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1. INTRODUcnON 

This report presents the condusions of a blue ribOon panel's review of hydrogeologic data needs 

for the EnvironmentaJ Restoration (5R) Program at Los Alamos National Laboratory (LANL). The 

panel consisted of Peter Kean from OaJ< Ridge Nationat Laboratory in Grand Junction, Colorado: 

Roger W. Lee trcm the U.S. GeologicaJ Survey in Austin, Texas: and Daniel B. Stephens of 

Daniel B. Stephens & Associates in Albuquerque, New Mexico. The panel's review goats were 

to assess the available h~eok)gic data and identify additional ~ needs for the 
----~ -~---- -· -------- -------- --··-- -·---- ----------···-----------·------

Environmental Restoration Program. E.rnphasis was placed on defining a tecnnical approach that 
v would provide the necessary information to comptete the EA Program goaJ within the regulatory 

time frame, minimize duplication of efforts between charactsrizatjon studies at the various 

operable units, and obtain the necessary geotechnical data in a cost-effective manner. 
~ 

Section 2 indudes a summary of existing hydrogeologic conditions. Section 3 presents six 

·*r -~generai recommendations of the paneL Section 4 discusses specific studies necessary to fill data 

gaps in the ER Program. Specific questions presented by the ER Program are addressed in 

Section 5 and individual reviewer comments are given in Section 6. 
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2. SUMMARY OF HYDROGEOLOGIC CONDmONS 

This section presents an overvi~ of hydrogeologic conditions in the Los Alamos area This 

summary is based mostfy upon a preliminary review of available data. 

The surface and subsurface geology and ground-water resources of the Pajarito Plateau have 

been the focus of extensive study over the last 30 years (Ross et al. 1961, ·Theis and 

Conover 1962, 021 9; Conover et al. 1963, · Griggs 1964, · Spiegel and Baldwin 

1964, ·Cushman 1965, 0042; Purtymun 1~. 0187; Bailey et al. 1969, 0019; Purtymun 

and Cooper 1969, 0197; Smith 1970, · Purtymun and Johansen 1974, 0199; Purtymun 

1975, 0194; Purtymun et al. 1980, 0208; Purtymun et aJ. 1984, 021 O; and Dransfield and Gardner 

1985, ). The Pajarito Plateau. a gently dipping plateau on the eastam side of the Jemez 

Mountains. is composed of volcanic ash flow and ash ta11 deposits of the Bandelier Tuff. The 

plateau has been eroded into deep, east-southeast-trending canyons separated by finger-like 

mesas. The area of interest tor the Review Panet indudes the Pajarito Plateau trcm the eastern 

wall of the Valles Caldera east to the Rio Grande. and frcm Guaje Canyon on the north to Frijoles 

Canyon on the south. 

The canyon-mesa topography and the volcanic ash deposits of the Bandelier Tuff are key 

features of the Pajarito Plateau. and are important in controlling the hydrogeology. The hydrology 

of the plateau involves compiex interactions between surface runoff in the canyons. infiltration into 

soil/tuff on the mesas, evapotranspiration, and canyon-bottcm recharge to perched alluvial and 

bedrock ground-water systems. The Bandelier Tuff and upper Puye Formation form a vadose 

zone up to 11 00 ft thick under the mesa tops. The main aquifer beneath the plateau is isolated 

from perched waters by a thick sequence of unsaturated tuff and sediments (Purtymun and Stoker 
I 

1987, 0204; Oevaurs and Purtymun 1985, 0049). ~ '!o f,>'+J-, 
- 1 <7 I , ,>l i~tf ,:.. • 
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2.1 SURFACE WATER HYDROLOGY 

Surface water drains acrcss the Pajarito Plateau eastward from the Sierra de los ValJes to the Rio 

Grande, and continues south to Cochiti Reservoir through the Rio Grande Valley. Surface water 

occurs primarily as ephemeral ~ams in all the major canyons, including (from north to south) 

Guaje, Rendija, Barrancas. Bayo, Pueblo/Acid. L.os AlamosiOP, Sandia. Mortandad. Pajarito, and 

Water Canyons (Purtymun 1975, 0194). Springs between 7900 and 8900 ft on the flanks of the 

Sierra de los vanes suppiy perenniaJ baseflow tc the heactNaters of Guaje. Los Alamos. Pajarito, 

and Water Canyons (Abeele et aJ. 1981, 0009), but the amount of discharge is not sufficient to 

maintain perenniaJ surface flow acrcss the plateau. Runoff from heavy summer thunderstorms 

and spring snowmelt is the sole source of surtace water in Guaje, Rendija. Barrancas, and Bayo 

Canyons. Perennial flow is maintained in sections of Pueblo, Los Alamos. Sandia. and 

Mortandad canyons by the release of effluents tram industtiaJ waste treatment piants, sewage 

plants, and coating water from the power plant (Purtymun 1975, 0194), and may occur up to a 

mile downstream from points of discharge. Stream loss due to infiltration into underiying alluvium 

- . and evapotranspiration typically prevents surlace flow in these canyons from discharging across 

the eastern boundaries of LANL During periods of excessive storm runoff or snowmelt. surface 

flow may reach the Rio Grande (Abeeie et at. 1981, 0009). 

