave:rage 

o.G 

1.2 

r . '-

.0 

._ .. -· 

1.0 
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'1)@0 co;.~cem~ro:;:;J..ons of plato!:ium e.na. uranium in sa.111ples f:rom 

test vells 2.; 2: 3 ,• a.,""J.d 11 vrere: in general; lower than in satJrples 

of surface flow a:r2d in sarrrples from ?u.eblo Canyon vells. Tne 

concen:trations of plu.tonillln ivere slightly higher in samples :from test 

;.rells l a'1d 3 than fro!!! test wells 2 a..11d l1,. exceT,Jt for one possible 

D.r!S..'nOlo-.;.sly J:1..iE;h ':!O:lcent;rc:!~ion of plutonium (15 d/m/1) from test 

well 2. No t::ends c:f either t.he pJ_utoniurn or uranium were evident. 
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DP Lau11.dry and West disposal systems 

DP 
Wastes have been discharged into earthen pits ~rom Laundry 

PP 
and West Site since the fall o~ 19~5) ~~d treated wastes were 

,f)() (f··~·~) 
discharged into canyon since 1952. Tnese pits rarely have been 

known to overflovT into the ca."lyons. The radioactive liquids 

discharged into the pits have percolated downward a.~d the liquid 

~ra.ction of the wastes has evaporated or moved into the adjacent 

rock. An examination of these two pit sites indicates that 

residual concentrations of radioactiyity are present at the surface 

of the pits and near the bottom of the original excavations. Other 

zones of radioactive concentrati01~ are also located sporadically 

in the bacl!:f'ill materials of the pits (oral comnWlication, E. R. 

Hermann1 1953). Vertical or lateral percolation beneath ru~d 

around the pits has apparently le:rt tl1e radioactive materials 
hPc.k{/1/ )n~frt",~ls 

adsorbed in the clay, sand, and gravel of th)1~ or in the 

Barldelier Tuff' into which the pits are dug . 
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Treated liquid wastes discharged from DP West were sampled 

in DP Can.yor; well located nort.h of the treatment plru1t. T"ne range 

of constituents of this water is shown below: 

Chloride 

Nitrate (No
3
) 

Total solids 

Plutonium 

315 to 331 pprr:. 

Ll: tc 35 ppm 

8o to 130 ppm 

8.3 to 8.h 

·5 disintegrations per 
minute per liter 

Clay mineralogy and ion-excha.r..ge capaci~y determina"'..-ions were 

made on samples o:r Bandelier T-u.:rf collected during the investigutio:r, 

of these sites. Tile ion-exchange cupe.ci ty dec:r·eased with depth 

(table 13). 
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Table 13.--Ion-excha~1ge capacit:,- and mineral co1-::stituents - Continued 

n~.,.,.,.;. 
c l.J ~-~ 

F"i.elC. ·:::-elc-;-; Q-u.a.ntitative 
m.u.Uo e:r la1::d .IVli::.1e:ra.ls P'rese11t estimate 

surface (parts in 
( .,.., "'"·) ,..!,.CC,:v ten) 

DI?i.;r-5- 5 5 Cla:;r Feldspa.T 5 
M:mtmorilloni te 2 
Cristobalite? 

Silt Feldspar 
Tri d;ymi te? 
Cristobalite? 

DP:.-i-3-12 8 Clay c~z~ Feldspa~ }J 

Mont.-rncrilloni te ;>, 
./ 

H.,vdrous mica 2 
Kaolin 
Cristobalite 

e Tridymite 

( 
Q;t1e.rtz? 

Silt (2-62-<A} Feldspar l~ 

Cl'is-tobalite h 

Tridyrr..ite l 
Quartz 

DPL-l-9-12 9 to l2 Clc.~r Feldspar 5 
Cristobalite 3 
Tridymite 1 
Quartz. 
Montmorillonite 

Silt Feldspar 5 
Cristo bali te 3 
TridJ1llli te 2 
Quartz 

DP'w-h-19 10 
/ Clay Feldspar :~ 

Cristobalite lJ 

Trid;yr.ti. te 
Q-uartz 

Silt Feldspar 5 
Cr:!.stobalite l: 

e Tridymite 1 

( Quartz 
'. 



Tne cnemical quality c:· water from ~salt Spring, Indian 

Spring, Fianilton Bend Sp.;:-ir..gJ ...!w.cllc Spring, and Otowi Seep is 

showr .. in t<::::.:·le l~. The que.li t;.r c:f ·'·::e ·w-a.ter from Hmnilton Bend 

Spring and Otmr5. Seep, wt.i.ch are in P;.te-~:.:..:... Ce..<'1~ron, reflect the 

quality of the ••at~l' colnr"I.!On to ·~lie strew..'l. 'D1e concent.:ration of 

the phos-phate :!..o:1 appears to have incrt:!t...sed irre:;-J.le.rly at Oto'Wi Seep 

during a·oou~ 2 year period of Sa.t:!pling 1 with an average of 7. 6 ppm 

and a ma..·drn:u.m of )C ppm. The hic;h conce!Tl:rat.ior. '(,"'}:[' nitrates in 

sa111ples f"rom Basalt Spring, downgradient :fr-c-m the Ptl.eblo Can;yon 

and DP Ca."lyon disposal s:rstems: indicates e possi 'ble hydraulic 

ch(mm( 
connection wit.}: sone source of was·.:.e or sewn--c;e. TheA q-...:.ali ty oi' 

wate:t• fro:u:. Inclirul or .Anci1o Springs shows no ind.icatio11 of 

contaminatior~. 

