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IN REI r.:ONOITIONAL CE:P.'l'IF'ICA'UON OF' NPOE:S IJJ::P.Jrlt'l' NO. NH0038355 

Q I PLEASE STATE 'lOUP. NAl~E. POSITION At-to eusiNESI:i ADDiu:ss. 

A. Hy n~me is Alan Keith Stoker and I run employed by the 

University of California, Los Alamos National Laborator-1 

(LANL). I am a Staff Member on the Hydrology Team of the 

Environmental Health Physics and Hydrology Section of the 

Environmental Prot:.eet:.ion Group ( ru~-8) I which is ~;>art of the 

Environmental t•lanagement Division under the Aaooc:iat:.e 

oirec:tor for Operations. My business address is Mail Sto~ K 

490, Los Alamos National Laboratory, Los Alamos NM, 87545 

Q. ~THAT IS 'lOUR EDUCATIONAL AHD PROt:'l!lSSIONi\L BACKOROIJNO? 

A, t~y Academic training includes the following Academic 

Degrees! 

e.S. Physics, 1965, occidental College, 

t•l. S I, Environmental Engineering, 197 2, Stanford 

University, and 

Engineer Degree, Environm~ntal Engineering, 19?:. 

Stanford University. 

Other Gradutlte Work •.•los completed at the University of 

Southern California and the University of California at ?S 

Angeles, ""'::ious short courses include nwnerous 

professional tr· ~ing classes and seminars in areas 

including vadose :one hydrolo~;, vadose ~one moni~oring, 

drilling technolo~J, quantitative ~isk analysiG1 P.C?~ 
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requirements, Droject planning and management methodologies, 

team development, technical presenta~ions, mainframe ~nd PC 

computer applications, and Quality Assuran~e requirements 

and procedures. 

t1y Professional Certification includes 1 

California State Soard of Regiatrotion for Professional 

Engineers, EIT Certificate H35477 (Enqineer in 

Training) 1974, 

California State Community College wifatime Certificate 

valid in several fields including Environrnent~l 

Studies, Physics, and Mathematics, 1974, 

Q, PLEASE Sut.fMARIZE YOUR RELEVANT EXPERIENCC: WHICH 

QUALU'IES •rou To suat~IT TEST:tt-to~.t IN THIS CASE I 

A.. t·1Y professional b~ckground includes about 20 years in 

hydrogeolo~/ and environmental engineering, almost 19 of 

'..thic:h have been at. Los Alamos 1 From :1.974 to the present I 

have been in what is now kno'ttn as the Environmental 

Protect ion Group ( E:H·Bl , I now \llork as a technical st.:1: ~ 

member in environmental monitoring in technical field of 

hydrology. During tn'/ tenure in the group I spent seven :,•ea:::; 

as deputy group leader. I have authored nwnerous 

publications~ several with particular emphasis on 
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hydrogeolog-J. Additional detail on rtrl SDecific a:o:~4arienc:a 

at Los Alamos is con:ained in EXHIBIT STOKER·l, 

l?rior to joining the Laboratory I VIas a Research Engineer at 

Stanford Research Institute, June 1973 to June 1974, I 

carried out water qualitY1 wastewater treatment1 and water 

resources development studies, 

Q, WHAT IS THE PURPOSE OF YOUR TESTIMONY 

A. I will present the baais for understanding the 

hydrogeologic system in the Los Alamos environs. 

Hydrogeology deals 4ilith both surface and subsurfac:e water~ 

and their int~ractions with each other and geologic: 

conditions. I will define the types of streams occurring in 

the area, desc:ribe the relationships between surface water 

~nd the various types of groundwater, and explain the ma~or 

path•..,ays by •;~hich discharges can be moved in the natural 

hydrolo9ic system. 

t•ly testimony will demonstrate se~ten maJor conc:lusio~s. 

Expanded discussions of and evidence for each conclusion are 

provided in e: .. .hibits attached to this testimony. The ma:·:r 

conclusions aret 

ll The Los Alamos region is one of the moat e:.:tensi'.''3::,· 

studied and documented areas il'l Ne•,y t•le:dco 'llith regard o::. 
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its hJ'drogeologic charactet"istics. Numerous (;)Ubl:l.shed 

docwnents and articles docwnent investigations during the 

last SO years. 

2) The vast majority of stream reaches within the 

~aborato~/ bounda~J are ephemeral, including ~11 the 

locations into which NPOES regulated effluents are 

discharged. These ephemer~l strenm reaches produce little 

or no flow to the Rio Gr~nde. Nwnarou~ documented 

professio11al observations of the nature of the streams date 

back to 1943 •,yhen the U. s. Army Corps of Engineers 

undertook a series of studies to develop a reliable w~ter 

supply for Los Alamos. 

3) The few perennial reaches of streams within the Los 

Alamos National ~aborato~/ lands are not receiving Ylaters 

for N~DES regulated effluents. 

4) The stream-connected alluvial perched ground•.a~ater3 

in the bottoms of the canyons on the PaJarito Plateau are 

not continuous to the Rio Qrande, and are not the source oe 

the springe in ~~i~e Ro~k Canyon. 

Sl The springs in White Rock Canyon of the P.io Or~hde 

are Eed from the deep, regional main aquifer of the Loe 

Alamos area. Several of these springs are res~onsible for 

the natural flow into the Rio Crande from three of ~he 

6) The deep groundwater in tha main 

Alamos envi~ons has not baen, and is not 

- s -

aquifer of the ~c3 
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affected by infiltration of water from the surface of th· 

Pajarito.?lateau. 

7) There are no regular flows that extend from the 

Laborator'j areas \1/here NPDE:S-regulat:.ed effluents are 

released all the way to the Rio Grande arising from either 

natural flo• .. Js, effluents, or other man-made releasee 1 There 

are only t•.-1o circumstances during which flow extends from 

the lu~~ratO~/ areas receiving NPDE:S discharges all the w~y 

to the Rio Grande: 

The first is during heavy snowmelt seasons when flo 1.1 

may extend all the way across the laboratory and on to 

the Rio Grande for periods of a few days to a few weeks 

in a few ca~~ns. 

The second is during heavy thunder~torrn runoff. This 

happens periodically in several canyons 1 The Clo~,o1a 

generally last no more than a few hours. The magnitude 

of the flows have been estimated by a standard 

numerical modelling technique developed by the Corps cf 

Engineers. 

The remainder of m1 testimony will be directed to 

elaborating on the reaoons for these conclusions in s~~~a~J 

fashion. I •.<~i 11 refer to e:o:hibi ts or other more det6i led 

documents that illustrate or SUDport the conclusions. 
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informatio" in the testimony, exhibits, and documents 

represents the work of the entire Hydrolo~; TeamJ that is 

who I include '"Jhen I use the tet1n 11 We I 
11 I will close the 

testimony •~Yith a canyon-by-canyon revie\'1 oe the moat: 

important hydrologic conditione in each that are relevant to 

this hearing. 

0, NOULO 'lOU PLEASE E:~:PLAIN THE BASIS 1.1'0~ YOUR STATEHC:NT 

THAT THE LbS ALAHOS RE:G.ION IS E:XTll:NSIVELY S'!'UOilllO AND 

00Ctn•1E!NTE!O ? 

A 1 The Los Alamos region is one of t:.he moat e:'.teneively 

studied and documented c:n:eas in Ne•11 l~exico with rec;~ard to 

its hydrogeologic characteristics, More than 600 publish~d 

documents and articles document investigations made during 

the last 5~ years, These sources are cited in an annot~ted 

bibliography of geologic, hydrogeologic, and environmental 

studies related to solid waste !Th!lnagement units at Li\i'IL. 

This bibliography, entitled "Annottlted aibliograt'hY of 

Geologic, Hydrogeologic, and Environmental S~udies Relevant 

to Solid Waste Managament Units at Los Alamos National 

Laborat:.Or'J, 1
' 'lias originally submitted to the Environmental 

Protect ion Agenc:y ( E:PAl and the Ne'.Y Me:dco Environment 

Department (~~EO) in September 1990. The full c:itation 4: .... 
.... M 

th:!..s published document, and all others I ',~Jill cite in rtl'J 

testimony, is included in a List of'References provided l3 
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EXHIBIT STOKER-2. Addicionally, another copy of the 

bibliography and an update ~1ere aubmil:ted in 1993 in 

res~·-nse to a dc'"'•.unent request from the NMEO in this case, 

The bibliography ~nd copies of the literature it describes 

are available for review in the Snvirorunental Restoration 

(ER) Program's public reading room located at 2111 Trinity 

Drive, Building 2, Room 10, in ~os Alamos, 

Numerous documented observations of the nature of the 

streams and surface water occurrence date back to 1943 when 

the u. s. Army Corps of Sngineers undertook a series of 

studies to develop a surface water supply for Loa Alamos. 

Beginning in the late 1940s, the u. s. Geological survey 

(USGS) provided direction for developing the more reliable 

groundwater supply wells. At the same time, the USGS 

started environmental monitoring of surface and groundwater 

for the newly-created Atomic Energy Commission. The USGS 

monitoring and hydrologic studies continued through the end 

of the 1960s, In l969M1970, the environmental monitorin~ 

tasks •,~Jere assumed by the predecessors of what is no\1/ t.he 

Environmental Protection Oroup l Sl4·8) at LANL. 

Q, ~THAT IS THE: BASIS FOR 'lOUR CONCLUSION THAT HOST RE:,;CHE:S 

OF STRE:AHS ~IITHIN THE LOS ALAMOS NATIONAL LA80AATOP.Y A.P.E: 

EPHEHEP.AL? 
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A, ~ty own direct observations during my lB~plus year 

tanure at Los Alamos, coupled with1 1) an extensive 

familiarity •,•lith the documentation and observations of 

\•tilliam D, ?urtymun, 'o'lho conducted hydrologic and monitoring 

studies in Los Alamos since 1959, first with the USGS and 

subsequently 'o'lith the University of California (LANL) 1 most 

of his reports are listed in the bibliogrophy noted above 

(see EXHIBIT STOKER·2), and 2) by study of the documents 

produced for the u. s. Army Corps of Engineers and the 

Atomic Ener~J Commission in the 1940s and 1950s, including 

the earliest prepared by the Corps of Engineers in 19·13 and 

three prepared by Black & Veatch Consulting mngineers in 

1946, 1948, and 1951 (all cited in E!{HIBIT S't'OKER~2), 

Q, PLEASE EXPLAIN FURTHER WHAT 'lOU MEAN B'l SA'l!NO 11 lo10ST 

REACHES OF STREAMS I I ' A.RE EI?HEMERAL' II 

A. The portions, or reaches, of canyons on the Pajarito 

E'lateau that are within the LANL boundar/ are dr; for most 

of their length most of the time. These porcions of the 

canyons flow only •;Jhen spring snowmelt or t;)recipitat icn, 

such as swnmer thunderstorms occur, and are technicall~~ 

termed ••ephemeral," There are only a fey/ reaches or 

portions of the canyons of limited length that have 

naturally flo·~ting water supplied by springe or other 

groundwater ~hat flow all the time in all years. These 
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portions or reaches of the stream channels are the only 

perennial reaches. There are also a few reaches that flow 

intermittentlyr that ia, they may dry up during Darts of the 

year, 

Q, BECAUSE A CLEAR UNOERSTAMOINO 01l' THE: TECHNICAL 

HYDROLOGY TERMS !S CRITICAL TO UNO!!:P.ST~TDING THE 

APPLICABILIT'f OF THC: ~~E~I 14E:XICO STREAM STANDARDS, COUt,O 'IOU 

PLE:ASE FURTHER EXPLAIN THE: TERMS 'IOU ARE USING BEF'OP.E 

PROCEEDING ? 

'A. The tern\s ~re technical, and they arm also defined 

within the le~al framework of the New Mexico Stream 

Standards !hereafter Stream Standards) in Section 3·100, 

Accordingly, I am using tet'minology e:o:actly in accord '1lith 

definitions contained in the Stream Standards when the~ 

appear there, and supplemented by other professionally 

accepted technical usa~e aa referenced in the Oloe::,cq;y ,e 
n~glo~l published by the American Geological Institute 

(AGI), \'lashingt:on, o.c., in 1972 {see EXHIBIT STOKE~-:n. 

This ~eference appears to be the source of most: of the 

hydrologic definitions contained in s~cticn 3·100 of th~ 

Stream 2 1ndards. 