2.2 GROUND WATER HYDROLOGY 

This section presents a detailed disQ zssion of the ocaJrrence and movement of subsurface waters 

under unsaturated and saturated conditions. 

2.2.1 Hydrology of the Vadose Zone 

' 

The vadose zone inciudes up to 1100 ft of unsaturated volcanic tuff~ sediments and b~~ the 

Bandelier Fonnation. the Puye Formation and the Chino Mesa Basalts. The hydrology of the 

vadose zone is disaJssed in IWP Section 2.6.3, ·Geohydrology of Mesa Tops and Vadose Zone•. 
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Numerous investigations focusing on hydrologic cnaractertzatian of the upper 1 00 ft of the 

Bandelier Tuff have been conaucted in the Los Alamos area since the 1950s (e.g., Abrahams et 

aJ. 1961, 0015; Weir and Purtymun 1962, 0228; Abrahams 1963, 0011; Purtymun and Koopman 

1965, 0201; Purtymun and Kennedy 1971, 0200; Purtymun et aJ. 1978, 0207; Abaete et aJ. 1981, 

0009; Kearl et aJ. 1986, 0135: Purtymun et aJ. 1989, 0214). The remainder of the vadose zane .....­

below about 1 00 ft has nat been adequately characterized. 

The Bandelier Tuff was fanned by a series of ash flows and ash falls desaibed as nonwelded, 

moderately welded, and welded tuffs. The units are gradationaJ bath vertically and horiZontally. 

Individual ash flows, or a series of flaws that have coaled as a single unit, may shaw a greater 

degree of welding near the center than near the upper and lower contacts. HoriZontal variation 

in welding occurs with the greatest degree of welding westward towards the ash source 

(Purtymun 1975, 0194 ). 

Physical characteristics of the tuff which affect fluid flow result primarily from degree of welding 

and jointing. The degree of welding, which varies markedly within and between tuff units. 

influences the nature and variability of hydrologic characteristics. Welding results in increased 

density, deaeased porosity and decreased hydraulic conductivity (Purtymun and Koopman 1965, 

0201). Joints, formed by cooling of the ash flows, typicaJiy divide the tuff into irregular blacks. 

The major joint sets are verticaJ or near vertical with dips greater than 700, and joint frequency 

increases with degree of weiding. Joint apertures range from dosed to open as much as several 

centimeters. The joints are commonly filled with caliche near the surface, grading downward to / 

day, and may be open at depths greater than 30ft (Purtymun et aJ. 1978, 0207; Abeele et aJ. 

1981, 0009). Filled fractures strangty inhibit moisture movement. Open fractures are effective v ' 
barriers to liquid phase unsaturated flaw, but may provide preferential flaw paths for vapor 

transport or rapid water movement of liquid under saturated or near-saturated conditions (Abeele 

et aJ. 1981, 0009). Roots have been found in joints to depths of at least 30 ft (Abeele et al. 1981, 

0009) which suggest that joints may be important infiltration pathways. 

Natural recharge through the Bandelier Tuff on mesa tops has been considered by previous 

_(~-~~~~: _ ~ i _,.. ~- ·- · - ·- -'~~---~~~;s~g~,t.qymu_o,J~~c9J9~);_ Tili~ . _ .. 

'~~~~i&~ 
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condusion is based on tow in situ moisture content. the lack of temporal variations of in situ 

moisture, the thick vadose zone, dense vegetation cover, and annuaJ potential e~ration 

tn excess of precipitation. However, there are no definitive field tests which attempt to quantify / 

natura! recharge on mesa tops. 

2.2.2 Hydroaeoloalc Properties and Conditions of the Bandetler Tuff 

Most investigations of the hydrogeologic properties of the Bandelier Tuff have been conducted 

on crushed or disturbed tuff sampies; applicability of these vaJues to in situ tuff is uncertain. 

Partida Size Distribution. Size of partides in the tuff has a direct effect on the movement of water 

because partide arrangement and packing determine the porosity and pore size. Partida sizes 

in the tuff average 46% day and silt. and 53% sand. and typify a sandy silt (Abrahams 1963, 

0011). 

Porosity. Porosity measurements by Abrahams (1963, 0011) range from 20% to 60% by volume, 

generaJiy decreasing with increasing degree of welding. Measurements by TenaTek (1985. 

_--.J) yielded higher vaJues. from apprcximatety 39 to 74%. Extreme changes in porcsity over 

a short vertical distance have been observed (Abrahams 1963, 0011 ). 

