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SOME FUNDAMENTAL HYDROLOGIC ISSUES PERTINENT TO ENVIRONMENTAL
ACTIVITIES AT LOS ALAMOS NATIONAL LABORATORY, NEW MEXICO

WILLIAM L STONE

New Sevico Epvromem Departiment, DO Oveosgétie Batewu, 41 Momponiery N1 AT uengie, NSERTHON

Abstencta=Mfontonng/estorng tie 20006 cantimmated siies at Loy Alimios Natonal Laboratery (LANL ) od
protecting ground wiler i future waste-disposal activines, requuees an saderstanding of the isdrologe systemis
on the Pajarito Platesn, Despite presions work, the conceptual hydrogeotogiv model tor LANL o incemplete.
Sottie Ll g questetis ot ground-water sweatrency, mosement and quality remsan, For example, whal
the nuher of perehiedswiter zones, the depth of ground watter, the extent of perchedewiner 2omes, the possibilny of
recharge through the with the grovnd-wiiter fTow direcion e well tiekds, the onmn of sprmgs i White Rovk
Cunvon, the tate of perehed ground water, the wader adgel tor the Pajarmoe Platean, the bachgiound by drochemsiry
tor the satured cones amnd the inventory of radionuclives i canysns receiying efluent? Answering these i ajves
synithesis of existing intormation, collection of tew date and rethakang of canent emeepis,

INTRODUCTION

Radivactive and hazardous wiste has been geperited and disposed of

it Los Alamos Nativnal Laboratory (LANL) since ity inception in 1943
(Kelly, 1978), More than 2000 potentially comtanimiated sites or sofid
witste manigement units were recognized at LANL in 1995 (Apuny-
mous, 199%:0, The monitoring and restoration of these sites, as well s
protection of ground witer in future wasieedisposal setivities, requires a
thorough undemstanding ot the hvdrolagic systemis) at LANL,

The New Meaico Environment Depurtment tNMED) entered intoan
agreement with the Department of Energy (DOE) m Octaber 199 fre-
niewed in Seplember JU95) to provide guidanee regarding applicable stite
Juss and regadations as well as technical comments on envinmmentad
aetivities, These include wir gquality, surtaeeswater yuality, ground-water
quashity and Razardoussind-radivactive-matersibs fssues, I January 1995,
i separite NVED bureua was created to handle these fonctions, Over-

sigtht it LANL is provided by astadfat seven bas od i White Rock, supple-
tented, an necessary, by technical support stall” bused in Santa o wnd
Albugjergue.

LANL is situated on the Pajarito Phtean, the expanse o deeply dis
seeted Bandehier Tut? between the Jemer Mountains and the Rio Grade.
Much hus been Teamed about the bvdropealogy of the Pajarits Plitea
e Purtymun and Johamsen (1974) desenbed it in the New Menico
Geologieal Society's st gundebook on the arca. For example, the US,
Genlugical Survey develaped i fauelaver nwnerical nuwdel of the ne-
gimad hydrology EMeA s and Winiolek, TORXY, This was recently modi-
fied e an eightlaver moded to incorporine new ivdrogeotogic find-
mgs Frenzel, FOUSY Despate this previous waoek, the concepiual
hydrageologre model for LANL (8 ) 1is stll ineomplete upd some guess
tons remain,
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FIGURE 1, Conceptunt hydrogeolugic mded tor LANL (Anonyimous, 1998b, tig, 3.2y
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‘This paper identities and discusses some hydmlogic issues of concern
in cavironmental effaets it LANL, Many issties could e included
omission of u spegitic issue here does not meun NMED considers it un-
inportant. In view of' spice limitations, 10 of the more Tundamental is-
sues have been selected, They span all arcas of the congeplual
hydrogeologic madel: ground-water vecurrence, movement wnd quality,
Iy other words, where is the water, where does it come Trom, shere does
it o und what is its chenrisiry? Below, issues ane presented in the form
ol questions, followed by o sunaey o what is knowi, what is not known
and pussible solutions, The observations made herein are offered in the
spirit of technical comment and do not represent the regulatory position
of NMED,

GROUND-WATER OCCURRENCE ISSUES

‘The ocgurrenee of saturated 2ones at LANL must be known in onder
1o protect, monitor or remediate thems, More specitically, this includes
determining the stratigrmphic as well as geographic position of ground-
water halien, OF specin] interest are perched saturited zonesetheir ine
currence, depth and lteral eatent,

How many perched-water zones are there?