Same general points and assumptions must be emphasi:edl 

'tlhen using the term 11 flow, 11 ! use it e:·~act.l~/ aa gi·.·~~ :.~. o::,,~ 
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Stream Standards at 3-lOO.NI "Flow, relative to the four 

definitions of streams herein, means .cat:ural flo•;/ ensuing 

from the earth's hydrologic cycle, i.e,, atmosDheric 

precipitation resulting in surface and, or, ground-water 

runoff," Note carefully the emphasis I have placed on th~ 

word "natural," which is the fundamentally operative part of 

the definitionJ "flow" in relation to the four stream 

definitions does not incl·· 4 '3 effluents or other man-made 

discharges. Also, please keep in mind that the Stream 

Standards and AOI !l:,:"!Ul9r'l of Geolpqy definitions indica~e 

th~t: the term "stream•• may be used t.o refer to either an 

entire streaQ, or only t.o a reach of a stream when used in 

conjunction •.vith the terms ephemeral, intermittent and 

perennial. Vlhen using the terms "ephemeral, intermit:. tent, 

and perennial,~ I use them exactly as defined in the St~eam 

Standards at 1-JOQ,J,, P,, and cc,, respectively, Othe~ 

terminolo~J is used either as defined in the Stream 

Standards (when the terms are defined there) or as given in 

the AOI Glossary of G~oloqv,, I have compiled the most 

important ones together for your convenience as mXH!BIT 

STOKE:R-3, 

While :eali:ing that we must always keep in mind the pr~:~s~ 

definitions~ :t 'Hill tr'/ to aununarii!e the essential conc"=r.~s 

of the three types of stream fl~w covered in the 

definitions! 
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"Perennial" is easy to understand. A perennial stream 

or reaeh of a stream flows all the time, all year, 

every year, It does not depend on changes in climate 

within a year or from one year to the next. Also, its 

surface is generally lower than the surface of the 

water table of the re~ion adjoining the stream. This 

is the key1 perennial flow depends on the input of some 

type of qround•;tat:er, most:. often from a St;)ring or seep 

in or adjacent to the channel, In the ease of Los 

Alamos the input of ground '.Yater is from the regional 

water table only in the case of springs located in or 
1.4Jithin a mile or so of White Rock Canyon of the tHo 

Grande, This is because the regional main aquifer lies 

hundreds of feet below the mesa tops and canyons of the 

l?ajarito l?lateau where the Laboratory facilities are 

loeated. Water supplying seeps and springs on the 

flanks of the Jeme: Mountains at the western mar;in of 

the Plateau comes from localized bodies of perched 

groundwater of limited extent1 and thus, is "perennialu 

in the strict sense of t:.he Stream Standards definit ~·~n 

only by depending on the exception provided by t:h~ 

clause "is generally lower than," 

"Ephemeral 11 is also easy to understand. An et'hemersl 

stream or reach of a stre6m flows only in respons~ =~ 
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pr.gcipitation, such as thunderstorms, or snowmelt, 

This means the flow occurs onl~ at specific times 

det9rmined by climatological condi ~na, for limited 

periods, often only ver<J briefl~'· It never flows all 

year lon". Also, its "channel is always above the 

water table of the region adjoining the stream," This 

is the key, ephemeral flow does originate as 

groundwater! rather, it may fead or recharge 

groundwater, In the Los Alamos environs, the regional 

water table of the main aquifer lies hundreds of faet 

below all of the mesas and canyon bottoms, The water 

tables of the limi~ed•extent, alluvi~l perched 

groundwaters within the canyon bottoms are also lower 

than the stream channels with very few exceptions. 

"IntermittentM is more complicated, An intermittent 

stream or reach of a stream flows onl~, sometimes. Th•!! 

f lovJ may be from ground•,oJater, as from sprinlf~ or seeps 

from alluvial ground'ftater runoff, or from snovtmelt or 

precipitation. However, water lost to either 

evaporation or seepage into the ~round, uses up th~ 

available flovJ over ''a~Jin~ distances, An e~'.ample 

would be a reach of a stream below a BDrin~. The 

spring might support perennial flow (flow all ~ea:, 

e1.'9r'J j'eat•) for, say l/2 mile, During the colder 

months of the :lt~.!lr, ',·then eWat'oration is lo•.oJest, ~:.:· .... ;! 
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the s~ring·fed stream might continue eor another l/4 

mile, aut .:ss the '~leather \'/arms, that e:f.t:ra length of 

flo•;t .,,ould be gradually depleted, so that by mid-swnmar 

the extent of flow is only the perennial 1/2 mile, The 

extra 1/4 mile that flows only part of the year would 

be called an intermittent reach, (Such a aituat:ion 

occurs in the uppermost reaches of Los Alamos Canyon, 

~bove the Los Alamos reservoir,) Another example would 

be a reach of a stream that flows from eno~$elt, but 

only when sufficient water has infiltrated the channel 

and recharged the alluvial groundwater so that che 

stream sta~·s on the surface, Aa the snowmelt seaoon 

goes on, the flow extends further and further down 

stream because less infiltration occurs. When the 

in~ut of snowmelt water ceases, the surface flow may 

continue for a time in the more downstream reaches as 

,,.,.ater built up in the alluvium of the stream channel 

moves do~,omgradient:. and returns to the channel. 

(Situations like this occur in both ~os Alamos canyon 

anct Pajarito Canyon within the LaboratO~/ Lando.) !n 

intermittent flo'JI, the adjacent groundwater may be 

either higher or lo\'Jer than the stream flow, <!!.nd o::-an 

will be different at different times of the year. 

The defini~ions also include the term u intet·ru~ted stre:1r.:," 

at:. 3-100 Q, This refers only to an entire stream and ~~: :: 
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just a reach of the stream. Quite logically, the term 

interrupted stream simply means a stream that has reaches 

with differing characteristic flows. SDaCifically, the 

Stre~m St~nclards dafini~ion adopted the portion of the AOI 

Clos~act qf Q~olo~~ definition that s~acifies a stream that 

has perennial reaches tflo\ot all year, ever'/ year) •.Yith 

intervening inte:r:mittent (flow only at certain time of year) 

or ephemeral reaches (flow only in response to precipitation 

or snowmelt), If one ~lso t~kes into account the asp~ct of 

the Stream Standards definition of ~elow" that notes, 

"Natural in-stream E1o1•1/ may ba interrut:~ted or eliminated by 

dams and diltersions, " then a stream lt\ay be interrupted 

because of either man·lt\ade dams o~diversions, or by na~u~al 

geologic structure, In the Los Alamos environs, tha natur~l 

geologic conditions resulted in the oceurrence of 

interrupted streams prior to any 1/Jorks of man on t:.he 

Paj arito Platee'.U, ( Sl,)eci fically, I refer to Guaj e, Los 

Alamoo, l?e.:larito, and 'llater Canyons, l 

Q, \'/I Lt.. 'lOU PLEASE: APPt.,'( THES!l: CEt:'UIITIONS TO THI:: STREi\!•IS 

IN THE LOS t\LAf.IOS 1\P.E:A AND RELATC: THEM TO THE LOCATIONS •:·~ 

THE NPDES DISCHARGES ? 

A. The m~p in EXHIBIT STOKERM4 (id~ntie~l to AronsonN:~J, 

which depicts t:he ·~Jater~hada of t:he t..os Alamos area, 

contains tn'/ conclusions, !•li' conclusions '.Yere reached c;· 
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applying the Stream Standetrds definitions coupled •Nit:h my 

own observations and tn'J ~no\llledge of other documented 

professional observations extending back t:o 1943, and 

documented anecdotal observations of stream conditione back 

t:o 1914 (see E!<HISIT STOKER·2), 

The ~ap illustrates t:he perennial reaches of the canyons 

with a solid blue line. Only four of ~he canyons contain 

perennial reaches within the Los Alamos National LaboratorJ 

boundary. These are P~jarito Canyon, Water Canyon, Ancho 

Canyon, and Chaquehui Canyon. Of these four reaches, note 

that three of them occur at a significant Qistance 

do~mstream, to the east, of any Laboratory facilities or 

NPDES discharge points. 

Other perennial reaches occur outside of the LaboratorJ 

lands in the drainage areas of GUaJe Canyon, Los Alamos 

Canyon, Sandia Canyon, Pajarito Canyon, Water Canyon (and 

its tributary canon del Valle), Ancho Canyon, and Chaquehui 

Canyon. 

Within the Laborato~J lanQS, !;)erennial reaches in the lo•,,aer 

portions of Ancho Canyon and Ch~quehui Canyon are close 

enough to t:he Rio Grande that they e:<tend to the Rio Clr3r.:i~ 

without being depleted. In lower Water Canyon, the 

perennial reach is VfiJry short, and extenda into an 
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intermit.tent reach thc!1t ia also short, and does not e!.:tend 

to the Rio Gr~nde. In Pajarito Canyon, ~bout 1 mile east of 

State Road SOl, a spring that. has been called Homestead 

4 Spring, feeds a perennial reach a Caw hundred yardG long. 

5 This is follo·~led by an intermittent reach that flo\•Js varying 

6 distances depending on climate conditions. 

7 

8 Essentially all other reaches of canyons within the LANL 

9 boundary are ephemeral. •rhat is, they flow naturally only 

10 briefly in response to precipitation or snowmelt in the 

ll immediate locality. Some other reaches are intermittet'lt:, 

12 especially those that flow during part of the year by 

13 temporary storage of snowmelt that recharges the alluvi~l 

14 perched groundwater and then supports flow for a somewhat 

15 longer period as groundwater runoff. 

16 

17 On a regional basis, that is considering the entire len9th 

18 of a stream, including the portions both within and outside 

19 the Laboratory, four of the canyons would be consi9ered 

20 interrupted. These include Guaje canyon, Los Alamos Canyon, 

21 Pajarito Canyon, and 'rlat:er Canyon (including its t:ribut:~t"'/ 

22 Caf\on del Valle). These ~re interrupted because they h.:'l'/e 

23 reaches that are perennial because of spring flow, one o~ 

24 more reaches that are intermittent because of the aprin·~ 

25 flo•"' or temporary storage of infiltrated ephemeral flow, ar.d 

26 one or more reaches that are ephemeral as a result of 
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precipitation. However, that does not affect the conclusion 

that the reaches vii thin the Laborat.OI"J boundaries are 

ephemer~l. excepting the reaches near the springs already 

4 noted, 

5 

6 The conclusion is that the great:. maj·.:~rit.y of reaches of 

7 canyons Yti thin t:he Laboratory are e{;)hemeral, The map in 

8 EXHISXT STOKER·4, which ~lao depicts the locations of the 

9 NPOES~regulated discharges, showa that none of the NPDES 

10 discharges are are made into perennial reaches. This is 

ll basically the same conclusion contained in the EPA summa~/ 

12 statement that "discharges are into various ephemeral 

13 streams which produce little or no flow to the Rio Grande." 

1~ Certainly, none of the discharges extend into perennial 

15 reawnes, which are the only reaches included in the 

16 definition of Segment 2·118, 

17 

18 Q, HAS THE DEVE!LOI?M.ENT OF MAN .. MADS DIVERSIONS SUCH AS 'rH~ 

19 LOS ALAt•tOS CMrtON DAH, ~IHICH CRE!ATE:D A RESI!!RVOIR 1 AND 'rHE 

20 ~lATER CANYON GALLER~ DRASTICALL~ CHANGED THE CHARACTI!!R 0~ 

21 THE HISTORIC NA'I'UAAL FLO~/ IN THU: CAW/ONS ? 

.,., .... 
23 A, The developments have had effect, to be auret but, the~ 

z,~ have not changed the Eundrunent.al nature of t.he t.ypeo of ~lo'.•l 

25 occurrinq in the canyons. I base this eonclusion on the 

26 recorded observations of ~he professional hydrologists 
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assessing conditions for the Corp~ of Engineers in the early 

1940s, and on their documented interviews with persons 'llho 

had observed conditions on the Pajarito Plateau for many 

years. The Corps 1 1943 report and three others prepared for 

them are cited in EXHIBIT STOKER-2. 

I will briefly summari:::e their observations. In general, 

the Corps of Engineers hydrologists concluded that only six 

streams in the vicinity of ~os Alamos had enough regular 

flow to even be considered for supplementing the water 

supply, The six included, from the south, Frijoles, Water, 

Pajarito, Los Alamos, Guaje, and Santa Clara. The Corps of 

Engineers immediately dismissed Frijoles and Santa Clara, 

the only two streams that flowed perennially to the Rio 

Grande, because they were dlready appropriated and too far 

away. The Corps of Engineers described the remaining 

streams as having small but generally constant flow in their 

upper reaches, with most of the water disappearing into the 

ground before going ver1 far on the Pajarito Plateau. One 

hydrologic interpretation suggested that, '1 
, • • a large 

portion of the flow of the streams soon disappears under ~he 

ground to appear near P.io Grande in the form of springs. 11 

We now know that the source of the springs is not related to 

the canyon surface flow, as will be discussed later1 but ~= 

is worth noting that it is an easy mistake to be made ercrn 

obse:vation limited to the apparent surface phenomena. 
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A ~urvey performed by the U, s. Geolo;ieol Survey for ~he 

Corps of Engineers made the following observation about tha 

canyons, "E!<cept in periods of heavy runoff most of the sa 

slota (canyonsl in the bench (Pajarito Plateau} are without 

surface '#ater, althou<;h the head•~Jard t;>orl!ions of a fe'f/ of 

them appear to have permanent streams eor short distances 

before emerging from the Valle Mountain flank,H 

Anecdotal observations documented in the report include 

those of A. J. Connell, who was a forest ranger from 1914 to 
1917, and then operoted the Los Alamos Ranch School from 

1917 until 1942, He noted that auaje Canyon always flow~d 

better than Loa Alamos Canyon. He indicated that the school 

had obt~ined its water from a well in Loa Alamos Canyon 

(evidently relatively near the school in the middle reach of 

lies Alamos canyon) until 1922 when it dried up. This 

indicates that:: aven before construction of the first s"'all 

dam1 perennial flow did not: extend very far down the cal1/'Cn, 

Furthermore, there '1/as not sufficient perennial flo1,11 to 

recharge the shallow alluvial perched groundwater in Los 

Alamos Canyon roughly four miles downstream of the present 

reservoir. Because of t::hie, in 1922 the school construc~ed 

a pipeline up Los Alamos Canyon to interce~t the perennial 

flow in the upper reaches of the canyon. 
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Thus, even historically, the perennial flow in ~os Alamos 

Canyon did not extend beyond the present reservoir, and 

intermittent flow did not consistently e:<t:end even do\am to 

4 the vicinity of the Ranch School, the present location of 

5 the center of the Los Alamos townsite. 