Moisture Content. A number of hydraulic properties of the vadose zone vary with changing 

moisture content. The tuff is typically characterized by a very low volumetric moisture content 

Vadose zone characterization studies at TA-54 indicated that typical volumetric moisture contents ./ 

were ~lo to 4%, with locaJized intervals ranging up to 10% to 28% (IT Corp. 1987, ). In 

addition, studies by Abrahams (1963, 0011) showed that moisture content varied between 

disturbed and undisturbed soils and, generally, moisture content decreased with depth. Tuff 

samples taken from just below the surface had volumetric moisture contents ranging from less 

than 1% in samples from undisturbed areas, to about 26% from disturbed areas. At sites with 

high near-surtace moisture contents. the volumetric moisture content decreased rapidly with depth 

-.:-s'"-::~-;~!;,~::;·::.: ~T~te~~-£'~~f~~~~~r~~cte.;:-~f.~Ya!Yif.~"':de~m·~~-. ··· 
--:_~~~~~::-~~..=~--:.-~-·~:;_~_::~~~:~:-:.~~~~~~~~~~~;~~~~_.;_~~,!~~~~;'.;~·;,.:;;.~::·:-~~-:·~~~-.-~:~~:;;;::~;;~:~~~~~~~~-· 

... ~~~.-·s ·a-;;:n -;e:.....,-&,...,'m:.~lt·r· rnli'""Ph'WrN~v,.ra · ?b.-er="'<tti't'e$6J""*-"&-'c&a;r....,.,~~-.-.~wa:.,·v• , ......... u...,.~~----.-.a.':!,-.~~a~ ... ~'•·•a·~ ..... " 

~.~~~~~~~~1~/ 
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water infiltration, and relatively high moisture contents associated with a moderately welded zone 

in the lower portion of Tshirege Unit 1b and wHt1 certain fractures. Field data in Mortandad 

Canyon show moisture content varies greatty with ~. depending upon textUre (Stoker et at. · 
1991, ). 

Moisture Characteristic Curves. The relationship between moisture content and soil-water 

potential has been obtained tram cores at TA-54 by TerraTek (1985, ). Their data indicate: 

(1) extremely high residual moiSture contents ranging up tc SOO!o. and (2) a low air-entry pressure 

head. Purtymun and Stoker (1987, 0204) indicate that at TA-49 specific retention (residual 

moisture content) ranged from 11% to 27%. These resuits are tait1y consistent with recent tests 

on undisturbed tuff samples from Mortandad canyon (Stoker et al. 1991, ). However, 

detailed analyses in Mortandad canyon show tnere are significant differences in moisture 
• ... '" <6 < 

retention characteristics between and within forma1ionaJ units. 

Hydraulic Conductivity. Hydrauiic conductivity is tne parameter which describes rate of flow of 

a fluid through a porous medium; it is a function of both the fluid and the medium. Saturated 

hycir8ulic conductivities have been measured tor tuff many times under laboratory and field 

conditions (IT Corp. 1987, · Abeele et al. 1981, 0009; Abrahams 1963, 0011) with values 

ranging from 1.9x1 ~ to 2.3x1 04 cmts (5.4x1 o-z to 6.5 ftld). In genera!, nonwelded tuff has 

greater satUrated conductivity than welded tuff, and horizontai conductivities are greater than 

vertical ·earlductivities (Abrahams 1963, 0011 ). Laboratory measurements of unsaturated 
•• ~ •.•• ~ ..... \>. .•· ··,.::--;:-:· .. /·. ·~: ' 

hyQrauiiC. conductivities on rock-core samples of Bandelier Tuff from TA-54, Areas G and L, 

ranged from i1o~' to 1.6x1 0"7 anls (8.5x1 (r• t~ 4.5x1 cr ft/d) ~ 25~ tO 61% ~olumetric water 

®ntent (IT Corp. 1987, ). When calcuiat8d from moisture retention data. unSaturated 
....... "-....r... ' ,~ '. ' . • . 

conductivity was approximatefy 1 0"' cm1s (2.8x1 0-4 ft/d) at 20 to 400/o moisture content. Beneath 

mesa tops where volumetric moisture content may be about 2% to 4%, unsaturated hydraulic 

conductivity will be much lower than these vaiues. Where the hydraulic gradient is unity, as it 

commonly is below the root zone, the unsaturated hydraulic conductivity at the field moisture 

content equals the flux of moisture which could eventually become rechatge. 
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Sorction. The ion exchange capacity of alluvium and tuff allows for significant retention of 

radionuctides. Polzer and Essington (1984, 0178) report an ion exchange capacity for strontium, 

cesium. and cobalt of 3.3 ~g (0.33 meq/1 00 g). Christenson and.lJl~mas (1962. 0039) report 
~~-·,..··:.. .. ... ·~·· ·• · ... ,.4f{N. ~:;;;:~~::..:~:~~~7:·.~··~· · 

that ion exchange capacities for ptutonium range from 0.5 to 3 meq1100:; tqr.Jt1@.Jshirege 

member of the Bandelier Tuff. ·~PurtYmun and StOker (19S7, ·02o4) report.vakJes of 0.7 to 2.8 

meq/100 g. However, actinide sorption may be decreased by complexation with citrates and 

fluoride which may have been disposed with the racionudides. Oxidation state aJso affects 

sorption. · At· relatively low pH, plutonium is oxidized to +Q, and although fai~ unstable, it is not 

as exchangeable as Pu .. and Pu.:s (Christenson and Thomas 1962, 0039). 