Significant watersyielding media are often culled “aguifen®, More
©specifically, un aquiler iy o peologic muterind whose saturated portion
s sutlicient porosity, permeability, thickness and extent o yicld uselul

quantities of water o wells, Since what constitutes “uselul quantities™ is
subjective su oo is the designation of materials as iguifon,

The recognition of aguifers 2t LANL has had an ateresting history,
The initial and long-standing view has been that there is only one sstu-
ruted anerial capable of providing o water supply al Los Aliunos, the
soecutled “main aquifer”, 1t consists mainly ol the Santa Fe Group and
overlving Puye Formation (the conglomerate in Big, 1) and contains the
regional water tble, Howeser, as more holes wene dniled, various perched
saturated zones were encountered, Initiadly, this included the perched
water bodies associited with ulluviuny in cayons shalliw perched was
ters Doviurs and Purtyinun, 1988 Purtvinun iind Swher, 19991 and with
basalt or sedimentiry units of the Puye Formation tintermediate perched
witers Purtvinun, 1975, 1998), Flowever, in some places the intermedis
ute perched water wits found 1o be in the wfl, Griggs (1964) reported ihat

< i SUO0L test hole to the “Tsehicomi Formition in upper f.os Alamos
Cinyon (see. 17, TION, ROW) encountered perehed water in bty the
afluvium and the Guaje Pumice Bed of the Otowi Member ol the Bundelier
T, Higher perched satuntied 2ones alvo have been discovered in the
Bundelier Tut? (Gurdner of al,, 1993; Broxton ¢t al., 1995; Dale and
Yanigak, this volutne),

Although none of these perchied zanes wppeurs to be s potential souree
ol water supply, they have sometimes been referred to as aguifers be-
cause they generally vield mone water than the surrounding materials,
The term “perched aquifer™ is not strictly correct us it is the water that is
perehed, not the geologic materal containing it n et the perched wae
ter may oecur b the same geologic unit as the regtonal water tible, Sevs
crul standard hydrelogy texts apparently share this concer us they refer
to “perched ground water™ but not “perchied aquiters”.

The piccemenl evolution of nomenclature associnted with the virrious
xaturiied cones i led to conamunicition prabiems, A simple seheme of
designuting them as “shatlow™, “intermedine” and “deep” will not work,
Thut s, the prictice of culting the groud water in e canyon alluvium
the “shallow perched water™ and that in the saturmed Puyve sediments or
busult above the regional water table the “intermediate perched water” is
not strictly valid in view of the discovery of still shidlower perched waler
in the it not to mention other perched-water onies oseurring in diller
ent geologic units thun these, OF coune the regional ur “muin wuiter”
remuins the “deep aquifer™,

We need to Know more about atl of the materiads containmg perched
waters their lithology, thickness and hydraulic properties agross the
Pajurito Pluteny are not docutnented. This would requing further dnlling
and auifer westing, Additionally, we need 1o know where ground witer
is uncontined and where it is confined, It was recognized very early that
witter in the misin wyudtfer is contined in some plages (Cusbiman, 1968),
Although recent studies of waterstevel tluetuations in the muin squiler
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continn this ¢Mclin, 1993), the specific areas where this applies should
be delinented and mspped.

How deep is ground water?