6 

7 In regard to the upper reaches of Water Canyon (i.e. west of 
8 State Road SOl and the present-day Laboratory boundary) the 
9 engineers noted that 11 This strewn contains numerous small 

10 trout and several beaver dams and it ia improbable that 

ll these would be present in a stream having no dry weather 

12 flow,N They note that it typically had flow greater than 

13 that of Pajarito Canyon and 11 
••• from two to three times that 

14 of Los Alamos, 11 This is the natural, perennial flow th.: .. 

15 occurred prior to construction of the Water Canyon GallerJ. 

16 In spite of this documented much greater flow in Water 

17 Canyon, the report goes on to state, "Since the flow of 

18 Water Canyon sinks into the ground before leaving public 

19 lands, it is doubtful that any water rights have been taken 

20 there. 11 (I have not been able t:o determine precisely •,•/hera 

:n the public land boundar'/ was lit t.he date of this obr.:~~.n"'llltion 

22 but it may be as far •,otest aa t:he boundary to the Ramon Vigil 

23 Grant, which is about where the present State Road 501 ia 

~4 located,) The engineers proposed install~~g a dam in the 

:s northerly drainage of Water Canyon into which the water f::m 

~6 the spring that is no·~/ ':.he t;1!11ler'J discharged. The 
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installation of the galler; ultimately interoe~ted most of 

this flow, thuo reducing the length of perennial flow • 

However, Water Canyon did not flow far across the Pa~arito 

Plateau even before any development. Accordingly, the basic 

character of the further downstream reaches was not altered. 

Q. ~tHAT ABOUT THC: STATE:HENTS IN THE NNEO REPLY FILED OH 

DECEHBE:R 21, 1992, IN 'tHIS CASE, THAT FLOW REOULARL 4l OP. 

CONTINUOUSLY OCCURS IN OTHER PORTIONS OF SOME OF THE: CAN'fONS 

? SOME OF THESE STATF'J•1E:NTS 1 !fOR EXAMPLE 1 OCCUR ON PAGES 2 6 

(TWO INSTANCES IN BOTTOt~ PAAAGAAPH), PACE 27 (TOP 

PARAGRAPH), PAGE 31 (FIRST COMPLETE PARAGRAPH), PAGE 34 

(FIRST COt1PLETE ::A.RAGRJ\PH), AND IN THE AFFIDAVIT OF PETER 

KE:IM MONAHAN, INCLUDED AS 'rHEIR EXHIBIT 2, 

A. These other flows are not natursl flowa. Thus, the 

resches or streams in ·~1hich they occur are not perennial, 

ephemeral, in~ermittent, or interrupted within the meaning 

of the Stream Standards definitions, because of the specific 

definition of uflow" in 3-lOO.N that limite "flow" in 

relation to these other four terms to be natural, To quote 

the Stream Standards, wtt"low, 1 relative to t.he four 

definitions of streams herein, means natural flow ensuin~ 

from the earth 1 s hydrologic ~Jcle, i.e., atmospheric 

precipitation resulting in surface and, or, ground-water 

::unoff.w 
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I should point out that in some published documentation the 

terms 11 perenniaP and 11 intermittent 11 hc!!Ve been applied in 

4 conjunction with descriptions of effluen~ discharges or 

5 other man·made releases. These were ·~1ritcen without 

6 cogni::ance of the 'le~J J;lrec:ise meaning l!lttached t:o the term 

7 1
' flow" by the Stre~m Standards 1 (In general hydrogeolo9ic 

a usage, the term flow is not so reotrietiVe/ see, for 

9 e:<amL')lel the AOI Olon:;)aty of Geologv, cited in E::<HISIT 

lO STOKER-2. l Howevet·, within the L')reciaely defined 

11 terminology of the Stream Standards, it is a non !l~qt.li tu:: to 

12 apeak of a "perennial discharge," Accordingly the documents 

lJ will have to be viewed in light: of whether they were written 

14 specifically to address the technical regulate~/ issues of 

15 this case, or rather, as is most oftan the case, were more 

16 general hydrologic diac:usaions, 

17 

lB There is flow that re~ularly occurs in other lo~ations 

19 because of dis~harge of effluents or o~her relaasea. In 

20 order to clistinquish the non•nacur~l character of the~a 

:21 Elo•~1s, I will use the term "efeluent -supported" t:.o mean 

22 flows ensuing from ~IPCES·permitted dis chargee, or 

23 "anthropogenic flows" to mean other man•made releases. 

24 

25 The major effluent·GUpDorted ot anthropo~enic flows ara f~om 

:lo sanit:.at"'J' se•,tJage tre~tment plant:. diac:harQes. t:'or e!l.i!ltn~l~, !.n 

M ~3 10 
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Pueblo Canyon, the effluent from the Los Alamos County· 

operated aayo Sew~ge Treatment Plant ISTP)1 creates an 

effluent-supported flow that extends across the DOE pro~erty 

and flows into Los Alamos Canyon essentially all the time1 

by early 1993, the effluent-supported flow extended through 

the entire lower reach of Los Alamos Canyon and into the Rio 

Grande continuously. 

In Sandia Canyon, the main Laboratory STP discharge cre8tes 

an effluent-sutn:lorted surface flo\11 that typically e:<tends 

about 2 l/2 to 3 miles do\lm the Sandia canyon channel, by 

which point it completely infiltrates the alluvium. Thia 

effluent -su!;)ported flow in Sandia Canyon does not e:<tend t:c 

the Laboratory boundary. 

In the lower reach of CaMada del Buey, the discharge from 

the Los Alamos county-operated White Rock STP creates a 

continuous, effluent·supported flow starting on Loa Alamos 

County land that extends onto San Ildefonso ~ueblo land to 

the confluence of Ca~ada del suey and then on into the Rio 

Grande. In Los Alamos Canyon 1 release of water from the :...:z 

Alamos Reservoir via a pipeline that extends a short 

distance onto LaboratO~/ property, may (during parts of ~he 

year when the reservoir is not dischar~ing over its 

spillwaj'l cesult in flo•;J in the middle portion of the ~:~r.J·:n 
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for several months, This occurred dur· ~g ~he win~er of 

19 9 2 ·19 9 3 , for e:o:omp l e , 

Q, 'lOU NENTIONI!:O THAT SOHE Otr THE PSRI!!NNIAL ll'LOWS IN THE! 

5 LO~JER REACHES OF' SOt4E OF THE CMr/O~lS NEAA \'IHI'rln P.OCK CA!NON 

6 ~JERE FED B'l SPRINOS, THE HMED RE:Pt.N t:'ILED IN THIS CASE ON 

7 DECEMBER 21, 1992, SUGGESTS ON PAO~ 31 (FIRST COMPLETE 

8 PARAGRAPH} THAT THOS~ SPlUNOS toL\'f Bll: FEO B'f EITHER NATUP.AL 

9 OR E:FFLUENT·SUPPORTED FLOW SEEPING INTO THE ALt,UVIUN n1 THE 

10 CNortON BOTTONS AND MOVING AS GROU'NDWATE:R TO as C!SCHAP.OEO AT 

11 THE SPRINGS, \1/ILL 'IOU PLC:ASS EXPLAIN '/OUR CONCLUSIONS AI?.OUT 

12 THE SOURCE OF THOSE SPRINGS ? 

13 

14 A, These sprinoa in some of the stream channels leading 

15 into White Rock C~nyon, as well as those in White Rock 

16 Canyon itself, are fed by the deep, regional main a~uifer 

17 underlying the Pajarito Plateau. There are four important 

18 lines of evidence for this conclusion: their geologic points 

19 of origin 1 the diacontinuity of the alluvium, the gene~~l 

20 cher.·.~cal quality of the wat:.er1 and ~he a!;)parent age of the 

21 ',•wter, They are definitely not fed by the alluvial ''lat:~r in 

22 the stream channels, 

:n 
Q, PLEi\SE: e::~PLAIN ',•11ii\T 'IOU l•1E:AN f:J'{ "GEOLOGIC I?OINTS Ot=' 

25 OP.IGIN 11 ? 
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A, In order to provide a clear answer for anyone vJho may 

not be familiar with the geologic structure of the Pajarito 

Plateau, I f~rst need to provide a brief description of the 

geologic setting ~nd cross section of the Loa Alamos area, 

A moderately detailed overview of the hydrogeoloQic 

environment is sununari~ed in Cha(;lter 2, ''Instal lat. ion 

Description," contained in the "Installation Work Plan for 

Environmental Restoration," Revision 2, published in 

November 1992 (see citation in C:XHIBIT STOI<ER-2), 

Q, WOULD ~OU PLEASE DESCRIBE THE GEOLOGIC SETTING AND 

GEOLOGIC CP.OSS SECTION ? 

A. The Laboratory is situated on the Pajarito Plateau on 

the east flanks of the Jeme~ Mountains and on the west side 

of the Rio Grande valley as shown in the figure provided as 

E!<HIBIT STOKEP.-5, 'I'he Jeme:: Mountains are !;)art:: of a 

volcanic field, which consists of more than 400 cubic miles 

of voleanie rocks erupted from nwnerous vents, including a 

giant caldera. T~o maJor volcanic: eruptions occurred about 

1.5 and 1.13 million yeara ago deposited thiek layers of ~he 

Bandelier Tu£f, This tuff forms the Pajarito Plateau, a 

gently eas t•,.tar:d .. sloping surface dissected by nwnerous stee!;) .. 

sided canyons. 
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The n~:·:t: figure, provided e1S e:~HISI'I' STOKE:RM6 illustrates 

the geologic cross section through the Pajarito Plateau, 

Beneath the Bandelier Tuff, older voleanic rocks (especially 

basalts) and sedimentary deposits e:<tend to great depths. 

~hese include the ~uye Formation, and other aedimenta~/ 

deposits of the Santa ~e aroup. Additional details ar9 

contained in the Installation Workplan, cited earlier, a 

paper by Purtymun and Johansen, and several other 

publications by Purtymun and others listed ae refereno9s in 

EXHIBIT S~OKER-2, 

Q. PLEASE! DESCRIBE THE: OCCURRENCE OF GROUND~IATER, 

A. There are three basic types of groundwater found in :he 

Los Alamos environs: 

ll alluvial perched groundwater in the canyon bottoms; 

2l perched ground\'later in the recent volcanica (on the 

flanks of Jerne: t4ountains) and in the Puye Conglomer-!1!: e 

and Basalts (beneath portions of Pueblo, Los Alamos, 

and SandiB Canyons), and 

3) the regional t•tain Aquifer, partly in the Puye 

Conglomerate and mainly in Santa Fe group sediments. 

I will discuss these in order. 

Q, PLEASE: DESC?.ISE THE: ALLUVIAL PEP.CHED GROUNO~IATE?. 
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A. The bot~oms of canyons of the Pajarito Plateau have 

deposits of alluvium that ranges in thickness to am much 's 

100 ft. The alluvium is generally composed of sedimantar'l 
4 de~osits of widely ranging particle si=es, from clays to 
5 sands, gravels, and cobbles. Additional canyon-opecific 

6 descriptions of the alluvial deposito is given in Chapter 2 
7 of the Installation Workpl~n cited earlier and listed in 
a SXHIBIT STOKSR-2. Various reaches of the alluvium in some 
9 of the canyons contain perched groundwater, 

10 

11 Q. PLEAS!!: DESCRIBE: THC: ~IOVE:l~ENT Otl' ~lATER IN THC: ALt,UVIUN, 

12 

13 The alluvium is quite permeable, Surface flow in 

14 canyons infiltrates the alluvium until downward movement is 
15 impeded by the less pernteable layers bet\lteen the alluvia 1 

16 sediments and the tuff, This results in a buildup of a 
17 shallo•.Y alluvial groundwater body, Depletion by 

18 evapotranspiration and movement downstre!l.m in the al.~ ~·1ium 

19 or into the underlying reeks limite the hori~ontal and 

20 vertical extent of the alluvial water. Flow oe the alluvial 

~l perched groundwaters is in a easterly, down~canyon 

~2 direction. 