2.2.3 Hydrology of the Saturated Zone 

Ground water occurs under saturated conditions in three terms beneath the Pajartto Plateau: 

(1) stream-connected alluvial aquifers, (2) perched water in shallow basaJts and sediments 

---undertying-tAe.alluvium, and {3) the main aquifer of the Pajarita Plateau. Purtymun (1973, 0191; 

1975, 0194) indicates that stream-ccnnected alluvial aquifers recharge underiying perched 

aquifers in Pueblo and Las Alamos Canyons: accordingly, alluvial and perched aquifers are 

discussed together in the following subsections. Although the nature and location of the perching 

layers are not known, the main aquifer does not appear to be hydrologicaJiy connected to the 

overty;ng perched zones. The ~nnection of the alluvial aquifer in Mortandad Canyon was 
verified in the field by Stoker et af. (1991, ). 

2.2.3.1 Alluvial and Perched Acuifers 

Canyons with effluent-fed perenniaJ surface flow - Pueblo Canyon, Las AJamos Canyon, and 

Mortandad Canyon - have alluvial aquifers which are recharged by, and hydrologically conneded 

to, surface stream flows. Uquid waste is also diverted to Water Canyon -in a perennial reach. 

Ground water has been reported in alluvium in Water Canyon, as well as Pajarito and Sandia 