Knowledpe of the depth to various saturited zobes it LANL o eritical
not only for understanding the hydrogeologic systen in general, but ibs
for groundswaler prolection, memtoring and remediation actnities, Wae
tee-depth duta conwe from measarements in wells and observitions
springs, Thus, the understanding of ground-witer depth is only iy good
as the welt network and waterslevel data base, Aceonding o LANLY lat
estannual surveillance report (koben et al., 1998, tible Vi1, tus ine
cludes vne spring for e water perched in the tt?, 19 wells for water
perelied in the canyon atluvium, two wells and one spring for the wuter
perched in the basalt and sedimetss of the Puye Formation and 17 wells
and 28 sprngs Jor the deep or main aguaiter,

As noted in NMED'y evadution of the muonitoring i LANL (S1one @
alo 1992, this network i not adeguate. There sire too few wells for mome
toring perehed water in e tulf or the Puye, and large gaps i the covers
age of the deep or muin aguiter. Too many of the monitoring points are
production welly with long sereen intervals and toomany are clustered at
the s tocation, The need for additiopad dritting and better spacing of
wells is now recogmized by LANL and remedies are proposed i their
Deauft Ground Water Protection Management Progrum Plan (Anonymous,
19495h),

What s the extent of the perched-water zones?

In addition to depth, the Lteral extent of the perched-water zones i
pertinent 10 conducting/evidoating environmental activities, Perched
ground water probubly occurs i the alluviom o most o the canyons,
especially in the western pint of the Pajarito Plateau (Puntyimun, 1998),
However, its extent is best documented in Los Alamos, Mortandad and
Pajarito Convons (Devaurs and Pugtyinun, 1988 Puntymun, 1908),

The extent o' vther perchedswater zones is pootly ko, Forevample,
althougl water is hnown 1o be perched in the Bundelier Tuf! in sonie
mesas, bused initially on springs and now on dnhing, s fateral exient
there or under other mests s not been determined. Sinalarly, although
witter is known to be perchied in the basalt and sediments of the Puye
Formation beneath Puehlo, Los Alamos and Sundia Canyans, its lateral
extent has not been determined,

GROUND-WATER MOVEMENT ISSUES

Undentinding ground-wuter movement is vy essential o enyvitone
mental activities ot LANL. Thiv ineludes movement of wider belween
strinns and ssturated zones, between the various saturated zones and
within siturated zones, More specificndly, this invalves a knowledge of
the recharge, flow und disgharge off ground water.

Is thero recharge through the twft?

An the Bandelier Tutt caps the Pajurito Platcuy, it is the medium en-
countered by infiltruting previpitation, runot! and effuent, 1t was long
thought that this mateniil is sutliciently tight to prevent downwand fuid
movement, However, various lies of evidence suggest that while the
Wi may retand percolation, itdoes not prevent it The perching of groutd
witer in the canyon alluvivm on the ! attests 1o ils Tow permenbility,
but modeting of such perched water in Monandud Canyon hus sugpested
it there is comviderable leahage into the 1l {Koenig und Muelan, 1992;
Goddis, 1992, Stong, 1008), Further, where the deep aguier is uneans
fined, it presunably is an contoet with the atmosphene through the il
Although the ol lieks pritary porosity and permeability, especiully
whene welded, cooling and tectonie fractures ire comman, Such fra.
tures vlten exhibit cliy skins, suggesting water has moved alony them,
The imporange of these features as potential pathwinys Tor contuninunt
transport has been recognized by LANL and an excellent study of the
fractures in the rorth wall of Los Alutos Canyon s been made by
Wahletz 11995), However, it is not ¢lear whether fractares run ol the
way through the 1l or are interconnected enough to pernit water to
migrite W the underdying unitse As noted by Rogers ¢ 1995, ectome
fractures muy be more important as migration pathways than gooling
Joitts, Another ine of evidenve that the i is not a baraer to flow i the
oveurrence of water within the tufl itself, Water that wis not introduced
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during drithing has been encountered i two holes i mesa settings
tGardner ctal,, 1993, Also, spritgs lave been abserved discharging Hrom
the il in the Pagarito Canyon and Canyon e Valle arcas (Dale and
Yanicak. this volume),

What i the ground-wuter {low direction around the well fields?