23 

24 Q. DOES THE PE:P.CHE:D OP.OUNO 'tiATl!lP. IN THE ALLWIUN S!•:TE:I·Ii) 70 

2 5 THE F.IO GRANDE IN N-rt OF THE C~r/ONS ? 
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A. No, None of the alluvial perched groundwater bodies are 

continuous from the pl~teau down to the ~io Grande. All of 

the c~nyon3 cross and cut through the basalts, where the 

alluvium thins and disappears, The lo•#er reaches of some of 

t:.he canyons also ha•:e alluvial deposits but they are not: 

connected to the allu1tium in t:he upstream reaches, 

Q, NOU~D 'lOU PLEASE: DISCUSS THE PERCHED OROtJNDWATE:R AT 

INTERMEDIATE: DEPTHS ? 

A. Perched ground water bodies occur in the conglomerates 

and basalts at intermediate depths beneath the alluvium ir. 

the middle and lower reaches of Pueblo and Los Alamos 

Canyons and in the reach of Sandia Canyon near the eastern 

Laboratory bounda~J. Depth t:o this perched ground water 

ranges from about 90 ft in the middle reach of Pueblo Canyon 

to about 450 ft in Sandia Canyon. The body in lower l?ueb: 

canyon near the confluence with Los Alamos Canyon ':1as been 

studied in some detdil, The potential for migration of 

pe~ehed water to the main aquifer is small based on cherni:~l 

quality comparisons, Patterns of chetnic::~l qualit~, and •.·.·~o:.~r 

level measurements indicate that the lower perched 

groundw~ter in ?ueblo canyon is hydrologically connected ~o 

the scream in PUeblo Canyon , Water from this perched 

groundwater discharges at the base of the basalt at Eass:~ 

Spr~ng, '1/hic:h is off t:~e Lab~rator'J site in lo·~1er Los ;..~~.:··:J 
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Canyon on the San Ilde fonao l?ueblo. The rata of mo•J.;Jrnent of 

the perched groundwater in this vicinity h~s been estimated 

at about 60 ft/d~y or about 6 months from racharQe to 

discharge (see ~rahams 196GI and Purtymun 19811 cited it'l 

s:<HIBIT STOKER-2) , I n~~'3 here that Basalt Spring is t:.he 

only kno'IIT\ discharge of the intermediate depth perched 

groundwater. Basalt Spring is not included in the group oe 
springs in or near ~~ita Rock Canyon that are fed from the 

deeD1 regional main aquifer. 

Soma perched water occurs in volcanics on the flanks of the 

Jemez ~lountains offsit~ to the west of the Laboratory, Thia 

water discharges in several springs (for example American 

and Armistead Springs) and supplies the gallery in ~later 

Canyon. 

Q, PLEASE DESCRIBE THE MAIN AQUIFER 

A. The main aqUifer of the Loa Al~os area is the only 

aquifer capable of water supply, Water for the Laborat:oty, 

the communities of Los Alamos and White Rock, and Bandelier 

National Monument is supplied by deep wells in the main 

aquifer. The wells are located on the Pajarito Plateau and 

in Los Alamos and Guaje Canyons. Additional detail on ~h~ 

development of the '"later supply and the hydrolo~ic 

characteristics of the main aquifer are contained :.n a.;,•.•.;::.·!l~ 

- 30 -



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

' ·'• 13 

14 

15 

16 

17 

18 

19 

20 

21 
..,., .... 
::!'3 

::!4 

:25 

"' .. .. ~ 

DIRECT TI::STIIolo~r/ ell' ALAN K, STOKER 
IN RE1 CONOt'l'IOtiAL. CERTIFICATION OF NPO!l:S Pll:RHt'l' NO, Nloi002BJSS 

references cited in mXHIBIT STOKER-~, including the 

following titles: ~Hydrologic Characteristics of the Hain 

Aquifer in che Los Alamos Area: DeveloDment of Ground Water 

SUJiplies, w and "Water Supply at Los Alamost Current Status 

of Wells and Future Water SUJiply, " 

The surface of the main aquifer slopes eoatwc:trd, 'rhe depths 

to water below the mesa tope range from about 1,200 Et along 

the •.vest:ern margin of the plateau to about 600 ft at the 

eastern margin, The main aquifer is separated from the 

alluvial perched ground•11ater ond intermediate depth perched 

water in the by 350 to 620 ft of tuff. and volcanic 

sediments. 

Q, PLEASE DESCRIBE: THE RE:CHJ\ROI!: AND 110\/EHENT Ot: WATJ::R IN 

THE t~IN AQUIFER I 

A. Hydrologic data, mainly the ells t·~Jard elope of the •.vat: at: 

level in t:he main aquifer and knowledQe of hydrologic: 

properties, indicat~ that the major recharge area for the 

main aquifer under the l?ajarito l?lateau is •;Jest of tho 

Laborat:.Ot"'/· The 11/ater in the aquifer moves qenerally 

eascward toward the Rio Orande, where a port is discharged 

into the river through numerous springs l!lnd seeps. This ~a 

described in more clet3~l in t:he documents titled 

''tJeohydrology of •,•/hit:e P.ock C.:ln/'~n of t:.he tHe Orande 
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Oto•.vi to F:-ijoles Canyon" and "OeohydrolOg"~/ of Bandelier 

National t•lonument, Ne·~·l He:dco, " 'r'lhich are cited in n::~HIBIT 

ST01\EP ... 2 I 

I believe this gives sufficient background to clearly 

address your question about the geologic origin of springe 

in the lo•;Jtar reaches of the canyons and in White Rock 

canyon. 

Q I !?LEASE E!<!?LAIN THE GEOLOGIC ORIGIN OF THE SPRINGS I 

A. The springs and seepa originate from the same geolo~ic 

formations, the Puye conglomerate and the Santa Fe Group 

sediments, that produce water into teat wells and supply 

•.-Jells that tap the main aquifer I The obvious springs •~Jith 

clear surface expression have been identified and grouped 

according to the formation of their origin: Group I comes 

out of the Tot.avi Lentil (of the Puye Conglomerate), Group 

II comes out of the coarae .. grained Tesuque Formation (of t:.he 

Santa ~e Group sedimen~Jl, Group III comes out of the fin~· 

grained Tesuque Formation (of the Santa Fe Group sedimen~~~, 

and Group IV originl!ltes in fine .. grained Teeuq\le formal!i::-. 

near basalt intrusions or eaulta. This is described in ~=:~ 

detail in the document: titled "Oeohydroloc;rJ of \Aihite F. •· ••• 

Canyon of the Rio orande from Otowi to Frijoles Canyon" 

which is cited in EXHIBIT STOKER·3, 
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Q. PLEASE ELABORATE ON THE !?OINT THAT THE CAi'r/ON ALLUVIUlol 

IS Norr CON'rtNtJOUS ? 

A, The alluvial m~teri~ls present in the bottoms of 

6 canyons on the l?ajarito Plateau are not direetly connected 

7 '..Jit:.h the allu•Jiurn at lo• .. ter alavationa closer to the Rio 

8 orande and ~/hi te Rock canyon, Every one of the canyons 

9 tributa~J to the Rio Granda that crosses the Laborato~J 

10 passe~ across and cuts through the basalts as they lea•Jr:.~ the 

11 Pajarito Plateau, ~fuere they cut through the basalts :he 

12 alluvium thins out and diaappears for soma dietinctl~· 

13 observable reach. These locations are readily seen, for 

14 example, in Los Alamos Canyon near ita confluence with 

15 Pueblo Canyon, in Caftad~ del suey and Pajarito canyon wh~re 

16 they cross State Road 4 at the Laborato~; bounda~; with 

17 White Rock, and in ~·later ond Ancho Canyons where they cress 

18 State Road 4 in the soul:heast:ern portion of the ~aboratOt"'/, 

19 Once the canyons reach a lower elevation, another reach of 

~o alluvium is generally found, but it is not continuous ·~li':h 

~1 the alluvium in the upper reaches, 

22 

2J 

24 

Water would have to either 1) flow on the surf~ce of the 

basalt: reaches, or 2 l Collo'fl some other subsurfac::e J;>ath',•.'3j', 

perhaps through fr~ctures in the basalt to reach the l~· .. ,. ... ·· 
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observed to occur f:-:~quent:ly or for very long. The second 
case, subsurface movement through che basalt, is observed 

only in the connection between the alluvial perched 

groundwater in the lower portion of Pueblo Canyon and Basalt 

Spring in Los Alamos Canyon. I discussed this situation 

previously in conjunction with the intermediate depth 

perched groundwater. 

Q, WOULD 'lOU PLEASE EXPLAIN WliAT THE CHeMICAL QUALITY OF 

THE SPRINO WATER SHO~/S ? 

A. The chemical quality of the springs in the lower 
reaches of Sandia, Pajarito, Water, Ancho, and Chaquehui 

Canyons is very similar to the lval:er extracted from the main 

aquifer through the deep wells. Conversely, the chemical 

quality of the water in the springs is quite different than 

the water that occurs in the stream channels or alluvium on 

the Pa~arito Plateau. The conclusion is that the eprin93 

are fed by 'o'Jater from the regional main aquifer and not by 

surface or alluvial p~rched groundwater from the canyons. 

Several figures, provided as EXHIBIT STOKER-7, illustrat~ 

this point. 'rhe figures are simple gr~phic representat~~~s 

of the r:::oncentrations of several ma~or chemicals pr~sent ~!"'. 

the water. Data w~s caken from the results of our rout~n~ 
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OIP.e:c-r ·rssn11o~r( ot:' ALAtt K, STov.s~ 
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annual environmental monitoring t see citation ir1 E::<HISIT 

STOI<E:R-3) I • 
·;r 

3 t 
4 One can simply compare the general shape of these figures to 

5 get an indication of similarity oE the chemical makeup of 

6 w~ter from the springs and the deep groundwater wells, and 

7 the contrasting different shape of tha figures illustrating 

8 the chemical makeup of surface an alluvial perched watQr in 

9 the canyons. 

10 

ll Figure A (of E::<HISIT S'l'OKE:P.-7) ahowa t:.he similarity of rna in 

12 aquifer water from supply ~ell PM-1 and Sandia Spring, 

13 contrasted vJith the different. quality of '.Yater from Sand~~ 

14 Canyon (SCS-3), Basalt Spring, and the Rio Grande, ~igure a 

15 shows the similarity of main aqUifer water from Pajarito 

16 Spring (4A) and the spring in Water Canyon (5AA), contrasted 

17 with the quality of alluvial perched groundwater in Pajarito 

18 canyon at PC0-2 and ~C0-3, and surfaoe flow in Water C~n~on 

l9 at location BETA. Figure c shows the similarity of main 

20 aquifer water from Ancho Spring and several \tfuite P.oc:k 

:21 Canyon Springs bet•~Jeen Arlcho Canyon and Chaquehui Canyon 

22 (Springs SA, 9, and 9A)I contrasted with the quite dif!erer.t 

23 quality of surface flow in Nater Canyon at location SETA. 

24 Figure D shows the similarit:y of main ac:tuifer ',1/at:er ::-em 

deep test wells DT-SA, DT-9, and DT-10, located near the 

middle of the t.abo:-atory' s southern boundar'/ and Doe sr::·:.:-.g, 
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in Chaquehui Canyon, in contrast to the surface flow in 

~later Canyon at location BETA, which is quite neur the three 

deep test wells along tha southern bound~ry. 

Q, ~tHAT 00 YOU 1•1E:AN ABOUT THE APPARENT AOE OF THE 1tli\T!l:R 

ISSUING I.:'ROt1 THE: SPRINGS ? 

A. ~le have analy:ed samr;Jles of water from the sprinqa by a 

~~tel.l.-known radiometric dating method and the results 

indicate the water is quite old. 

Q. 'I'IOULO 'LOU PLEASE: EXPLAIN HOW THIS toiE:THOO WO~KS ? 

A. Basically, we have measured the tritium content: of 

samples of the water from the springs. The low levels 

indicate the •t~at:er must be at least many decades old. The 

measurements of tritiwn ar~ 'Ttade by extremely sensitive 

analytical methods, The in~arpratation is based on the 

equilibrium of c:ontemporat"'/ precipitation 1Hi~h the sourcas 

of this radioactive element in the atmosphere. Tritium is a 

radioactive form (or isotope) of hydro~en. 1ritium is 

p~esent in the atmosphere both from natural production in 

the upper atmosphere by cosmic r~y inter~ccions and ~s a 

residual from worldwide atmospheric testing of thermonuclear 

... ,eapons. Tritium i.s present in prec:i!;'itation as part oe the 

•.•tater molecule itself since it behavea chemically j•Jat: :.:.~:o:J 
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ordina.t'"'/ stable hydrogen. As '''~t:er from precipitation 

infiltrates the ground and moves down, the radioactive 

tritium is no longer replenished and gradually decoys a•.vay, 

The proportion of t:he isotope remaining in a groundt,olater 

sample can be used with knowledge of the rate of decay, the 

radioactive half-life, to estimate how long the water has 

been isolated from the atmoaphere, or "how old its is." 

Q 1 HO~/ HAS THIS BE:EN APPLIED TO THE SPRINGS IN AND NEAA 

WHITE ROCK CNrtON ? 

A. To date, lo\t~-detection·limit tritium analyses have btl! en 

completed on samples from 12 springs in White Rock Canyon. 