Concentrations o:t' plutoniu.-rn and urc.1niillil in samples from 

""~"" Basalt ar~d Indian Sprinss ~ about the same n.s from Otm,ri Seep 

a11d Ham-: l ton Bend Sp:!.'i•:g, as sl"~wn belmr, and fro!!! the stream 

we,.. 

in Pueblo Cansun. The concentrations o:f plutc:r..iUlll ~ l'l..igher 

than those in samples from the test wells. 
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I 

l 
I 

I 
Date of 
collec­

Spring or seep tion 
I 

. I 
Basalt Spring 1 ll-20·51 

2- 5-52 
3- 6-52 
4- h-52 
5-22-52 
6-20-52 
9-15-52 

12·10-52 
3- 4-53 
6- 9-53 

; 9-24-53 
1.2-22-5.3 
3-31-54 
6-24-54 
9-22-54 
2- 1-55 
h-28-55 

'indian i!prtng llO-l0-42 
'1·15-IJ7 

11-28-_li 
Bamifton Bem 1 11-lli~i5

1 Sprillg · · 55 
6-23-55 

AnellO- Sprlns 7·11l'-52 
11-19-51 
2- 5-52 
3- 6-52 
4- ,,..:52 
9-19-52 

12-10-52 
3- 4-53 
4- 7-53 
5- 5-53 
6- 9-55 
9-22-53 
9-23-53 

10-27-53 
12-10-53 
1-26-54 
2-26-5h 
3-31-5~ 
4-21-54 

.·-. , ..... ~~ ...... 

. Table 14.--Chemical quality of vater from springs am seeps near l.c:Js Alams, B. ~. 
{Analyais ·by. the U.S. Geological S\lney Q.lality of '\later llranch, PBrta per mtllion except as indicated,) 

Temp. 
(• F} 

41 
39-
ho 
51 
4; 
52 
52 
49 
51 
53 
53 

13 
59 
52 

54 
55 
33 
41 
62 
52 
81 

T-1 
])is- j I I Cal-~ Magoe-~ 5-.•· charge ;silica Iron ·cium sium di~ 

I 
Potas-~~B1car-~SU1- ~Chlo-sium bonate fate ride (grm} I (8102) I (Fe) . (ca) . (~) , (!Ill) 

_I . I ; 

15 
1

1 36 11 ~.o~l 4o 8.5 , 

~;I=·='==,. 15 - • - -
35 1 41 .02 42 10 
18 42 .• 02 34 9-6 

1

. 
35 I10 .02 32 9.0 
15 41 .04 32 9·0 
15-20 38 .02 35 I 9-li 

1

. 
5- 1 '41 .02 f 32 9-3 - ;e .o1 31 · 9.0 

30 
7 
7 

25 
15 
5 
5 
3 
2 
2 
1 
2 

= I = ' : I : : I = I = I :: - - - -

'(5 

36 

42 
20 
27 
34 
29 
3a 
25 

- 41 6-B 
I - i 44 I 7-2 I 

I - I - I -

1 :r 12 jll.c 

1~ 1 :;:7 1 

1.30 ' 13 

.1, Ill .14 12 

.04 17 

.Eta 18 

.1a: 16 

5.9 
2.8 
}.3 
4.5 
5.h 
4.8 
3-9 . ·t 1

1

~ -I -; - I -
I : j 
! • I - l -

16 

17 
1.2 
14 
16 
ll 
11 
14 

:?0 
20 

1C 
73 

58 
52 
h6 
62 
6o 
86 ,,, 

(x) ,{11C0
3

) (81\) (C1) 

130 
120 
119 
127 

31 

153 29 
105 2a 
109 2~ 
107 29 
10~ 27 
102 29 
100 29 
10} 26 
1ol, 
103 
1o6 
101 

, lOis -
164 
205 

:16 
112 

16 
1h 
16 
liJ 
l5 
16 
1~ 
16 
16 
17 
16 
16 
15 
16 
17 

\16 
I !5_ 

1·~·0 
5 

i . 
l lo5 i - 1· 31 

-. 11~ : - 3~ 
14 T2~J 2.8 

161 34 27 
154 - 30 
167 - 32 
157 - 32 

'164 19 116 
126 23 17 

90 28 21 
164 18 28 
116 35 30 196 29 ,,, 
124 25 18 
124 25 la 
ua 26 19 
ill - 17 
119 - 17 
122 - 17 
1::n - 26 
134 - ~ 

lllardness 
Plsaolved eol.ids_j _as c."_co, Specific 

conduct-

nuo-,Ju, ll'hos-· ride tnte phBtE 
(:r) <~,> (P04) 