.::.-:"::;~-~~~::,··':l'-:.ii~Y9;!liJ~4tg_~~.1~91 •.~ ~NL.. personal CQmmunication). Surface water rapidly infiltrates 

~~~~~&; 
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thrOugh the permeable aJiuvium until downward movement is restricted by less permeable 

sediments of the Tschicoma Formation, the Bandelier Tuff or the Puye Formation, resuJting in a 

shaJiow zone of saturation perched within the alluvium. These shallow, stream-connected 

aquifers are typically perennial water bodies which exhibit seasonal water table fluctuations 

(Purtymun and Kennedy 1971, 0200). As flow occurs down the hydraulic gradient (eastward) in 

the aJiuvium, water is lost to evaporation, transpiration and infiltration into undertying sediments. 

Infiltration of alluvial ground water appears to be the main source of recharge for two perched 

water bodies near the confluence of Pueblo and Los Alamos Canyons and in the midreach of 

Pueblo Canyon (Purtymun 1973, 0191; Purtymun 1975, 0194; Abeele et al. 1981, 0009). Good 

reviews of alluvial aquifers by drainage area are induded in Purtymun (1975, 0194; 1973, 0191 ); 

results of an extensive monitoring study of the alluvial aquifer in Mortandad Canyon are presented 

in Abrahams et al. (1982. ), Baltz et al. (1963. 0024), Purtymun (1973, 0191), Purtymun 

(1974, 0192), Purtymun et al. (19n, 0206), Punymun et al. (1983, 0209), and Stoker et al. {1991, 

----'). 

2.2.3.2 Main Acuifer 

The main aquifer beneath the Pajarito Plateau serves as the municipal water supply tor the Los 

Alamos area and is located within the lower Puye Formation and the Santa Fe Group sediments. 

Cushman (1965, 0042) suggested three sources of recharge to the main aquifer: infiltration of 

runoff in canyons, underflow from the Valles CaJdera through the Tschicoma Formation, and 

infiltration on mesas. NaturaJ recharge through undisturbed Bandelier Tuff on the mesa tops is 

believed to be insignificant (Purtymun and Kennedy 1971, 0200). Ground water flows from the 

Sierra de los Valles east and east-southeast toward the Rio Grande. The Rio Grande is the 

principal discharge area for the main aquifer. The 18.5-km (11.5-mile) reach of the Rio Grande 

between Otowi and the mouth of Frijoles Canyon receives an estimated 5.3x1 rf to 6.8x1 rf m3 

(4300 to 5500 acre-feet} of ground water discharge annually from springs. and seeps (Purtymun 

1984, 0196). 
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A s;gnificant portion of flow in the main aquifer is aiso discharged by wells and used tor the 

municipaJ water supply. Three well fields have been developed in the main aquifer; two fields, 

the Los Alamos Fteld and the Guaje Ftetd. are located aJong the eastern and northern margins 

of the laboratory. The Pajarito Fteld is located near the east-centraJ part of the laboratory. The 

Los Alamos F.eld. located in lower Los AJamos Canyon, consists of five producing wells which 

have pumped an average 1.57x1 0' rrrlyr (5.54 x 1 07 fiJiyr), or 36% of the totaJ volume pumped 

from the three fields, during the period 1947 to 1982. The Guaje Field is located in the mid to 

lower reach of Guaje canyon, and consists of seven wells which have prodcced 1.62x1 0' m21yr 

(5.72x1 07 fftyr) or 37% of totaJ pumpage, as of 1982 (Purtymun 1984, 0196). The Pajama Field 

indudes 5 wens. but 3 produce most of the discharge. Production from 1965 to 1982 averaged 

2.45x1 0' m21yr (8.65x1 07 trlyr), or about 27% of the totaJ pumpage volume. Pumping from the 

municipal well fields has resutted in an average water-jevel dedine of 0.34 rnJyr (1. 1 1 ftfyr) in the 

los Alamos Fiefd, 0.52 nvyr (1.71 ftlyr) in the Guaje Fteld. and 0.03 rTVyr (0.098 ftlyr) in the 

Pajama Field. 

-""·.c""':':"-Hydraulic;_·condu~ varies between different hydrostratigraphic units within the main aquifer. -----· Values for the Santa Fe Group sediments in the Los Alamos Field range frcm 1.4x1 o• to 4.4x1 0-' 
. -----· -------·-----· 

cmls (0.~ 1 ~ ftldt_ In general, hydraulic conductivities are higher in the upper 1000 ft of the 

Santa Fe Group and decrease to the east toward the Rio Grande. Where Santa Fe Group 

sediments are interDedded with basalts, as in the Guaje Well Fl81d, hydraulic conductivities are 

slightly higher, and range from 2.5x10-' to 5.3x10-' cmls (0.71 to 1.5 ft/d}. The Puye Formation ------..... -----~ -._______ 
in the northern part of the laboratory area (Test Wells 1, 2 and 3) has a hydraulic co-n---:du-ctivity~-~.:---of,.____ --4.Sx104 cm:s (13 ftld) (Purtymun 1984, 0196), and near TA-49 in the southern part 9f the ---· --· 
laboratory hydraulic conductivity is about 3.8x1 ~ cmls (1 0.8 ft/d) {Purtymun and Stoker 1987, -·-- _______________ "_ .. _........, ....... 

--. ---·~. 

---~). 
- ......... ____ ..,. 

The regional ground water gradient beneath the Sierra de los VaJies and the western Pajarito 

Plateau is about 0.023 within interfingered units of the Tschicoma and Puye Fonnations. As 

ground water moves eastward into the more penneable sediments of the Puye Formation beneath 

the central plateau, the gradient decreases to 0.011 to 0.015. Along the eastern edge of the 
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~ 
gradient beneath OU-1 071 is not precisely known, but based on regional values is estimated to 

be 0.011 to 0.015. 

( ~ 1 ) 

Depth to the main aquifer ranges from approximately 335 rnfa( the western margin of the operable 

unit to about 75 m at the SWMUs in lower l.cs Alamos and Guaje Canyons to the east Ground 

water flow rates are estimated to range from about 6x1~ to 10"1 kmlyr (20 to 345 ft'yr) aaoss 

the ptateau. The main aquifer is apparently unconfined beneath the western and cen1raJ portions 

of the plateau. Along the eastern margin of the pialeau near the L.os Alamos Field. the aquifer 

is under artesian conditions {Theis and Conover 1962. 0219). Cushman (1965, 0042) noted that 

the artesian conditions are probably caused by upward-moving ground water in the discharge 