The values for tritium in the water range from less than 

detectable to about 18 pCi/L. (The abbreviation "pCi/L 

stands for picoCu~ies per liter, a standard unit of 

measurement for exPressing the frequency of radioactive 

emissions (picoCuries] in a specific volume of water 

[liter].) These values are all less t:han values for t:riti•.un 

in contempora~/ precipitation (about 30 to 60 pCi/Ll and 

mu~h less than the roughly 700 DCi/L that would be prese~~ 

now in water precipitated in northern New Mexico during ~)~J 

and 19 63, •.•lhen tritium from '~lorldwide atmospheric nuc le~:; 

'"Jeapons testing •r~as at its ma!dmwn, Additional detail i.J 

contained in EXHIBIT STOKERM8. The conclusion is that 

cannot: b~ any significant component of rechar~e from wa: ,~ 
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precipitated during the last saver~l decades in the water 

issuing frorn the springs, The water io considerably older, 

This further confirms the lack of continuity of alluvium 

from plateau reaches of canyons to lower reaches. 

Q I THE ISSUE THAT NOT ENOUOH : ' KNOWN ABOUT THE 1-1'/0ROLOG'l 

0~ THE PAJARITO PLATEAU IS FREQUENTLY RAISED 8'/ THE ~~EO 

REPLY ~ILED IN THIS CASE ON OS:CE!HEE:P. 21, 1992, THE RE!PL'l 

DESCRIBES DATA AS '1 INSUBSTANTIAL AND :tNCONS:tSTENT, 11 

ESPECIALL'l ON PAOES 30 !BOTTOM PARAGRAPH) ~0 31 (~IRST 

COMPLETE: PAAAORAPHl IN RC:LATION TO THt!l SP1UNOS THAT ll'LO\'t 

INTO THE RIO GRANDE. DO YOU BELIE:VE THm OATA IS 

INSUBSTANTIAL AND INCONSISTEt-lT ? 

At No, I believe that date are substantial and 

definitive. These four independent, separate lines ot 

evidence are all complementarj and contribute a high degree 

of confidence in tha conclusion that the springs in tha 

lower reaches of Sandia1 l?aJarito, Water, Ancho, and 

Chaquehui Canyons/ as well as the otherc in White Rock 

Canyon/ are fed by deep ground~,ttater erom the regional m~i~ 

aquifer. The data indicate they are not fed, even 

indirectly, by surface flow or alluvial perched ground'~la o:. e:: 

moving from the ephemeral portions of the canyons on the 

Pajarito Plateau that receive NPOES·regulated dischar~e~. 
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Q, THE: SANE PARAGRAPHS !N THE: Nf;!E:O RE:l?Lif AIJSO SUGGEST THE 

l?OSSI8!IJ!Tl' THAT DISCHARGES INTO THE CANYONS COULO PENETRATE 

ALL THE ~'IA'l TO THE tttAUT AQUII.:'E~, AND THEN ULTIMATEL'l 

CONTAt;tiNt\TE THE RIO GP.ANOE AS DISCHARGE FRO~t THE SI?RINGS 'lOU 

HAVE JUST SHO~IN TO BE FED B'l' THE HAUl AQUIFER, DO 'lOU THUll< 

THAT IS A VALID LINE :F REASONING ? 

A. No, Several lines of evidence indicate that recharge 
~o the main aquifer through the Pajarito Plateau cannot be 

significant. Three of the most important types of 
information are: 

1 l the geology, 'o'Jith hundreds of feet: of dry volcanic 
deposits and sediments between the plateau surface and 
the top of the main aquifer, 

2 l the age of the t;later, as determined through 

radiochemical dating, and 

3) the hydraulic response of the aquifer, as indicated 

by artesi~n conditions and water level fluctuations 
induced by barometric pressure VDri~tions, indicat~nQ ~ 

significant degree of confinement of the main ~quif.er, 

The first ~:ype of information el~boroted on in sevl3rtll c~ 

the documents alread~~ cited that are listed in E:~HIS!'r 

STOKER-2, the second is described in more detail in E~H:e:~ 
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STOKER-~, and the third t:~'pe ia more recent, not:. -yet 

published c!ata. 

0. ARE: THERE: J.U.rt OF THE: CJU~rlONS THAT FLOW REGULAAL't FP.Ot~ 

~/!THIN THE: LABORATOR'l ALL 'rHE ~I'A't TO THE R:tO GRANDE OTHE:R 

THAN THE PERENNIAL SPRINO-FE:O RE:ACHES 'lOU HAVE IDENTIFIED IN 

ANCHO AND CHAQUEHUI Cl\llr/ONS ? 

A. No, there are no regularly flowing streams that are 

continuous between the active Laboratory technical areas, 

including areas where NPDES•regulated effluents are 

discharged, and t:he Rio Grande in White Rock Canyon. 

0, DOES FLOW EVER EXTEND FROM WITJiiN THE ACTIVE LAJ30RATOP.'l 

TECHNICAL AREAS TO THE: RIO GRANDE ? 

A. Yes. This occurs in response to two types of ephemeral 

flow situations 1 snowmelt and thunderstorm runoff. Sno1.'1melt 

at times has extended all he way acrose the Laborat:Or/ 

lands, reaching the Rio Grande in a continuous~ 

uninterru~ted, surface flow in three canyons. These 

conclusions are based on observations by William o. Purt:;mun 

since about 1970 and my own observations since 1974. 

In Los Alamos Canyon snowmelt runoff e.:-:tends without 

interruption from the upper reaches above the raservoi: ~~~ 
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the way to the Rio Ornnde for at leaat a few days, to a few 

weeks in wetter ye~rs. For example, this occurred five 

times durin; the 12 years from 1975 ~o 1986, inclusive. As 

described in the report titled 11 Transport: of Plut:oniwn in 

Sno•;nnelt Run·ofe•• (cited in E:!'.HIBIT STOKE:P.·2), snowmelt 

reached the Rio Grande ~ total of 205 days during the five 

runoff events, for an average of 41 days in each of those 

five years, but with a range of 11 to 7B clays, This is 

about 11 percent of the days in the five years that snowmelt 

reached the Rio Grande, or about 4,7 percent of the t:ot:al 

number of days in the 12 years. 

The only other two canyons in which snowmelt has e:<t:endecl to 

the Rio Grande are Pajarito Canyon and Water canyon, Since 

1970, ?ajarito Canyon snoYmelt has reached the Rio Orancle 

several times, but: not as frequently as in !Joe Alamos 

Canyon, However, in \!later canyon snowmelt! has reached the 

Rio Grande only once in the sarne b)eriod ac:cordittg to t.fr. 

Purti~Un 1 S recollection. 

Q I ,,.THAT ABOUT THtJNOEP.STORM RUNOFF ? 

;.., 'rhunderstorm runoff e:o:tending from •;Jithin the 

Lllbor.5t:or'lj 1 S ac:tive technical areas ~o the Rio Orande 

happens periodically in more of the canyons. It is 

•Jenerall~' observed ever:'/ ~'ear or two in ona or more oe 
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Guaje, Pueblo, t,os Alamos, Sandia, Pajarito, Nat:er, Ancho, 

and Chaquehui Canyons. The flows gener~lly last no more 

than a few hours in response to major thunderstorms in July 

and August. 

Q. DO •toU HAVE 'JlJ:.TY QUMJTITATIVE: INFORNATION ON THE STOP.M 

RtTNOFF FL0111S ? 

A. There is limited gaging data in a fev1 of the canyons 

from special studies, in Los Aldmos and Mort:andad canyons 

particularly, since the mid-l960s. Given all the competing 

demands for limited environmental monitoring resources, it 

has not been economically feasible to operate and maintain 

gaging stations in normally dry stream channels, However, 

because of changing conditions (such as the increased flow 

of effluent: from the Los Alamos County-operated STP in lo~·ter 

Pueblo Canyon) we contracted with the USGS to operate 

continuous gaging stations in Pueblo and Los Alamos Canyons 

starting in the fall of 1991. So far, no significant: runoff 

events have occurred to permit any qUantitative 

interpretation. We expect to have the USGS install 

additional q~ging stations in other major drainages to 

develop measurements over extended time periods for 

statis~ical analysis. 
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In the interim, we have turned to ~ccepted, standard 

numerical sil':\ulation techniques. The •nork is described and 

results documented in detail in the 1992 rel,jort b~, Dr. Stava 

MeL~ I entitled ~Determination o~ lOU-year Floodplain 

Elevations at Los Alamos National Ll!lborator'J, 11 and cited in 

E!'.HIB!T S'I'OKER·2 1 Numerically simulated runoff Elo\•ls were 

computed for all of the drain~ges in the Los Alamos are~ 

with the accepted HEC cornputer models developed by the Corps 

of Engineers. Extremely decailed input dota on climatology 

and topography was utili:ed to ensure the beat possible 

estimates. (This study was ccnducted primarily to define 

the lOO·year floodplains for regulator/ com~liance with th~ 

LaboratcrJ' s RCAA/HS~IA permit. It 'fl'ae submitted t:.o the 

~n·1ED, as are all compliance reqtJired documents-.) The t·~port 

docwnents the magnitude of flov1s in eac:h drainage for a 

range of ~raturn periods~~ or likelihoods of occurrence. 

Q, WOULD 'lOU PLEASE StJNHARIZE 'lOUR CHARACTERIZATION 0~ 

EACH OF THE: MAJOR C~rtONS IN THE LOS ALAl~OS A.P.EA ? 

A. I will refer you once again to the map in EXHIBIT 

STOKER-41 depicting t~e ~atersheds of the Los Alamos a~~~. 

~~thich illustrates the impo~tant conclusions of m'/ tes·:~~~:::-.j', 

Also, significant 1!\dc.litional information is summari:ed ~:-. 

che report: titled u:r.s:e1llation '1/ork Plan for Envircr ... ":'.~!"'."::.~ 
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Restoration,'' cited in e::•:HIBIT STOKER-2 I Here I will only 

point out highlights of natural surface flow 

characteristics. 

Guaje Canyon •• This is the largest single drainage, with ~ 
total area of about 2G s~uare miles. It heads in ths Sierra 
de Los Valles on u. s. ~oreat Service lands. None of OuGje 
Canyon proper is within the Laboratory boundary1 but the 

facilities of the auaje Water Supply Well rield are located 
in Guaje canyon. I~a tributary, Barrancos Canyon, drains 
part of the northeast portion of the LaboratOt"IJ. Ouaj e 

Canyon then crosses San Ildefonao Pueblo lands to the poin~ 
where it is tributarJ to Loa Alamos Canyon within about a 
mile of the confluence of Los Alamos Canyon and the Rio 
Grande, 

On a ~egional scale, Guaje is an int~rrupted stream. It haa 

o perennial reach extending from springs upstream of the 

reservoir to some distance do\lmetream from the Guaje 

reservoir, and an intermittent reach for an additional 
distance. Most of it:, however~ is ephemeral, and is cl~· 

most of the year in its lower reach before joining Los 
Alamos Canyon, Sno\'Jmel t does not. reach the !Ho OJ:ande ~:-:m 

Ouaje, 
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Thunderstorm runoff from Guaje Canyon occ~sionally reaches 

the Rio Grande through Los Alamog Canyon, The estimated 24-

hour runoff for a 2-year recurrence 6-hour event at the 

4 confluence vlith Los Alamos Canyon is about 8 acre-feet, This 

5 't'lould be eKJ;lected to flo'f/ on through a short reach of lower 

6 Los Alamos Canyon to the Rio Grande. 

7 

8 Bayo Canyon -- Bayo Canyon heads on the r;llateau on Los 

9 Alamos County lands. It has a total drainage area of about 

10 4 square miles. Bayo Canyon extends across the northeast 

11 part of the Laboratory before it crosses San Ildefonso 

12 Pueblo lands the r;lOint where it is tributary to Los Alamos 

13 Canyon. There are no NPDES Discharges made into Bayo 

14 Canyon. There are no springs Jnd no perennial reaches in 

15 Bayo Canyon. Bayo is entirely er;lhemeral. No significant 

16 snowmelt occurs in Bayo. 

17 

18 The estimated 24-hour runoff for a 2-year recurrence 6-hour 

19 sco~ is calcul~ted to be less than 1 acre-foot near the 

20 eastern Laboratory boundar/ near the confluence of Bayo 

21 Canyon with Los Alamos Canyon/ and that flow would not be 

22 e:r,pected to extend through Los Alamos Canyon to reach the 

23 Rio Grande. 

24 

25 PUeblo canyon -- Pueblo Canyon heads on the flanks of the 

26 Sierra de Los Valles. It has a ectal drainage are~ o~ a~c~~ 
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8.4 square miles, It originates on u. s, Forest Serviae 

lands, extends across Loa Alamos County lands, and then 

crosses the northeast part oe the Laboratory to the point. 

''there it is tributary to Los Alamos Canyon slightly \1/eSt: of 

the bound~rl bet1#een the Laboratory and San Ildefoneo 

Pueblo. There are no perennial aprings and no perennial 

ra~chas in Pueblo Cdnyon, Pueblo is entirely ephemeral, 

Snowmelt from the upper reaches oc:c:~ulionally extends 

downstream as ear as the townsite, but does not no~ally 

reach the Laborato~/ lands. 