0.5 
.6 
.6 
.5 
.6 

·' .3 

·' ·5 
.4 
.~ 
,4 

·' .5 
,4 
.5 
• 5 

.6 

.2 
-3 l.a 

1.~ 
1.2 
1.2 
2.0 

.2 

.a 
1.0 
.a 
·9 
.2 
.2 

1.5 
.e 

I 
.e 
.. a 
.a 
.8 

. 1·9 
11 
11 
10 
7.6 

15 
15 
14 
15 
4.3 

ll 

I : 
! -

0.1 

12.0 0 
10.0 .1 
25.0 .l 
12.0 .2 
15.0 .] 
8.9 .:? 
.e ' -
-5 I -·'' . -

48 
41 

·5 
3-8 

12 
5·] 

12 
.t 

l.! 
13 

.E 
27 

-~ 
.2 

1.0 
l.l 

3·9 
4.5 
!j.l 
t,.o 

~~-0 

•J 
.2 

3-4 
2.0 
3-1 
:1.9 
7-0 
7-0 
Ui 
6,4 
6.0 
6.9 
5.0 
4,8 

Parts I TollS l Cal-, ' Per-per' per cium, Bon- cent 
mil- acre- magne- car- so­

lion f'oot siUJI bonate , diWII 

ance 
(lllicr-aa­
bos at 
25" C) 

220 

237 
209 
200 
210 
20} 
194 
198 

iW 
187 . 

143 
275 

239 
189 
195 
246 
26,3 
308 
2o8 

o.;o I 155 i 2a 20 .331 
311 
,316 
322 
361 
305 
302 
300 
305 
309 
300 
299 
298 
,306 
297 
303 
307 

.. ~ - -
.}2 1~6 20 21 

17 
:?0 
23 
15 
17 
22 

.28 124 38 
.27 117 28 
.29 117 }0 
.28 126 41 
.26 118 34 
-27 114 31 

:~!Wo 
-I~ 

-19,. ~0 
-37 55 

_,,, 57 

.26 39 
-27 ~ h4 .,, I 61 
-36 67 
.4:? ! 6(> 

.:?al h!l 

. . -l . 

o I YJT 
.334 
310 

1 • 'i 429 
: ! - 451 

--u -- 32 I 132 
o : 7h I ''32 
- - h21 
- - 433 
• - lolo] 
0 69 -'25 
0 711 32• 
0 70 303 
0 69 423 
0 y, 40] 
0 76 4a} 
0 71 327 
- • }?7 
- • }19 
- - :188 
• • 1'16~ 
- • 28, 
• • }67 
- • 4~0 
- • • ----1101. 

3:3a_ 

pH 

7.1 

7.2 
7-3 
7.8 
7-5 
7-7 
7-'' 
7-2 
7-4 
7-3 

7-5 
7.8 . 

I : 
I -

11'·5 
7-:1 

7·3 
7-1 
7-0 
7-l 
7.] 
7-l 
6.8 
7.0 
'1·0 
7·1 



( 

( 
~~. , ,. 

Indian Sp::cin.; 

Ancho S']?rir;c 

Plutor.iur.l 
(Disi!"_t.es::-·u~::.~or.!n 

per minute ue!' 
liter)-

1C.C·"to2).8 

.. , 

,, ' -: .,_.. 

Uranium 
(Mii r•"f'tf"V'':',...£U~,~ -.-.e·...-

..,._ ...... l..;:... ....J.w .:.: -

liter) 

r• / to r• 7 . _, (~ . \,.• . 
' 

., ..1·-r " . , vv -· 
. l. ·::.o l .. 

:: . 
,., tc. t> . ' .. ) . 



Los !..lP .... mos az'ea 

The ranges of the c:ue>..r..ical a:nu radiological properties oi' 

i·rat.er i':rc:;;'l the supply veD..s are relatively small (tacle 15), anC. 

test ·,;e.:! .. ls . 

e.xceptio:!.o.ll~t hig!·! values ii~ sa.-rrrplen i'ror: Los iUacos 6. These 

c.re so eli u::~". l:?.Ci ppm._; total solids; 55G ppm_; 16.2 d/mfl· I r J 

and u.ra.r:i um) lO. (..; mic :::.•ogrm!l.S per J .. i "cer . T.'"'!.e presence of plutonilli-n 

ind:i .. cc:t.eG thti":~ SO!."'•le con\.ar:J.ina"".:;ion has rec.cl1ec'l -the aquifer or the 

so.:n::·le:: lie:~e contar:J.inated s.i'te~· collection t.'rom the 1-rells. Nc 

The :::--..!.. vez· water e.t Otcl:i Bridge :! .. s e. mixture oi' water f'ro:m 

the F;ic c:-"~a and the upp.;r Ric G::·ande (table 15) . Some constituents, 

suc~"l :::ts the calcium C.!ld n:a,:;Z'lesium ic1::.s a"ld the total solids, a-ppear 

tc :::we :::.}1creased slightl;• be-t:;.reen O""cm.r.l. Bridce and Cochiti station. 