zone near the Rio Granda. However, recent geologic interpretations by Waresback and Turbeville 

(1990, ) suggest that IOWi)ermeabiltty lacustrine sequences in ::1e Totavi Lentil member of 

the Puye Formation may act as confining layers tor the main aquifer (Figure 1 ). 

Water quality in the main aquifer is excellent tor domestic purposes. The chemicaJ characteristics 

of water in the main aquifer depend on lithology of the aquifer, depth of the wall, and locaJ 

variation in aquifer conditions. Purtymun at al. (1980, 0208) have divided ground water from the 

main aquifer into groups based on the chemical ~er discharging from springs in 
. -----....._ 

various hydrostratigraphic units. Watsr from the T~of the Puye Formation is 

a caJcium and bicarbonate water with average sutfate and chloride concentrations of about 4 mg/1 

with concemrations of dissotvad solids ranging from 112 to 210 mg/1. Water from the coarse­

grained sediments of the upper Santa Fe Group is a sodium and bicarbonate water with average 

sulfate and chloride concentrations of about 3 mgll and concentrations of dissolved solids ranging 

from 154 to 262 mgll. The fine-grained sediments of the Santa Fe Group a!so produce a sodium 

and bicarbonate water but with a higher sulfate concentration of about 1 0 mg/1, a chloride 

concentration of about 3 mg/1 and concentrations of dissotved solids ranging from 194 to 

236 mgll. 

-v 
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2.3 DISCUSSION 

Much of the literature (e.g., Purtymun 1966, 0187; Puttymun and Cooper 1969, 0197; Purtymun 

and Johansen 1974, 0199; Purtymun 1975, 0194: Purtymun et al. 1980. 0208; and Purtymun et 

al. 1984, 021 0) commonly retied upon in Laboratory environmental reports presents a simple 

conceptual hydrogeologic model tor the regional ground-water system which proposes that water 

in the main aquifer moves tram a recharge area in the Valles Caldera eastward to a discharge 

area at the Rio Grande. This conceptual model proposes that minor recnarge may occur in the 
----deep canyons containing perennial streams, but that littie or no recharge is added to the main 

-------------------- -·-·-F-~ .. -._ ·~~.·-·-- ·--·-·-------~---
aquifer from intermittent streams in the canyons. and that no recharge can infiltrate to the main 

aquifer through the Bandelier Tuff tram mesa tops. The current model thus proposes that virtually 

all recnarge to the regional aquifer system flows through the Tschicoma Formation which bounds 

the water-bearing sedim~J!t!i of th.!_§anta Fe Group on tne west. This model is acparently based 

in part on drilling ofT~ Well TW:4J~cid-Pueblo Canyon which was completed in a brecciated ~ 
-~::::~· - \ 

~o.Uha.Tschicoma Fonna1io.D...anQ encoumerea ~toot zone of saturation (Purtymun 1984. 

0196), thus suggesting that certain zones of the Tsdlicoma are permeable enough to transmit 

recharge. No subsurface data exists, however, between the east caJdera wall and the Pajaritc)-> 

Fault Zone where underflow of caldera recharge is proposed to occur. 

Other investigators working in the 1960s (e.g., Conover et al. 1963, · Griggs 1964, _,_, 

Spiegel and Baldwin 1964, · and Cushman 1965. 0042) propose hydrologic models for the 

Caldera and/or the Pajarito Plateau which are not consistent with the conceptual model described 

above and heavily relied upon by Laboratory e~vironmentaJ efforts.@onover et al. (1963, ) 

and Griggs (1964, ) present data wRfch. ~rt that ground-water discharges from the 

CaJdera to the southwest not the east. and that the Tschicoma Formation is completely 

impermeable to ground-water flow. Griggs (1964, ), Spiegel and Baldwin (1964, ), 

and Cushman (1965, 0042) aJI propose that the major recharge component tor the regional 

aquifer is from precipitation and runoff infilb ating through canyon-bottoms on the plateau and from 

streamflow moving eastward across the Sierra de los Valles/plateau boundary. No surface water/ 

studies have addressed mesa-top runoff or canyon-bottom recharge. 
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It is generally accepted that stream loss recharges alluvial aquifers which exist in many of the 

cSnyons on the plateau. Deeper perched aquifers are also known to occur at depths up to 200 ft 

1n the Puye Formation and Chino Mesa Basalts beneath Pueblo and los Alamos Canyons. The 

· vertieaJ and lateral extent of the perched aquifers, the nature and extent of perching units, and 

~ 1he potential for migration of perched water to the main aquifer have not been addressed by 

It is also generally accepted that the Rio Grande is the discharge area tor the main aquifers which 

occur in the Santa Fe Group sediments both west and east of the river (Spiegel and Baldwin 

1964, ·Cushman 1965, 0042; Purtymun eta1.19BO, 0208; Purtymun 1984, 0196); however, 

the nature of the flow domain and gradient conditions near the river are not well understood. 

Artesian conditions occur in the Lcs Alamos well field in lower Lcs Alamos Canyon, but no 

continuous, welkjefined confining layer has been identified. Cushman (1965, 0042) recognized 

that water in the aQuifer in the vicinity of these wells and the Rio Grande has a strcng upward 

flow component, probably due in part to proximity to the naruraJ discharge area. The assumption 

---that-the main.aquife~n.the vicinity otthe Lcs Alamos Well Field occurs unaer confining conditions 

is speculative. In some areas, the Bandelier Tuff and basalts may serve as confining beds tor 

ground water in the relatively permeable portions of the Puye Formation. Clays in the Santa Fe 

Group are more likely candidates tor confining beds in other areas. However, the assumption of 

continuous confining beds further provides a ~e sense of security" concerning potential 

contaminant migration and impact of the regional water suppty. 

A better unaerstanding of the flow domain of the regional aquifer is necessary in order to evaluate 

contaminant migration and the potential for impact of the main aquifer. An alternative conceptual 