Continual, effluent-supported flow occurs essentially oll 

the time in the lot;ter readh of l?ueblo Canyon because it 

receives discharge from the Los Alamos County~operatsd Bayo 

STP, This flow continues on into the lower reach of Loa 

Alamos Canyc:m, and will be discussed further in the ne:~t 

section on Los Alamos Canyon. 

The estimated 24Mhour runoff for a 2Myear recurrence 6-hour 

storm at the confluence of Pueblo Canyon with Los Alamoo 

Canyon (within the Laboratory boundar/) is about 4 acre· 

feet. Assuming continued saturation of the alluvium by 

discharge from the Los Alamos CountyMoperat:ed STP in P'Jeblo 

Canyon, this flow would probably extend through Loa Alamos 

Canyon to reach the Rio Grande confluence, 
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Los Alamos Canyon -- Los Alamos Canyon heads on the clanks 

of the Sierra de Los Valles. I~ drains a total area of 

4 about 59 square miles (including its major tributaries l , It 

5 origin~tes on u, s. Forest service lands, and extends across 

6 the north central part of the Laboratory before entering San 

7 Ildefonso Pueblo lands a short distance downstream of the 

8 confluence with Pueblo canyon. 

9 

10 On a regional scale, Los Alamos Canyon is an interrupted 

ll stream. There are several perennial springs in the upper 

12 reaches of Los Alamos Canyon ~nd ito tributary Quema:on 

13 Canyon. These upper reaches are perennial from the springs 

14 down to '""ithin a few hundred yards of the Los Alamos 

15 reservoir, 

lG 

17 Snowmelt usually add enough water to the reservoir to 

18 over flo'"' and support E low onto the La borate :-y lands moat 

19 years. Sno•i~melt extends dovmatream to the c:onfluence ',•Jith 

20 the Rio Grande in about half of the yearst for example, 

21 bet• .. teen 1975 and 1986 snowmelt reac:hed the Rio Grande d'J::':.:-.g 

22 five of the years on a to~al of 205 days, averaging abou~ ~l 

23 days a year during those five years or about 4,7 percent :~ 

2 4 the total nwnber of clays in t::he 12 -year period, 

:!5 
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The estimated 24·hour runoff for a 2•year recurrence 6-hour 

storm is 2:1 acre·feet at the confluence \vith the Rio Orande. 

4 As noted in the discussion of Pueblo Canyon, discharge fr~m 

S the Los Alamos County operated aayo STP resulta in effluent· 

6 supported flow that regularly continues on into the lower 

7 reach of Los Alamos Canyon. Tha effl.uet,t-supported flo\tJ 

8 combines •,.;ith perennio!ll flo~/ from Basalt Spring on San 

9 Ildefonso Pueblo lands just east of the Laborato~J Sounda~;. 

10 In 1992, the combined flow generally extended in Los Alamos 

ll Canyon to about the confluence with Bayo or ouaje Canyon. 

12 By early 1993, the alluvium had apparently become 

13 sufficiently saturated that the surface flow has extended t~ 

14 the Rio Grande most of the time durinq the first three 

15 months of 1993. 

16 

17 Sandia Canyon ... Sandia Canyon heads on the plateau 'r'lithin 

18 the Laboratory boundary. It has a total drainage area of 

19 about 5.7 square miles. The small drainage extends across 

20 the central part of the Laborator;. There are no perenni~l 
.,, .... springs and no perennial reaches in Sandia Canyon within ~he 

22 Laborato~J lands. Sandia is ephemeral within the Labor~t~~/ 

23 boundaries. No significant snowmelt occurs in Sandia 

:!4 Canyon. 

25 

. 48 -



.. 

1 
., ... 

3 

OIRZCT TESTIHON'/ OF ALAN K, STOKER 
Ul REI CONOI'l'!O~IAL Cll:R'l'lf'IC>,'l'IOH 01.1' ~IPOE:S PEFJ•ItT NC, ~IHOO~S3SS 

The estimated 34-hour runoff for a 2-year recurrence G·hour 

storm at the location where Sandi~ Canyon crosses State Road 

4 is less than 1 acre-foot; this is nat expected to extand 

4 to the confluence with the Rio Grande, about 4 miles further 
5 do•.mst.ream, 
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A significant effluen~·supported flow occurs in Sandia 

Canyon arising from the major discharge of treoted sanitary 

sewage effluent. This typicallY extends about 2.5 to 3 

miles downstream, 

About J miles east of the ~aborato~/ bounda~J, on San 

Ildsfonso Pueblo lands, a perennial spring, known as Sand~a 
Spring, supports a perennial flow for a few hundred yards, 

'rhis flow does not. ncn:mally reach the Rio Grande, The 

spring is fed by water erom the main aquifer, 

Horta.ndad canyon -- t4ort.andad Canyort heads on the plateau, 

It has a total drainage area of ubout. S,9 square miles, or a 

total of 10.4 square miles including canada del suey, ~h~ 

small drainage oriQinatas within the t,aboratot'4j, crosses ~!hi!! 

c:ent ral part of the t,aboratoL-y, and e:l.tends across San 

IldeEonso lands doYm to the Rio arande, Thera are no 

perennial springs and no perennial reaches in Mortand~d 

Canyon: it is entirely aphemeral, No significant snc•,•tr.-.el~ 
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The theoretically estimated 24-hour runoff for ~ 2-year 

recurrence 6-hour storm at the Laborato~J boundar/ with San 

Ildefonso is less than 1 acre-footJ this would not exDected 

to extend to the confluence with the Rio Grande. The 

conservative nature of the calculated estimates can be 

judged from the fact that there has not been any continuous 

flow from the upper and middle reaches of lotortanded Canyon 

to or across the eastern Labor~tO~/ boundary with San 

Ildefonso Pueblo for the last 33 years. 

Ca~ade del Buey joins Mortandad Canyon about 112 mile 

upstream from the confluence with the Rio Grande. canada 

del suey is entirely ephemeral in character. The Los 

Alamos County-operated White Rock STP discharges into Caftada 

del Buey about 2 miles upstream of ita confluence with 

Mortandad. This discharge results in effluent-supported 

surface flow the~ regularly extends to the Rio Grande, 

The theoretically estimated 24-hour runoff for a 2-~'ear 

recurrence 6-hour sto~ in the subdrainage of ca~ada det 

suey within the Laboratory boundar'/ at the eastern 

LaboratO~/ bounda~/ i9 less than 1 acre-foot. The 

theoretically estimated 24-hour runoff for a 2-year 

r~currence 6-hour storm in all of canada del Buey at th~ Rio 

Grande is about 6 acre-feet. 
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Pajarito Canyon -- Paj~rito Canyon heads on the fl~nko of 

the Sierr~ de Los Valles, It has a total drainage area of 

about l3.S square milee including its ma~or aubdrainn~es 

kno•;rn as T'tlo-t•tile canyon and Three-~lile Canyon, !t 

originates on U. S, ~crest Service lands and extends across 

the south-central part of the Laborato~/ before entering Los 

Alamos County lands in White Rock, 

On a regional sea!~. Pa~arito Canyon is an interrupted 

stream. This is because there are several perennial springs 

in che upper reaches of Pajarito Canyon that support flow in 

a perennial reach follo•,•Jed by an intermittent reach to 

•,tithin abo· .... a half mile west of t:.he Laboratory boundar/. 

Pajarito Canyon t:.hen has an ephemeral reach extending 

downs . :ean1 to a point about 1 mile east of the t.abortltOr".l 

bounda~J. At this point a spring. termed Homestead Sprir.~, 

supporcs another perennial reach for at least several 

hundred yards, follo•,o~ed by an intermittent and/or ephemer3l 

reach that may extend do•.•m to near its conflue~nce •,yith 

Three-Mile Canyon. Homestead Spring is probably groundwace: 

runoff of alluvial perched water recharged from wast of :he 

Laborato~J bounda~J: this inference is supported by a 

tritium measurement that indicates the ',<Jatar is not like~:/ 

more than a couple decades old, Both 'r'.•lo-l~ile and Th::ee-
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Mile Canyons are ephemeral and/or intermittent because oe 
ground'.<Jat:e:- runoff of alluvial water recharQed by sno4,'/mett I 

4 East of the confluence with Three-Mile Canyon, Pajarito 

5 Canyon is ephemeral the remainder of the distance acrose the 

6 laboratorJ, on east across Los Alamos County lands through 

7 ~Jhit:e Rock and do\'m to a [;'oint: about 0, 4 miles upstream fro1-n 

8 its confluence with the Rio Grande. At this point a la~ge 

9 perennial spring, fed from the main aquifer, identifi~d as 

10 S~;Jring 4A, and commonly called Pajarito Sp:. .. ng, supports 

11 perennial flow the remainder of the distance to the 

12 confluence with the Rio Grande, 

13 

14 In most years snowmelt e:o:tends onto the waborDtor; lat1cla fo;)r 

15 periods ranging from a few days to a few weeks and may 

16 e:~t:.end clo\•tn to or below the confluence \'lith Three .. mile 

17 Cl!lnyon. Snowmelt:. occasio"ally extends downstream as far '.13 

18 the confluence 'llith the Rio Granda. Bill l?urtymun rac.!llla a 

19 f e•.•J t irnes s inc:e about 197 0 that:. t:.hia has occurred. 

20 

21 The ~stimated 24~hour runoff for a ~~year recurrence 6-h~·Jr 

~:! storm at the Laborato~l boundar'/ \!lith 1flhite P.ock is 2 .!l::t:::-

:3 feec1 and 3t the confluence with the Rio Gr~nde, abou~ G 

2•1 acre- fe~t, 
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\'tater canyon .. .. Water Canj'on heads on the f lanka of the 

Sierra de Los Valles. It drain::; a total area oe about 19,5 

squar~ miles. It originates on U, S, Forest S~rvice lands 

4 and e:'.tends across the southern portion of the t.aborat:ory 

5 all the way to ita confluence with the Rio Grande in White 
6 Rock Canyon. 

7 

8 On a regional scale, Water Canyon is an interrupted atream. 

9 This is because there are several perennial sprincs in the 

10 upper reaches of ~tater ca.nyon, including both Armistead and 

11 American Springs, and other springs in the upper reache~ of 

12 canon del Valle, the major subdrainage to Water Canyon, that 

13 support perennial reaches followed by intermittent reaches 
14 limited to the area west of the Laboratory boundary and 

15 State Road 501. 

16 

17 In terms of the Stream Standards definitions based on 

18 nat:. ural flo•n, Water Canyon, and its major tributary ca~on 

19 del Valla, are ephemeral from the western LaboratOt"l/ 

20 boundar-1 all the •;~ay across all the active technical ar'!:1\S, 

31 <!lnd on east past State Road 4 doYm to a point belo•.Y the 
.,"') ..... cor.f luence 'Hi th its t ributar'j Potrillo Can'jon, At t~ .:. s 

23 paine there is a small perennial spring, known as Spring 

::! Ll 5AA, ~ed by the main a qui fer that supports a ver-; shor':. 
:s perennial reach. This flow does noc extend to the Rio 

:!6 Gr~nde. 
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There io Erequent11 somm regular snthropogenic flow in part 

of Water canyon extending from near the sou~hwest corner of 

the laboratory boundar'l t.o a point sli9ht:ly do-..mat:.reem of 

the confluence •.vit:.h its tributar'; Caf\on del Valle. 'rhis is 

becouse all of the flo·~J Et:om the ~~Jater Can~1on Galler'/ is 

contained and diverted through a pipeline to the 

microstrainer facility near State Road 501, When the wat~r 

from the galler; is not used for indu~triel supply, it is 

released and f lo•~Js through stortn'.Nater drainages bacl'. into 

the Water Canyon draina~e. 

Snowmelt in Water Canyon seldom extends downstream as f~~ ~s 

the Labol:atOr'/ boundar'/, but. has 011 one oc-:c:asic:~n, as 

recalled by Mr. Purt:;mun, in the early 19'10s e:t.tended all 

the way to the Rio Grande, 

1he estimated 24-hour runoEf for a 2-ye~r recurrence 6•he~r 

st:orm at the confluenc:e •.'lith t:he Rio Grande 1.s about 2 ncr'=· 

fee':, 

Th'2 t :- ~butat"'J Potrillo Canyon, and its t ributar<l Fence 

Canyon, ~re ~ntirely ephemeral in character, The simul3~~d 

runoff flows in these tributaries is not e~pec~ed to rea:h 

~he P.io Clrande, 
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Anoho canyon -- A.ncho Ce~nyon hee~ds on the plateau within 

the Luborato~/ near the middle of the southern Laboratc~; 

bounclarJ. It h~s a total dr~inage area of about 7 aqu~re 

4 miles. !t e:~t:.ends l\cross Lllborl!lt:ory :!'lnds all the way to 

5 its confluence with the Rio Crande. 

6 

7 Ancho is ephemeral within the active LaboratOr'/ technical 

8 areas and on to the east paat State Road 4 to a point about 

9 0.8 miles upstream from ita confluence with the Rio Grande, 

10 At that point a perennial spring fed by the main aquifer, 

11 and known as Ancho Sprin91 supports a perennial flo\oJ all the 

12 w~y to the confluence with the Rio Grande. No significan· 

13 snov~elt occurs in Ancho Canyon. 