Cc._._r!n·_.··rr-.,._"':.:"'1~--:_o•',Cl of· --_.J_luto' .. '1i,,, __ ,...,-,•e, ... r,bo~,+ '7 .!1 f.,....,j: o'Y'!..=~ co'"'"e~~:t,..a+~o.,s o""' .. -- ·- -.. •- - - -"'- .. ~ - ~ '-- I ._., ._. - =•!.!. ""~ - - ._._ ... 

values. T!:e (;0::1ccnt~ations of' tbc c:-J.em.iccl and ra.d.iocherr.ical 

co:nst::. tuer:-t.s i:: sa.-nplez f::'c~ the reservc::.rs west of' Los P~a'i'.os and 

ir~ s~ples f"ror.; pj_ to de los F.r:.joles '1ere lo\? ar.;d. rela.tii.rel~" consistent. 

!~y of t~ese s~~~les vere collec~ed up gradient fro~ the disposal 

areas and the presence of' pluto:d .. 'i..l!U may have been due to fallout. 



__ .,.,.,-~. .-..... ~\ 

5.5t•. 

Table 15. --Runr.o •' 1l1~mkuJ wid radiological quality of vater :!'rom Ouaje and 

:Ws Alamos Canyon vc:J.l r1 .. 1.1~, Rio Grande, Rio Ch!IUI8, Rito de los Frijoles, and Los Alamos 

~u~e, and Water Canyon reservoirs 
(Col ~, ...... ':)$ 

(Analyses by tht.c, :~··1 ent:! fie Laboratory 1 parts per million except as indicated) 

Calicum ltl.gnesium Sodiun. Chlnridc Fluoride Nitrate Total Total pH Pluto~ Urani, 
flamr;lc location (Ca) (Ms} (lit.) (Cl) (F) (NO;) Solids Hardneos d/m/1 

(caco
3
) 

Guaje Canyon vell field 13-19 1-10 12·22 ~-8 0.2-1.0 o.o-4.o 121-184 .;6-68 7·4-8.5 1.0·13.4 0.2-1.0 

Los l!lem(,s C&nyon well field 2-17 0-2 6-120 H?CI .;i-2.0 .2-2.0 97-550 10-b4 7-6-8.6 .1-16.~ .6-10.0 

Rio GrandG at Embudo 24-kl 3-19 4-28 H?;l .;;. ·9 .0- ·9 155-295 - 7-0-8.;; 1.0-1:;1.4 -7-17-5 

Rio Chama at Ch!lllli ta 7-7::1 3-76 5-60 5-24 ,2- ·7 .o-3.0 122-611 - 6-9~8.5 .0-10.4 .8-10.5 

Rio Grande at otovi 16-46 4-50 4-;;1 ~-13 .2- ,8 .o- .a 153-401 - 7 ·3·8.4 .4-19.4 1.6-9-2 

Rio Grande at Cochiti 17-84 4-46 9-31 1•-14 .2- ·1 .o •• 4 171·7:~9 . 7·2-8.3 .2-10.4 1.2-5.0 

Rite de los Frijoles 8-10 3-6 3·14 o-12 .o-3.0 .o-4.o 90-185 . 7·1·7·9 .2-3-0 ,0-1.7 

Los Alamos canyon reservoir 8 4 3 5 2-0 - 107 - a.o .6 .1 

GuaJe Canyon reservoir 8 3 8 6 ;.o - J2ll - 1·1 .6 .2 

Water Canyon reservoir 9 5 2 5 1.0 - 107 - 7-7 .6 .2 

)} Disintegrations per minute per liter 
gJ Microg~ per liter 



( 

Tne shallo;.r ~~est wells arc bottomed in perched agu.ifers of 

limited extent aP..d the deep test wells apparentl~r are finished in 

aquifers above the main aquifer of the Los Alamos area. Aquifer 

tests indicated an average veloc i t::r of 150 feet per year for the 

movement of grou.11d ;.rater in the lover part of the Ptlye Conglomerate. 

Tne values of tra11.sm:i.ssibility ranGed from 200 to 7 ,Boo gpd per 

foot in the upper part of the aquifer supplying deep test ;.rells 

1, 2, and 3, and 50 to 8,300 gpd per foot for the shallow perched 

zone. 

Tne Acid-Ptleblo Canyon disposal syster;-. is the o:nly course of 

movement o:f conta-rrina.11.ts about which sorr.J.e data are available. 

Liquid wastes discharged i'rom the \-Taste-treatment plant in Acid 

Cansun move do~~tream as surface flow and underflow in Acid Canyon. 

Underflow in Acid and Pueblo Canyons was sa-mpled by wells that 

penetrat.e the alluvium in the streambed. Permeability of the 

Tshirege Member is 10\·T, compared with the permeability o:f the 

underlying pumiceous members, so that the rate of ini'iltration 

into this formation is small. Hm-rever) veil-developed joints 

off'er a possible course of infiltration. 



Strea;:nflo;,r data indicut.e that seepa:;e to alluviu_m in Acid 

Cnnyon occurs du~i!'lg high-vat.e::" stages. P. reversible hJ<'tlraulic 

:relGtionship e:x:ists betvecn ti10 strea.rt'..i'lmr and underflow during 

lov stages . HOI·rever) the \-rater thc."G i1:::"':.1 trates deep into the 

t~~:·f !Jrcbatly does no·.: :reappear e.s streamflow. 