model, illustrated in Figure 2, is proposed for the regional aquifer system. The alternative model V' 
proposes a significant recharge component on the plateau, through canyon bottoms and major 

fault zones. Flow through the T schicoma Formation from the Valles Caldera remains a possibility, 

and may be a minor recharge source. The main flow direction is eastward, but the flow domain 

proposed for the discharge area differs from the current model. It is possible that water 

discharging in springs and seeps along the Rio Grande, and that water occurring in certain wells 

in the lower Los Alamos Well Field. has a source contribution from the regional acuifer east of 

13 
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..... . --~ Water in the aquifer to the east is recharged in the Sangre de Cristo Mountains, 

-- flowS westward and discharges to the Rio Grande in a similar pattern as the Pajarito aquifer; 

· ~ ·however. the ground-water Dasin on the east is much larger (338 mf versus 252 mr, Spiegel and 

~~- BaJdwin 1963, ), and flow ·near the Rio Grande is impeded by impermeable units of the 
~"Z~ 

· :~c:,..,:. Cerros del Rio volcanic field. The strong upward flow component observed west of the Rio 
-~. ,..~~·· 

Grande in the Los Alamos Well Field is consistent with upwelling of flow from the east towards 

its discharge area. This proposed flow domain is aiso consistent with arsenic and uranium data 

from Los A!amos Wells 1 b and 6, the Buckman wells east of the Rio Grande and spring 3b in 
t­

White Rock Canyon, and 1'0 data from White Rock Canyon springs which sugges1S tha;r the 

water was recharged at an altitude higher than the Sierra de los Valles (Goff 1991, LANL. written 

communication). 

ChemicaJ data from existing reportS for all of the occurrences of water in the vicinity of LANL are 

adequate for most environmental assessments. with limited use in comparing to water quality 

guidelines. As a geochemicaJ data set. the body of analyses reported is greatly lacking. 

·-Inadequate quality-assurance practices and repornng, questionable collection methods, many data -;/­

reporting errors, and incomplete anaiyticai schedwes of parameters limit the data use. As is, 7 

these data cannot be effectively used tor geochemical intefl)I'Station of reck-water interactions. 

A program should be deveioped to correct present errors where possible, and establish proper 

approaches for future chemica! data collections. More specific discussions of problems with water 

chemica! data at LANL are given in Appendix 5. 
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3. GENERAL RECOMMENDATIONS 

Based on a review of the available geotecttnicaJ literature tor the site and the region, and 

discussions with LANL scientists and staff, the panel has the following six general 

recommendations: 

• Select a time frame for predicting environmental impacts: 

• Develop a site-wide hydrological and cnemicaJ data base that meets specific QA 

objectives: 

• Implement a l.atKlratory communication plan: 

• Develop ccnceprual models: 

• Conduct investigabons emcloying numerical modeling of vapor transport unsaturated 

transport and regional ground-water flow: 

• Conduct specific geotechnical studies. 

3.1 SELECT A T1ME FRAME 

It is not clear to the panel what the time frame is fer assessing potential impacts of past waste 

disposal practices. Understanding the regulatory time requirements for predicting the extent of 

contaminant migration has direct implications on data requirements and recommendations 

presented in this report Discussions with the appropriate regulators to agree upon a time frame 

should be held as soon as possible. 

3.2 DEVELOP A SITE-WIDE DATA BASE 

A review of the site hydrogeologic and geochemical data has shown that site information is 

contained in numerous technical reports. surveillance reports, unpublished data. and personal 

files. These scattered data have imoacted the panel's review and will affect background data 

16 
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searches tor future site characterizations. Incorporating this data into a comprehensive data base 

has several advantages. The data will be at a single location tor easy access. Data can be 

reviewed and a quality assurance program impjemented. Data collected during future site 

investigations can be incorporated to continually update the data base. Using this data base, 

information from different sites can be correlated. regional data compared with site specific data. 

and data documented tor regulatory quality assurance • 

3.3 IMPLEMENT A LAB ORA TORY COMMUNICA nON PLAN 

Several groups within the Laboratory are conaucting work related to the ER Program. Other 

. groups are working on site projects that have gathered information useful to the program. There 

are aiso LANL scientists working on volcanic tuffs at the Nevada Test Site. It is dear from recent 

meetings that researcners are not fully aware of activities that relate to their own investigations. 

To overcome this problem, the panel recommends symposia or scheduled meetings where all 

interested- investigators can J)fesent .their recent work. This approacn will allow an exchange of 

information and reduce dupiication of effort. Increased communication will be essential to 

developing ER documents which present a consistent hydrogeologic framework tor facilitating 

regulatory review. 

3.4 DEVELOP CONCEPTUAL MODELS 

Due to the complex nature of the region's hydrogeology, severaJ interpretations of the processes 

controlling contaminant migration have been presented. The panel recommends that three 

separate conceptual modets be developed for flow and transport processes at the site, to include: 

vapor transport (diffusion/density-driven) for the mesa tops, variably saturated flow for the valley 

bottoms below perched zones, and a regional ground-water flow conceptual model. Different 

versions of each conceptual model should be developed to test the significance of the transport 