14 

15 The estimated 24-hour runoff for a :a-year recurrence 6Mhour 

16 storm at the confluence with the Rio Grande is about l acre-

17 foot. 

18 

19 Chaquehui Canyon -- Chaquehui Canyon heads on the plateau 

20 in the southeastern corner of the Laborato~1 • It haa ~ 

21 drainaoe area of about l.S square miles, It e~tends acr:~3 

22 Lc!\boratot"'/ lands all the '11oy to its c:onfluenc:e with the ?.i~ 

~3 Grande. 

25 Chaquehui Canyon is epherneral all the ',oJay do·~m to a poin~ 

26 ~bout 11: mile upstream from its confluence with the Sic 
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Grande. At this point a perennial spring fed by the main 

aquifer~ and known as Doe Spring, SUDports perennial flow 

for a short di~tance Eollowed by a short inter,mittent reach. 

A.bout l/'~ mile upstream from the confluence vJith the Rio 

Grande, flow from per~nnial Springe 9 and 9A support 

perennial flow that extends to the Rio Grande. No 

significant snoYmelt occura in Chaquehui Canyon. 

The estimated 24·hour runoff for a 2·year recurrence G·hour 

storm at the Rio Grande ia less than l acra-foott this is 

not expected to e~tend to the confluence with the Rio 

Grande. 
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IN P.E, ccNotTIONAL CEP.'riFICA'rtoN o~· NPDn:s I?EllHIT No, ~n·IOO:!B 3 ss 

Detailed P.eswne oe Los Alamos E:c:perience 
for 

Alan K. Stoker 

February 1989 - Present:.; Staff t•1ember, Hydrolc<;r/ Team, 
Environmental Protection Group, Responsible for hydrt:' ~.~gic 
aspects of routine environmental monitoring program f 
LANt., including •11ater soils, sediment monitoring, mom. :.oring 
of perched alluvial aquifers and environmental and resource 
monitoring for main aquifer in Los Alamos Area. Also 
Project leader for special studies of extent of saturation 
and contaminant transport in Mortandad Canyon. 

September 1988 to ~ebruarj 19891 Project Leader for 
Environmental Restoration Programt Environmental 
Surveillance Group and Division Office, Assigned to serve 
coordination and interface role between LANL and the DOE 
Environmental Restoration Program technical support office 
to implement remedial investigation of potential 
~nvironrnental contamination problems from past activities ar. 
Los Alamos. 

February 1987 to September 19881 Staff t~embert Envirorunent.nl 
surveillance Group. My principal assignments included 'llater 
supply system review and evaluation, and preparation of a 
major environmental status report on a previously­
classified, major experimental/waste dispoeal area at Los 
Alamos in anticipation of starting remedial investig~tion. 

June 1966 to ~ebrua~/ 19871 Associate Group Leader for 
!:!nvironrnental Assessments, Environmental Surveillance Orct.!p. 
In addition to administrative functions related to budgat, 
accounting, and personnel management for Group Office, I 
provided technical management as ProJeCt Leader for entire 
Comprehensive Environmental Aaaessrnent and Response Prog:am 
(CEAF.Pl and oversight of the Los Alamos National Laborator/ 
NEPA compliance activities. 

Janua~/ 1980 to June 19861 Deputy Group Leader, 
Environmental Surveillance Group. I shared management 
responsibility for group of 14-25 professional and 20-30 
technical personnel including budget, accounting, person~~~ 
management:, personnel evaluation, and programmatic oversi';Jht: 
and direction of environmental monitoring programs, ape':i.!\~ 
studies, and ap.plied technical support programs for DOE. 
Principal technical achievements including the following: 

--Development of the Comprehensive Environmental 
Assessment and Res~onse Program (CEAP.P) • , 
.. - ?roj ec'! Leader for Pant: a:.: Environmental Impact 
Stat.emenc. I had a • .lll management responsibility ec:: 
prepar~t:ion of th .. Environmental Impact Statemen: · :.::.:·· 
for the DOE Pante!•! Plant near Amarillo, Te:t.ae 
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• -t·lan.!\gement direct ion for Contaminated canyon Study, I 
oversaw preparation of the re~ort of a m~jor atudy 
under the DOE ~ormerly Utili:ed Sites Remedial A~tion 
Program ( F'USRAP) on radioac:t i·1e contamination in the 
interconnected Acid, Pueblo, and Loa Alamos canyon 
system leading to the Rio Oranda in the Los Alamos 
area, This included review oe pro~eet desi9n, 
management oe field studies, review of relevant records 
and environmental data, and •;~riting/compilinq fin..:~l 250 
pat;Je report. 
-·Direction of Routine t::nvironmentol Surveillance 
Program for Los Al.!!.mos. This was a continuation of the 
previous assignment of supervising the conduct at1d 
evolution of the routine environmental monitorin9 
program at Los Alamos. I increased effort~ to include 
nonradioactive contaminants in program. 

AUgust 1978 to December 19801 Alternate Group Leader, 
E:n1ti ronrnent:al Surveillance Or:oup. Thia position was ~ 
shared management respol&sihility for the work of 12 .. 14 
professional and 18·20 te~hni~al personnel. My princi~~l 
responsibilities were direction of environmental monitoring 
programs in~luding the compilation~ writing and editing of 
the annual monitoring report for Los Alamos. I had 
management oversight for revision and updating of the Los 

~. ·' Alamos Dr.!lft: E:IS into a lrinal E!IS and for the trUSRAP st:udiea 
on Bayo and A~id, Pueblo, and Los Alamos canyons. 

t-!arch 19'76 t:.o \ugust 1978, Section Leader, Environmental 
surveillance Gi.'OUp. I managed the routine environmental 
surveillance program including principal writing and raport 
compilation responsibility for 19'77 and 1978 surveill~nce 
reports. I made major technical contributions to preparation 
of the Draft EIS for Los Alamos, published in July 1978. I 
participated as eo-principal investigator in the resurvey 
and extensive remedial actions at Technical Area 1, the 
original Los Al&nos site, This included field work, data 
inter~retation, and report preparation. 

June 1974 to March 1976, Staff Member, E:nvironment:.al 
surveillance Group. I prepared the Omnibus Envirorunent.!!l 
Assessment for Los Alamos, performed environmental impac: 
field studies at the Los Alamos Hot Dry Rock Geothe1.·mal 
project at Fenton Hill, and participated in the routine L03 
Alamos environmental monitoring program. 
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Lisr. of Documents Cited as P.eferences by Al"n K, Stoker 

Environmental Restor~tion l?rogram Office, 11 Annot:ated 
Bibliogra~hy of Geologic, Hydrogeologic, and Environmental 
scuJies Relevant to Solid Waste Management Units at Los 
Alamos National Laboratory,'' Los Alamos N~tional Laboratory 
unclassified release, LA·UR-90·3216, 1990. 

tli. Gar'./, R. t~cAfee Jr .• and c. t.. Wolf, eds., oloss•!lt'l oE 
<1F~ology, American Geological :r:nst iture, ~Jashingt:on, D, c. , 
1972. 

J, H. Abrahams Jr. and w. c. l?urtymun, 11 The Hydrology and 
Chemical ~nd Radiochemical Quality of Surface and 
Groundv/at:er at: Loa Alamos, New Mexico, U. S, Geological 
survey Adrninistrative Release, January 1966. 

w. o. Purtyrnun and s. Johansen~ *General Geology oE the 
Pajarito Plateau," in 25th Fi~ld Cooeer~oce Gu~debook, New 
Mexico Geological Society, Ghost Ranch {Central-Northern N, 
H.) 1974. 

w. D. Purtymun, R. J. Peters, and J. ~1. owens, 11 Cleohydrolog-; 
of White Rock Canyon of the Rio Grande from Otowi to 
Fri:loles Canyon," Los Alamos National Laboratory Report LA· 
8635-t~S, December 19 80. 

w. o. Purtymun, "Hydrologic Char~ct:eriatics of the Main 
Aquifer in the Los Alamos Area: Development of Ground ltlater 
Supplies," Los Alamos National Laboratory Ret,')ort LA-9957-
MS, January 1984. 

'II. D. Purtymun and A. 1<. Stoker, "Water Supply at los 
Alamos: Current Status of Wells and Future W~ter Supply," 
Los Alamos National Labor~tory Report: LA·ll3.32·MS, August 
1988, 

~·I. c. Purtymun and H, Adams, ''Cleohydrology of Bandelier 
National Monument, Ne•,., t<ie:<ico, 11 Los Al~mos National 
Laborat:Ot"'J Re!;)ort LA-846l-t•1S, July 1980. 

'tl. D. Purt:rmun, R. J, !?eters, and M. 11aes, "Transport of 
Plutonium in Sno• .. lt'!\elt Run-off, w Los Alamos National 
Laborat.or; Ret;)ort L~.-lli9S·t1S, July 1990. 

',•/, c. Purtymun, "Geohydrology of Acid-Pueblo and CP-Los 
Alamos C~nyons, 1945- 1975, 11 Ap~endix A of "Radiological 
Survey of the Site of A Former Radioactive Liquid Waste 
Treathment: Plant I TA-4 S) .!lnd the Effluent P.ecei•1inQ ;...rg.la ·.: 
Acid, Pueblo, and Los Alamos C~nyons, Los Alamos, New 
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l4e:<ico, 11 L~s Alamos National Laboratory !\aport t .. A .. 8890 .. E~N 
!simult~neously issued ~s U, S~ Department of Ener~J, 
Formerly Utili:ed MED/AEC Sites Remedial Action ~rogram 
report OOE/EV-0005/JO), May 1981~ 

Environmental Restoration Off ice, 11 Installation 
Description,~ Cha~ter 2, of ~Installation Work Plan for 
Environmental Restoration", Revision :1, Los Alatnoe National 
Laboratory report LA·UR .. 92 .. 3795, ~lovember 19921 

War Department, u. S1 Engineer Office, Albuquerque District, 
wReport on Water SUpDlY Los Alamos Project, Los Ala;nos, Naw 
!1e!<ico," Albuquerque, Ne•;/ 11e:dco, 9 October 194'3. 

Black & Veatch Consulting Engineers, 11 Report on Water 
Supply, Power System, Sewage Dia~osal, Gas SupplY/ Los 
alamos Project:, Los Alamos, New 14e:dco, u Bleck and Veatch 
Consulting Engineers, Kansas City, Missouri, April 17, 1946. 

Block & Veatch Consulting mngineers, "Report on Additional 
Water Supply Sources, Slack and Veatch Coneultin~ mngineers, 
Kansas Cit~'' t~issouri, September 28, 1948, 

Black & Veatch Consulting e:ngineers, "Report on l!:<ist ing 
Utility Systl3mBI Los Alamos NeW t4e!dCOI VolLUne I Part I .. 
Water Utility," alack and Veatch Consulting mngineers, 
Kansas City, Missouri, July 28, 1951~ 

Environmental Protection Oroup, "mnvironmental Surveillance 
at Los Alamos durin~ 1990," Los Aleunos National Laborat!Ol.i' 
Report LA·1227l·MS, March 1992, 

s I a I ~tcLin, 11 0etaminotion of lOOwyear ll'looclplain 
E:l !ltions at: Los Alamt:~s Ne!itional Laboratory, 11 Los Alamos 
Nat:..onal Laboratory report LA-12195 .. t1S, August 19921 
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Compilation o~ Definitions 

.... Definit:ions of t:tpes oE streamD taken ft·om NN ~latl3l." 
QualitY Stand~rds (boldface) and supplemented with AG! 
Glossary of Oeology (lightface~ and also in br.acketS~ '..Jhen 
combined 'tlith t!l ~n1WQS definition) as follot;tS t 

J. 11 E:pheme:ra1 St:rea.m11 means a stream or reaeh of a 
s~ream that flows briefly only in diredt ~ebponse to 
predip:l.tation or snowmelt in the immediate loda1itYt 
its ehannel bed is alwa~'B above the water table of the 
region ad~oining the stream. ["J.Iha term 11 may be 
arbitrarily restricted" to a stream that does "not flow 
continuously during periods of as much as one month" 
(toiein::er, 1923, p, 58), ce. intermittent st:.ream.J 

N. 11 P'low1
11 relative to the four def:Lnit:l.ons of strea.ms 

herein, meana natural flow ensuing from the earth's 
hydrologic eye1e, i.e,, atmospherie precipitation 
resulting in surfade and, or, ground•water runoff, 
Natural in-stream flow mAY be interrupted or eliminated 
by dams and diversions. 

P. "Intermittent stream11 means a atream or reaeh of a 
stream that flows only at dertain times of the year1 
such as when it :reeeives [wacer] flow from springs [or 
from some surface source,], melting snow, or locali:ed 
preeipitation. Syn: temporary stream, seasonal stream. 
t (b) A stream that does not flow continuously, as when 
water losses from evaporation or seepage excead that 
available streamflow .... cf ephemeral stream. Syn. 
temporary stream; seasonal stre~n] 

o. "Interrupted stree.m 11 means a stream tha.t contains 
perennial readbes with intervening intermittent or 
ephemeral reaobes. Ant: eontinuouo stream, [~ or a 
stream that contains inte~ittent reaches with 
intervening ephemeral reaches.) 

cc. 11 Perennia1 Stream" means a stream or reach of a 
stream that flows continuously throughout the year in 
all years: ita upper surface, generally, is lower than 
the water table of the region ad~oining the stream. 
Syn: permanent stream, live stream. 