Strea..""lf'lovr e.lterna~~cl·· ga:~:1s and loses in the reach of Pueblo 

(!C"_;::yc!': ·,:e~cvree:: .Acid Cru!/Ol'l e.~1d test wells 2 and 2A. A .... f'ter the 

Ce!Ttral Se<-rage Plant reduced. the q;,J.anti t~r of effluent discharged 

~:.r:-t;o the ca:1::on;most. of the vater i;; the stream infiltrated the 

allu.\·ium ir: t1:e middle part o:t the canyon between test wells 

:? a:1d Hamil tor:. Bend Dpring. 
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~bst o:- the radioactive con~,:;alJlino.nts dischG.rgecl :fror:t ~.:.he 

o,:.~·eetmen"t plant into .1.\.d-Ci Can:,on we.re confi!led. to Ji.cid Ca!l;yon. 

Con.centre.J.:.ions of ?ltttonium anc1 ttrE~lium ·Here highest in the 

shallou wells in Acid CEc2yon. Pl:.1tonium vre.s occasionally ir.: 

greeter concentratio!1S in sar.'!yles from these wells than in the 

discharge from the trcatme21t plunt. The higher concentrations 

could have i;cen due to release of :plutoniun in processed wastes 

v~:ich 1;as dischareeC. pr.io1· "Go t:1e construction of the treatment 

plant o1· tc e:u·ich.ment of' wastes discharged f'rom the treatment 

pla:nJ~. Dow::1stream :: ·· Pueblo and lowe:!" Los .. Uaroos Ca."'lyons) con-

centrations o:· ?·adioac'~i ',:-:? elements reached a maxii!lUin of' about 

one qua.""ter of' the average concentration of' the discharge i'rom 

the treatment plant. Concen•,:;rations of' plutonium and uranium 

in samples :'rom the test wells, supply vells, and the Rio Grande 

were substaYitially less thar.: in the surf'ace and underflow samples 

from Pueblo Can:yon. The concentrations were low in the reservoirs 

•~est. of Los Alamos. No systematic trends other then a marlced 

decrease from Acid Ca.l'lyon to Pu.eblo Can;yon were apparent. 



Contamination might reach the Rio Grande from Pueblo Canyon 

during times of storm :r--unoff. During periods of heavy rainfall 

near the head of Pueblo Ca."lyon contamina:ted. sediments picked. up 

by stormflow in the upper reaches of the canyon may reach the 

Rio Grande. These contaminants may be a part of the sediments as 

a result o:f either ion-exchange or adsorption. T"ne ion-exchange 

capacity of the sands and silts i1.: the alluvium is low, but 

adequate, in terms of the relatively small quantities of exchangeable 

constituents in wastes discharged. However, it is possible that 

re-working of the sediments in water could re-dissolve some of the 

adsorbed contaminants. 

Concentrations o:f nonradioactive contaminants in amounts above 

municipal tolerances were confined ~lmost entirely to Acid Canyon, 

although some concentrations of fluoride, nitrates, and total solids 

in amounts slightly above these tolerances were found in some 

samples collected in the lower part of Pueblo Canyon. Some evidence 

was noted of increasing concentrations of nitrates in samples from 

test well lA, presumably from streamflow in Pueblo Canyon. Con­

centrations of anions, used tentatively as tracers in the deep test 

wells and in the supply wells, were low and generally stable with 

no systematic trends detected. Minute quantities of plutoni~~ have 

been reported in analyses of water from nearly all sampling points. 

The analyses may indicate that the sources of water have received 

some contamination or that the samples became contaminated after 

collection. 

39 



I 
\ 

( 

( 
l 
\ 

REFERENCES CITED 

Abrah~~, J. R.: Jr., 1962, Radioactive waste.disposal at Los 

J.~amos: N. Mex. : In preparation. 

Baltz, E. H., il.brahams, J. H., Jr., and Purt;yman, W. D., 1962, 

Preliminar; report on ~he geology and ~vdrology o~ 

1-b:rtandao Canyor. near Los .Alamos, N. Mex., with reference 

:.o O.isposal of liquid low-level radioactive •~aste: U.S. 

Geol. Sur-vey Admi!'l. Rept. (in preparation) . 

Black and Veatch, 1950, Ground-water observation well, Los Alamos, 

N. Me:x.: Bls.cj~ and Veatch (Consulting Engineers), 

Aili~~nistrative report, 28 p., 8 figs. 

D'Ll!mi•er ~ J. E. Jr. , eO., 1958, General Handbook for radiation 

:monitoring: u.y. Atomic Energy Commission, L-4.-1835 

(3rd ed): Washington, USGPO, 18o p. 

Griggs, R. L., 1955, Geology and gro~~d-water resources of the 

Los .Al8.t'110S area, New Mexico: u.s. Geol. Survey Admin. rept. 

released to the Atomic Energy Commission onl;i, 219 p ., 17 :figs. 