Water-level maps for LANL show that the regsomal ground-witer low
direction s casterly (B 20, Thus, montonng is tocused on deteeting
movement ol contimninants toward the Rio Grude, However, near water-
supply welt fields, cones of depression associated with pumiping cim re-
vere flow direetion, cauning contiminants 1 move towand production wells
rather thun the mver. The caplure one tor each production well should be
determined and cones af depression reflected on witter-level mips, Hoth
ol these should e consudered in placing Tuture monitoring well,

Why are all the springs in White Rock Cunyon
attributed to the main squifer?
Witter Jevels for the main aguiter deereise toward the Rio Grnde and
it is the Jogicad discharge area Jor the regiomil saturated zone (g, 2).
Presumiably such dischurpe would be at river Tevel, as shown in vinious
LANL reports (e, Pustyiman, 1984, e, 2, However, ol the 27 springs
monitored by LANL, S are repored to be above the mver or on the
vinyon wall jind, based on the elevations given by Puntvinun ¢ 1980, tible
1y, tive more ire ahvo above the nver, Thus, 200t the 27 springs in Whae

Chtl

Rewh Canyon discharge abose the nver and thas above the regionil wa-
ter luble,

Vanous altemistive interpretations are possible, The sonplese s thit
the ¢levated springs represent discharge of somwe perched saturited zoneis)
athier than thid of the main aguiter, Other seenarios involve some splits
ting of the regional ground-wider How groumd basall bodies, resubting m
disehiirge at hoth perched i riverlevel positions, This could be tested
by i ol ati cist-west water-fevet profile across the plateaa, How-
ever, comstruction of such o protite is hindered by uncertainty as to the
clevition of the springs, Different reports gave ditlerent values; tor exs
ample, the elevation for Spring 6 tof Purtymun ¢t aly, TONMD s given o
S412 11, as SINO By Purtvimun (1998 and i S480 10 LANL meme
1o DOE 1 Ragers, personal commum,, 1998),

Where does perched ground water beneuth the Pajarito Plateau go?

Understnding the movement of perched witer at LANL is important
sot only fur conceptualizing the hydrogeologie sy stent, but adsa Tor pre-
divting the fae of water-home contaninints, Sueh contamminis iy
reach the peretied waters by rechiarge trom contanimited surlace wigen,
espectitly in the canyons, Leahage from perchedewater zomes niy pers
i contanuation of the regional aguiter, For example, tntiuny his been
detected at depths of w Jeast 195 1 beneath Mortandad Cunyon (Stoker
el 1901 The perefied satimited 7ones i the it come o the surfice
vid springs along canyons, where (the witter aissues trom {rictures, The
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FIGURE 2, General water-level nap for LANL (1%urtymun, 1995, tig, 1A§)L
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verticul position of the springs ity be contrulled by the degree of weld-
ing in the tut?,

The fate of water perched in the conyon idluviun is less obwious, Bused
on fdings for Mortindad Canyon, it appeaes (0 be fost by leahage o
the underlying Wit (Stone, 1995). Where ther is a perched 2one i the
Puye beneath the canyon, it is recharged by downwand percoluting water
from the tutt, In some cunyons, however, there is no second perched
zone, For example, Mortandad and Pajarito Canyons lick perched zobes
in the Puye, in the latter cose despite the presence of asult (Deviue and
Purtymun, 1983),

Water pereolating downward tfrom all of the perched satunned sones
eventually reuches the regional aguiter, The fewer perchied zones there
are, the mone direet the communicition with the surfage,

What is the water budget for the Pujurito Plateau?