--oe:initions of Other Hydrogeologic Terms 
Reference: GlossarJ of GeolO~J, Ed. Margaret Garj, Reber: 
McAfee Jr, and Caron L. Nolf. American Geological 
Ins:itute. Wash. D.C. 1972 
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••confluencau (a) A place of meeting of two or more 
sereams; the point •.•Jhere the tributary joins the ml!tin 
seream; .. , '' 

"continuous streamtl A stream that does not have 
int~rruptions in ~paca1 it may be perennial, 
intermittent, or eDhemeral, but 1t does not have w~t 
~nd dry reaches. 

"clownstream 11 means to.,.Jard, c!lt, or from a point near the 
mouth of a stream; in a direction toward which a sr.ream 
(or glacier) is elowing, 

"effluent (ad~.)" (b) A liquid discharged as a waste, 
such as contaminated ·~tater from r:1 factory or the 
outflow from a sewage works; water discharged from a 
storm se•.Yer or from land after irrigation. 

"Ground-wa~er runoff•• The runoff that: has entered the 
ground, become ~round water, and been dischar9ecl into a 
stream channel. 

"runoff" That:. part of precipitation appearin9 in 
surface st:r~ams. It is more restrictive than 
streamflow as it does not include stream Qhannels 
affected by artificial diversions, storage, or other 
works of man. 

~direct runoffw The runoff reachin~ stream channels 
immediately after rainfall or snowmelting. 

"streamflow" A type oE channel flow, applied to that 
part of surface runoff traveling in a stream whether or 
not it is affected by diversion or re9ulation, 
11 Stream channel" The hollow bed 'ilhere a natural stream 
of water runs or may runt the long, narrow, sloping, 
tr;-ough·like depression shaped by the concentrated flow 
of a stream and do'lered continuously or periodically by 
'Hater, 

"surface runoff" The runoff that travels over the sc~: 
surface to the nearest surface stream, runoff that hda 
not passed beneath the surface ainca precipitation, 

"snowmelt" the water resulting Erom the melting of 
sno'"'' 

''alluvial" Pertaining to or composed of alluvium (,,. 
clay, silt , sand, gr~vel, or similar unconsolidated 
detrital material deposited during comparatively t:ec~r.t. 
geologic time bj' a stre~rn or ot:.her body of runnir,g 
water as a sortacl or semisortad oediment in the bed :~ 
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the stream , . , l , or deposited by a stream or running 
•.•later , .. 

"aquifer" A body of rock ~hat contains sufficient 
satura~ed ~ermeable material to conduct water to yield 
economically significant quantities of water to wells 
and springs. 

"ground water" That ~art of the subsurface water that 
is the zone of saturation, including underground 
streams. 

"ground-water runoff" The runoff that:. has entered the 
ground, become ground water, and bee~ discharged into a 
stream channel. 

"~erched ground water" Unconfined ground water 
separated from an underlying main body of groundwater 
by an unsaturated ~one, 

"subsurface water" Water in ~he lithosphere in solid, 
liquid, or gaseous form. It includes all water beneath 
the land surface and beneath bodies of surface water. 

"unsaturated zone, vadose zone, zone of aeration" A 
subsurface zone containing water under lese than that 
of the a~mosphere, including water held by capillaritY/ 
and containing gasses generally under atmospheric 
~res sure 

"outfallM . , . (b) the vent or end of a drain, ~ipe, 
sewer, ditch, or other conduit that carries waste 
wa~er, sewage, storm runoff, or other effluent into a 
stream, , , . 
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Figure of Los Alamos Geologic Setting 
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~igure of Los Alamos Geologic Crose Seccion 
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Cations meq/1 Anions 
I I I I I I I I I I I 
5 4 3 2 1 0 1 2 3 4 5 

No+ K Cl 
C1 HC03+C03 
Mg S04 

SCS·3 

Na + K 

Cl 

Mg 

Nn+ K 

Ot 

Mg 

Nn ... K 

OJ 

Mg 

Na + K 

Ot 

Mg 

Cl 

HC03+C03 

S04 

PM•1 

Cl 

HC03+C03 

S04 

BASAL. T•SPR 

Cl 

HC03+C03 

S04 

SANOIA•SPR 

Cl 

HC03+C03 

S04 

RIO.GAANCE 

Chemical Quality Comaprlsons Figure A 

·Main aquifer water from supply well PM·1 and Sandia Spring 

·Surface water from Sandia Canyon (SCS·3) and the Rio Grande 

·Intermediate perched water from Basalt Spring 
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Cations mat~/1 

I l I I I I I I I I 
5 4 3 2 1 0 1 2 3 4 

Nn • K 

Ch 

MCJ 

PCO•:il 

No+ K 

Ch 

Mg 

F'C:0•3 

Nn + K 

Ch 

Mg 

WATt:I=I•BirrA 

Nn + K 

Ch 

Mg 

SI'R•4A 

Na + K 

Ch 

Mo 

SI'R•SAA 

Chemical Quality Comaprisons Figure 8 

·Main aquifer water from F'ajarlto Spring (4A) 

and Spring SAA (Water Canyon) 

Anions 

I 
5 

Cl 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

01 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

·Alluvial perched groundwater In F'ajarlto Canyon at PC0·2 and PC0-3 

·Surface flow In Water Canyon at location BETA. 
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Cations meq/1 

I I I I I I I I I I 
5 4 3 2 1 0 1 2 3 4 

Nn + K 

C1 

M~ 

NtHK 

C1 

Mg 

SI'R•QA 

Nn • K 

C1 

Mg 

WATl!MlttTA 

Chemical Quality Comaprlsons Figure C 

Anions 

I 
5 

Cl 

HCO:J-+o C03 

S04 

Cl 

HCO:J~C03 

S04 

Cl 

HC03 • C03 

S04 

Cl 

HCO::J+C03 

S04 

Cl 

HCO::J • COO 

S04 

·Main aquller water from Ancho Spring and Springs SA, 9, and 9A 

(In White Rock Canyon between Ancho Canyon and Chaquehul Canyoli 

·Surface flow In Water Canyon at location BETA 
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Cations 

I 
5 

Nn + K 

C! 

Mg 

No·~ K 

01 

MQ 

No+ K 

Cl 

,·t~g 

Nn + K 

Cl 

Mg 

I I 
4 3 

---- --

meq/1 

I I I I I I 
2 0 1 2 3 4 

OCE·SP~ 

WATEM!ETA 

Chemical Quality Comaprisons Figure D 

Anions 

I 
5 

Cl 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

Cl 

HC03+C03 

S04 

·Maln at~ulfer water I rom deep test wells DT·SA, DT·9, and DT·10, 
and Doe spring, In Chaquehul Canyo11 

·Surface flow In Water Canyon at location BETA 
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geologically old carbon with no remaining carbon-14) the 
greater the estimated age will appear. The amount of dead 
c~rbon has been estimated by correlating values of carbon-14 
~lith the st~ble isotope carbon-13 in each sample and 
calculating from a linear mixing model, The dating e:<pert 
tells us that the true age is probably somewhere between the 
t•No estimates, probably r:loser to t:.he minimwn estimated age 
(Spangler 1992). 

aAdaptation of text prepared in anticipation of publication 
of Environmental Surveillance Reports for calendar year 
1991. Prepared by Alan K. Stoker, EM-8, March 25, 1993. 
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Desc:ipt:ion of ~later Dating Methods and Data Summarya 

by 

Alan 1<. Stoker 

The Hydrology Team of Et~-8 is undet·taking an effort to 
better understand the nature of recharge to the main aquifer 
in the Los Alamos area. As part of the environmental 
monitoring program and the groundwater protection management 
progr~n, a series of special measurements was initiated in 
1991 on selected •;~ater samples. This cooperative effort, 
involving researchers in the ~aboratorJ'B Earth and 
Environmental Sciences and Isotope and Nuclear Chemistry 
Divisions and staff from another DOE installation, is 
attempting to apply a range of geochemical techniques based 
on measurements of both radioactive and stable isotopes to 
help identify specific sources and estimate the age of water 
in the main aquifer. To date, low-detection limit tritium 
analyses have been completed on samples from 12 springs in 
White Rock canyon and 5 samples from walls into the main 
aquifer {Goff 1991), and preliminary carbon-14 dating 
analyses h~ve been made on samples from the same 5 wells 
into che main aquifer (Spangler 1992). These data are 
summarized in the following Table, 

The values for tritium in the water range from leas than 
detect~ble to about 7 pCi/~, with one value about 18 pCi/L. 
The highest value, for Doe Spring in Chaquehui Canyon, is a 
sample that must be collected in a pool in the stream 
·-=hannel after it: has flowed over a rock face for some 
distance and thus is subject to mixing with some 
contemporary precipitation or contamination in the 
sediments. The values are all lees than values for tritium 
in contemporar1 precipitation (about 30 to 60 pCi/L) and 
much less than the roughly 700 pCi/~ that would be present 
now in water precipitated in northern New Mexico during the 
1962-1963 period when tritium from atmospheric nuclear 
weapons testing was at its maximum. The conclusion is that 
there cannot be any significant component of recharge from 
water precipitated during the last several decades in the 
•;~ater from the main aquifer. The inference is that the 
water is considerably older. 

Preliminarj interpretation of carbon-14 data for samples 
from the same five deep wells indicates that the water 
ranges in age from about 1,000 years to more than 
30,000 years (Spangler 1992). Tha results are tabulated at 
the bottom of the attached table, The results are presented 
as a range of values calculated by two different assumptions 
~bout the dissolution of carbonates from the rock matrix of 
the aquiEer. The more dissolution of "dead" carbon lt.hat :..3 
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OI~CT TtSTIMO~/ or ALAN K, STOK~R 
nl R~t CONlJl'riOHAL C:E:I\TU'ICM'tO~I Oil' ~IPO~S l'l!li1J·It'1' ~10, NI~002B3SS 

Low-Level ~ritium Measurements in Groundwater Samp1es 4 

Sample Lodation oate of Sa.tllple 

Ss;JJdiJgS in Plbi t:e ~tack CcUI,YOIJ 

Spring 2 Oct, 91 4.21+/•(0,3Gl 
Spring 3 Oct. 911.SS+/•(0.39) 

Sept, 90 3.40+/~(0,29) 
Spring 3B 

Spring 4A 
Spring 6 
Sl,:lring 6A 

Spring 7 

Spring 8 

Spring BB 
Spring 9A 
F\ncho Spring 

oct. 910,13+/·(0,29) 
SeDt• 900.91+/•(0,29) 
Oct, 912,40+/w(O,J9) 
oct. 911.78~/·(0.32) 
oct. 910,03+/•(0,29l 
Sept. 900,06+/•(0.29) 
oct, 912,10+/·(0,29) 
Sept. 901.4S+/•(0.29l 
oct. 917.09+/·(0.55) 
Se~t. 905.83+/M(0,29) 
Sept, 904,6S+/•(0,29) 
Odt. 911.78+/•(0,29) 
oct. 914.21+/•(0,36) 
Sept. 903,40+/•(0,29) 

Doe Spring Sept. 9017.71+/•(0.59) 

Wells ZIJ HaiiJ Aquifer 
Well ~A-lB Oct. 910,26+/•(0,29) 
Well G•S Oct. 910,06+/•(0,29) 
Well ~M-1 oct. 911,65+/·(0.32) 
Well PM•S Oct. 910.29+/·(0.29) 
Test Well DT-SA Oct, 91•0.~3+/•(0,29) 

~ countin~ uncertaintiea are in paranthosio. 

Aqe of Main AqUifer watar based on Carbon-14 nating 

Sample Location Date of Sample Xnferred Age Rangeb 

Wells rn ~~n AQUiter 
We.l.l LA-la 
Well G•S 
'//ell PM·l 
Well PM·S 
Test Well OT·SA 

Oct, 91 
Oct. 91 
Oct. 91 
Oct:, 91 
oct:. 91 

Ha.:t.:J.mum 
>39,000 
10,900 
14,000 

5,140 
4,560 

H.:l..a:l.mu.m 
>2"1,000 

6,110 
5,620 
1,040 
1,810 

b AQa range ir.~errad by calculations fo~ maximum a;a aasumino no 
carbonate disnolut!on, and for minimum aqo asaumin; linear dioaolution 
of carbonates along flow ~ath baaed on correlation of carbon•l4 and 
c~rbon·lJ values. 
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COUNT!{ OF Loa All1mos ------------------
I have prepared the foreqoinq Direct Testimony of Alan 

Stoker, and it is true to the best of my knowled9e 1 information 

and belief, 

Before me this __ J_o_ day of March, 1993. 

~~ 
Subscribed 1 sworn to and acknowledc:Jec:l be fora me th i.Gl ~ day 

of ~tnrch ' 1993. 

Notnry PU l 

My commission eMpirast 
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