( 
--1 -1-----7~~1 

l r A 0 S ,rl C 0 L F {A X \ \ ... o """''B" I , 1 r 
L 

'! ( \ luNtON\ 

- --, ( "' (-- -.-\ _J.-I I I ·.' \._ f .. 0 R A \ L--, r - -- - -- - --'- --, ~; -?k~~ _.r- ..,_::y , H A " o , "' G : 

1 

'ALAMOS~ W----- \ l 
! S 

. COUNTY--J Santo ~e ----- ---:--\ \-- _ ,, ~•NLtY ANOOVAL ® ', '. \ I C'l, : 1\ < u ~( L \ I 
I 

I (:,<:;'. ISANfA FE '··-:: • N "' ~-~G ·- ~)-- \.....,_.!. ) 

I 

r -_ _,_ - _J' -- - ..l. ~' i ' .. -r- - , ,p- I \----'---< I ~--- ~~-~ 
I ..,.Albuquerque 1 1 --,, Y ~ _j \ ~ E R ~~ L L 0 - __ _L _ 'l ~ .~ \ 0 U A y 

-
\ \_ 

I I ,.-. I • •. •' ~-<~t~' '""'\'"',~ f I 1--
1 1CRRANCE

1 

'j$ l i" --· --- --r --- ---"7-- _ L 1 r- - t - T 1 , u " R .,. 1 

l 
' : -; l---\ 0 B ~\ CA I 

1

L - -~ 
\ 

'--- - ---r-- - ___..) I i t I s 0 c ·0 R R 0 ' L l. RoosEvELT 
J ' IlL \ ___ J- ; I (ATRO~ 

I I 

I 
,JLINCOLN ~~ L, 

1 ··~ r- J ~i s ~ -1 1--~-----l --·--;-~- ~-y-----.__., ! '". "'' i 
L 

I 'ffRRA I 1---..-J I 
G R A N T ~ ,;; ~ ' / ? ) .- - -+- -_J I - / . I I "' ' I L E A \ L r _ _r 

I ~ \ I '-c, r- r ~ -1 . o ' ' • o \_ ~ I ~~~ L. ' I, 0 ·?. y 1 I 
OONA.

1 
ANA I 

l U N A I I 
I \ I 1 ! I , J_ 

-

_._ ___ lt __ L _____ L--·~ --
~·D A :-;;-0--\----

L 
I 

20 0 20 40 &0 BO M··-· -- _i ~ ·~ ~~~-~~ 

r~---­
( 

------\-: 

S A N 

( 

Figure I.--Index map of New Mexico showing Los Alamos County. 

/ 

l 



Tl'iiO<,!'IGt ! 

EXPLANATION 

" woote ,.u wol!o 

" 
Loo AJomooCoo;on oupplyWtlll 

Guole Conyonotupply Wille 

P0c~ 
P"oblo Canyon " 1111 

" 
Aolo Co~yon ••II• 

Su•focltO;;,IIn;polnto 

Lo~~ld d'" 00'"' 1010 

llounj •• .,. ~ntmenl plant 



WEST 

'-....,~· 

Sierra de 
los Valles 

Tschicomo 

Formal• on 

0 
a.. 

Figure 3.-- Diagrammatic cross section 

Santo Fe Group 1 Tschicomo 

Pajarito 

EAST 

Plateau 

White Rock 
Guo1e Member Canyon 

tonglomerote 
member 

Totavi Lentil -

Tesuque Formation 
8osaltic rocks of Chino Meso 

Not to scale 

l 
I 
j 

1 

Boltz and others, 1962 

showing generalized stratigraphic 

Formation 1 and Bandelier Tuff in 

,.._,_,-', 

relations of the 

the Los Alamos area. 

" 

------



( 

( 

-......_TAOS 
-........... 

R 0 A 

------
1 

S A N T A E 

= 
River sompling sites 

0 5 10 Miles 

Figure 4.--1·1ap of' river-sampling sites 
on the Rio Chama and Rio Grande. 

,. 



( i 

~ 
; 
;; 

~ 

~ 
·' .: 
! 
~ 

Fibruory 19~1 Oclobr:r 19SO November 1950 December 19~0 M_o_y 1951 January 19~1 .. orch 19.51 A ril 19.51 June 19.51 

~ I 10 I& te U ' 
~ 
je 0 

e~ ~~ ~~· ~~ 
1~---------+-------~;~----------+----------+---=~·::~·~··---+----------+-~-;--&-·~:~----------+----------r -1--

; 
0 

r 0 

g 
;;2 . 
~ 

Flow measured ot Acid 

.,;, ldow"'tTml 

~ 
between stolion& 

Totol llaw mek17ured ol West end 
So•lh Fotk,w.l" lopotmml 

~ 
belwee stations 

j 

Jvlr 19!11 Auauat 19.51 
It 10 II 

~t~ 
CN 
0~ 
~ .. .. ~ 

' ' l 
r. 
~ 
~ j 

!J 
J1 
,I 
,I ,, 

~ I 
II 

l I' ,, 
I' 
I \ 

' 

' ~ Ji ' 
J 

" " "' ' 
II 
II 

II 
i 

' 10 115 HI U s 10 •~ :ro u 

Figu,.. 6.--0ii!Ciharll'• of w .. a~ fork and South Fork weire correlated with thst of Acid w!ir to ehov piWI 11nd loeeee b. flow in ~cid C••t.YDn1 weet Fork•.".outh Fork 111eira1 and Acid weir. 