The water budget foe an arca is essential in understunding its hvdroe
logic system, Such budpets relate the various pasaineters of the hydro-
logic eyele. A common form deals with the redistrbution or partitioning
of precipitution: precipitation (P) = runotY (RO) + evapatmnspitation (ET)
+ recharpe (R), However, the quantitication of these parsnetersat LANL
is incomplete, Recent instrumentution his expinded the capability Ioe
assessing rates of P RO and ET, but R remuins essentially undetined,
Sepuntte witer hudgets for selected cunyons of convern will be eswentiad
for contaminant-trunsport madeling,

GROUND-WATER QUALITY I[SSUES

Another important attribute of the hydrologic system at LANL eelat-
ing 10 environmental ctivities is water clienistry, An undentanding off
both natural and impucted proundswater chemistry s essential o inter.
preting monitoring results and determining cleansup levels,

What {s the background hydrechemistry for euch
of the saturated zonex ?

Although the various ground waters ut LANL have been sampled and
annlyzed far many years, adetinitive svnthesis of bickgroud water qual-
ity hax not been made. In other words, what are normal conmituents in
waters of the Pajarito Pliteau i whint is their normal conventrahon
(range, mean, cte.)?

What {s the inventory of rudionuclides In the cunyons?

EMluent contuining radionuclides huy been discharged into Acid, DI
Los Alamos und Mortindad Canyons, Must of the radionuclides become
haund to aliuvial sediments, so their concentrition in the canyons incpeises,
Becnuwe these sediments are then carried out of the canvans by storm run-
off (Purtymun, 1974), the quantity of' radionuelides in the canyons should
be deterrtined and monitored, The wmount of rdionuclides present in
Mortundad Canyon ax of 1978 was determined by Purtyinun et al, (1983),
They nlso projected thut by 1990 this inventory would increase by 80%, A
tollows=up study would permit an evaluinton of their projection as well as
complinnee with DOE concenmtriion tagtivily) guides,

SUMMARY AND SUGGESTIONS

This paper has sddressed some fundamentisl hydrologic issites forens
vironmental activities wt LANL, Their resolution will require the synthe.
sis of information already availnble, the collection of some new dats
and, in some cases, the rethinking ol curment vongepts,

1, The conceptunt iydrogeotogic muodel for LANL should be moditied
1o include all the perchedewater zones known and o nomencluture
developed Tor them that eliminates confusion,

2. The lithology, thickness and hydraulic chargetenstics of the mates
rinl making up such zones should be determined where necessaty
amd compited ina sitewide dat bine,

Additional wells should be dnlled 1o permit adequate chanwteriza
tion of all saturuted zones, especially near contuminated sites,

The Bundetier Tuf should no Junger be issunted to be n hydrotope
burrier,

The vertieal extent of fructures in the Bandelier Tutl should be de-
termined as far as possible,

PN S0

NTONE

6. Cupture cones shoudd be determined for cach waterssupply well,

7. Cones of depression Tor the produciog wells should be retlected by
contoun ot watensfeve! maps,

N The sotree of water issuing from tie springs in White Roch Canyon
should b reconsidered.

. The e of the various perched witers should be investigated, espes

vittlly where they are peur contamitiated sites and could convey cons

tamination buck o the envitonmest vutside the Tab or to deeper situs

e 2ones,

The geologie control of the vertivil position of sprifgs in the tutl

AUSCIVES IR \tUdy,

A water budget shoukd be conntructed for the Pajanto Plateay and

pechips selected cunyons of convern.

2 Bachground waterchemistey tor al) waters should be deternined, us
far o possible,

An inventory of rudienuchdes in canyons should be carried vut
The curtent climate of budget cuts id staft reductions has led some

to conclude that, “the time for study is over and the time for eleansup is

here™, Although that is a cutelry phiruse, where tundamental information

w fucking or incumplete, studies are still needed.
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View (o north of Sun Antonio hot spring (about 41°C), which iasues [t0m the contact of Sun Antonio Mountsin eholite and Redondo Creek Rhvolite, This spring is o
favorite destinution of croms country skiers in winter, T in tackground s composed of Qrowi Member, Rundelier Tutl, overiyimz Fermbun ved bds of the Abo
Formation.