Se I ember 1901 
0 I 

' 
l 
I 

~'?.! 

~/~~ . Kl 1!1 r:o 2~ 



w 
u 
<:( 
IJ.. 
(I: 

::l 
U) 

0 
z 
<[ 
_J 

~ 
0 
...J 
w 
£D 

1-
w 
w 
u.. 
z 

(I: 

w 
1-
<[ 

3:: 

0 
I-

I 
I­
ll.. 
w 
0 

180 

185 

190 

195 

200 

205 

.:.~~:;~;5::1,:_;.~.-:-:·r; -:·q·::;·::·~· "st::·w~n·ur·:.·,:~:::-: ·:··:~ ::' .· .. -- 1 . ··:r· . 
1
esf ~e:II·2!A. :'::. ·:. ·!>.:_:- :. -~~,.....- - -·;-;-~1f~··~~-~-.,-~...,...~~---1···-,~---T·---- .. ·-~- .. -:-~-.. :~---.. ~-1--~·r·---=---~~-~-,-·-·--·-;:r:·----:----r:-:·~T-.. 'i:p-:-·;-.. 

.... o,.. I . . ' . I . . ; . t . . . . ' . ; 
:9J.~-: -. ! o 1 , • ! I ~ : . 
.t{ . t • ' . ! ! • ! t ~ I 

··•·t~:.-.. :-l. ··•• ~ -' • ! I " 0 ! 0 0 Q • ' ! • ' 1 ~- ~-- • • -~·• 
.• -~- ~ - • 'T , o i o ! o o , r I 

I 00 ~ 0 oo ; ! o o ! l o 
[.'' .o !o 0 o' f Og0 a o o! • 0 laO 

0 , I g t ; fill 

0 : - ! 0 0 00 I I .. 
.. - ~ 0 .; ' 1 . 

0 
• -1-

0 ! f- • - • 0 - ...... - . 

I I 0 i 0 i I 
I j • 'Q Q 

I I ' I 
; : I 
I q 
I 0 0 j I 

I o o o • , • 

t
. _:_~ 
. , .. - . 

T 
0 

0 
q 

0 
'o 

0 
0 Q ,-------: 

I ' I . ' 
_ .............. ~.- 0 ooo . 

0 0. 0 • 0 

""o " 0 

;ci 

: .. ~ . 
·:·::.a,., 

. '. 

-~. J. ~ 

~ .;. : 
~· r:-:-· .. ·~-
~ ~ ,.; . ' 

0 

• 
0 

oo 

i 0 Q ! . \' 
I · i i-: ; 

' ~ .• '!' 

1 • 1 a 1 1 • 

-~ I 0 0 ! ' 0 ; • ' 
', .. :0 ...... l ..... ···--·\·· .... ; .. _ II---~-~~· ---1·--- .. ·-····---, 

l l 0 . i 0 ~ ~ .;. •. -~ 

* ; t;;-~: -i --- ' ~- ~- ~ ;·-: f ~-----:--:__;-,-~T~ ;-~-T\-~-!-rt'~-~ft • --,rtf~ 
1 1951 I19·;-z---·r--1-9-53---·-r;954--~--r19;;----~1951 11952 11953 11954 11~~R .... ·1 

~- .. ~--

.. ,. -·· 
:·t--.:.. 

Figure 7.--Nonpumping uater levels in test vells lA and 2A. 

... __ \....._:' 

115 

116 

117 

11 B 

119 

12.0 



w 
(.) 
<{ 

590 

lL 591 
a:: 
:::) 
(j) 

0 
2 592 
<( 
_J 

~ 
0 593 
_J 

w 
co 

~ 
w 
w 
lL 

z -
~ 

756 a:: 
w 
I-
<( 

~ 

0 
759 

I-

:r: 
I-
Q 760 w 
0 

761 

::l;l- L ~ j -: ·: ' : ·1· -: · : 
,.... I . 

ti10f~r····'· 
::J::-!4-:·-:--------i-------- ... -· 
;.;.cJ.:.~. · I l 
--H·t-- ! oo 
·T ~~ ... dt.:r:. · · 
·~;tT.-~11 __ :_ ~:.:.. 
'1£""' -·.. . ,::t~}$:: .. ,. 0 

·-r~:;~-- I ! 
-~; 0 r;~ 
•!. r· ::--• 1 

H-··1 l 
~~::;1:tl'- ' . , ..... --~ t:r:t=:: I .. ---
:rfr!: 
~,r.:::Fj~· i . 

Oo 
Q 0 CJ. 

' 

-"· ··" I I . ; ••. , ~ . ~ I 

.::-.~ :: : . I I 

:~:f(:l l 
r.r-~1-- ------· t·-- -.. ' .. 

;¥t1t . i .. ~,·+·· .. I . 

· · j'l e•st- !well <II· 
I : I I . 
I -- :----- ·r 
I t 

0 

00 " 0 

I 
. t. 0 .. 

! 0 . 

' ' 

0 
" 0 0 " 

i 
-1------

1 
! 
J 
I 

oo 0 til 0 0 

I , ... 
i 
i 

1·----. 1 
i 

I 
i 

\Test 
I 
l 

l 

well 2! 

r:r.r~·~:·: l o 1 a 
--\• ' 0 0 0 ' 0 

0 

I ::--! 
~ 

I. 
I 

··r---· 

0 . " 
~ ..... ~H-

·:~rrl_:_j ........ _~--- .. i .. ...... /' ... . . '1 ....... +· 

~tiLl'- I ; 1 4 
. 

.: .. :J. . --- --·-- .. , ... -- t -. - ·- 0 . 0 + 0 . . .• 0 0 
.-·:,....:.:.;.~. . t ! i ' 0 •·+-+- .. I I . I I I ' 0 lrJ ~~1..:' I • 

: :·:--r,- :: 'l:.: ·. "t. ;. :! rr·;. 't· i I· ~-,I 31--;--:;-TTlT.;. 'I' TTl ___ ~-, · . ; . es· ,we · , - · 1 - · • , - . . 
1 
.• 

I • { t: 
I · t 1 l , . 
I ' I i .. 

! I I . ! "I 
:• > ~~-~•nt•-•• •••~• !. -i -•••-•··-:-

[ I ' ., 

0 0 • 
0 

·o 

0 0 

0 0 ° 
o·~ 

0 

t ; ! . I 1 I ·:.: 
I I ' . . ' j I 

o" 
~ 0 

... : 
I 

··- .. ~ 
0 0 

0 

0 

0 
0 0 

T ........... I 
! . 
' ' i ... ;·. o'-··· ..... ···-

! 0 

0 0 0: 0 
I 0 

i I. -...... ---
Note: Nmping level' March 1954, 772.89jfeet 

0 

0 D 0 

Oo 
0 

0 

.Test well 4 

t 
o I 

OQ I 

0 

0 

000 

0 

0 • 

0 

0 

o" 
o· 

~ 

'irit~ : I tl ; : l · : ·r-r:4;.f) I · · ' · 
·;~Gft ~--· .. ------- --j-·· --- . -- ... : .. -.! .. .. . ~ : ; -
J~~-i~N9Te' P mpin~ Ieveii Dece~ber j954,:763.~5 feet Note' P;umping lev~l December: 1952, 117~.12 fe:et +J,n:,l . 1 1 • 

1 
I 

~1:f_~~; . - ____ : __ __l____:_!._. ___ l -------~---- l ......... - - ---- ......................... ·-- -~ ..... ------ ····-- -- ... J ............. -- . .. . .. . . .. . ... ! ..... -...... l ...... ....:.. ... . * .' ·: ~ ~ ~ ~ ~ ; ; ; 1 ~ ~ ; ~: ; ·' . : -~ . . ~ ~ : : . ? = ~ .. :· ; . J ;; : :i. ~ :: 
r<i~5, 1 1~52- 11953 J ·~54 lt955--"J-195-~ --·-r-1·9·5·2·--·--r~s53----·--r-;;5-4----·1·1-955 ____ J 

Figure 8.--Nonpumping water levels in test wells 1, 2, 3, and 4. 

·,"-.../ \ . ........_..' ··-..../ 

749 

750 

751 

752 

1165 

1166 
:.. 

1167 

1168 



( 

CJ) 

w 
::c 
(.) 

z 

z 
~ 

z 
0 

1-
c;( 

1-
n... -u 
w 
0::: 
0.. 

( 
--.. I . . I - : :-::t:;::" 

: . ·~- : . I ~ ~ - i: 1: Jl i ~. t-Et .. : . . : U : LJ_ : I . . : : hJ . tr:~, 
"i···. ·····j···-· """" "-· ,., . .;~--~.~ . :·,:::.: :~:.:,_:::~: :·:.· ::::: ::::· ~·~ 

::.:: :::": ":":: ,-:.:;:: ~::.: j": ":: ": :_: :·:· r-!"~·:.· : : : : : i : " " : . ; : j:: :: : : :: : . t ' : . : : :. : : :1-:C: _. . • -~ -. . " . . " "". • .. "l . " • . . . •. - ·1+!:~- . " 

~if-·:~ :\: 
~.:: i"i- :::: 0 -~-.- ... I .... 

•~:::: ::_::.:_,._: 
::.:: .. 

. _J;::;::·: : : :.: : : : : i : 
t~ lr. "' ..: ..; .. z ..: ~ II • ..: ..; • z ... (,) • a ..: u " . .. •!'.• . • ::> ... ... .. :: ... « 

~ ... .... .. ::> "' "' .. 
"' ~· 

c ::> .. 
:7~~· !I> lll .., .. .. • .. .. • "' 0 • .... ., 0 • ., • .. J ..., .. . ., 

I 1.~5·0 .1 ,1~51 ..l t952 •, 1·953 1954 1955 . .: 

Figure 9.~-Monthly precipitation at Los Alamos, 1950 through 1955· 

( 

t' 



EX PLANATION 

CATIONS ANIONS 

~ ~ 
No Cl and N03 

D 
Mg 

[[]]] 
Co 

( 

Analyses by U.S. Geological Surv~y 
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