processes. For instance, recharge and liquid transport in porous and tracrured media should also 

be included as alternative mesa-too conceptual mooels. Several conceotuaJ models have been 

17 
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proposed for regional ground-water flow; tor exampte, previous work at LANL suggests that 

ground-water recharge to the regional aquifer occurs at the vanes Caldera and disct'large occurs 

at the Rio Grande. Another con~tuaJ model states that recharge occurs along the Pajarito Fault 

Zone. One panelist believes that recharge originating on the eastern side of the Rio Grande may 

contribute to discharge on the western side of the river and account for the strong upwards 

ground-water flow observed in that area. Developing artemative conceptual models will help to 

validate or invalidate the ccntrclling transport processes. 

3.5 CONDUCT NUMERJCAL MOOEUNG 

Wrth the available data. the panel reccmmends that investigations applying numericai modeling 

of the controlling transport processes at the site be initiated as soon as possible. The numerical 

modeling should follow the conceptual models (i.e., vacor transport. variably saturated flow, 

regional ground water flow). 

An important component at the numerical modeling is a sensitivity anaiysis program. The 

importance at individual transport parameters can be assessed and the results used to determine 

the amount of effort necessary to turtner define the controlling transport parameters. 

Several excellent studies have been conducted by LANL scientists that provide data necessary 

to verify the numericaJ models. At TA-54, data has been collected from vapor wells tor several 

years as part at a monitoring program for organic vapors. This data provides an excellent 

opportunity to verify a diffusion/density-driven vapor transport model. At TA-50, controlled 

experiments were conducted to study infiltration into tuff. At Mortandad Canyon, a recent study 

has provided a quality set at data regarding tritium migration in tuff beneath the alluvial aquifer. 

This •accidental• tracer test provides the data to verify a variably saturated transport model. In 

addition, the test invotving injection and monitoring of large volumes of water and radionudides 

at TA-21 also provides information to verify an unsaturated transport model. The numerical model 

studies are also highly reievant to validating codes for long-term performance assessments. 

~8 
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4. SPECIFIC GEOTECHNICAL INVESTJGA noNS 

This section discusses specific studies necessary to fill data gaps identified by the panel. These 

studies are intended to measure or assess hydrogeologic processes or parameters for an 

individual opera.bie unit but will provide data useful tor characterization studies at other operable 

units. In addition, the panel is aware that some of these studies are already planned and only 

wants to reinforce their importance. 

4.1 ISOTOPIC GROUND-WATER STUDIES 

One of the first steps in characterizing regional ground-water flow is conducting a sampling 

program of existing weUs, springs, or seeps to measure ana assess the.ground-water ages. This 

survey will help to better understand the recnarge and discharge areas, the relationship of 

-- perched zones witJ'1_the main.aquifer-,-and ground-water-flow rates. In addition, results from an 

age dating program can identify and guide further ground-water characterization programs. 

Improved parameter lists of chemical samples and environmental isotopes will provide a more 

compiete set of geochemical data tor this and other purposes of interpretation. The isotope 

sampling should inctude ,.C, 1=-c, 34S, 3H, as well as 1'0 and 2H. 

4.2 INSTAU.AnON OF A GROUND-WATER MONITORING NrnYORK 

Several wells at the LANL facility are used to monitor ground water. These wells, however, were 

designed tor other purposes such as water suppty. The panel recommends that a series of 

morutcring wells be instaiied up and downgradient of the Laboratory to assess regional 

hydrogeologic and hydrogeochemical properties. At least two upgradient wells, one on each side 

of the Pajarito Fault Zone, are recommended to assess background water quality and recharge 

areas. Based on the assumption that valleys tend to concentrate recharge on the Pajarito 

•1'1 
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Plateau, at least several downgradient wells should be located in the canyons near the 

Laboratory's eastern boundary. 

The instaJJatian and construction of the monitcrtng wells should ensure that the appropriate 

hydrogeologic and gecchemicaJ data are collected. Coring for lithologic and pore-water 

gecchemicaJ analyses, permeability testing, and installation of discrete sampling points for head, 

water chemistry, and gas chemistry measurements are important comoonents of the monitoring 

wells. 

A goal of the regional monitoring network is tc sufficiently describe the regionaJ aquifer so that 

data can be extrapolated tc the individual operating units. This approach will minimize the need 

to instaJI monitoring wells at the individual operating units and thereby result in sufficient 

hydrogeologic data at a significant cost savings. 

4.3 HYDROGEOLOGIC ASSESSMENT 

The hydrogeology of the Los Alamos areas has been studied by numerous investigators. The 

existing reports should be updated based upon a comprenensive re-evaiuation of existing data 

and new information which may be collected as a resutt of our recommendations or other ER 

activities. 

The basic hydrogeologic data needs include gaging discharge of all perennial streams and the 

prindpaJ ephemeral streams. This is important data to quantify the stream infiltration component 

of the water balance and to evaluate the transient water level fluctuations in shallow and deep 

ground water. The surface water conveyance of contaminants in solution or sorped on colloids 

is an area that has not been addressed. 

Basic field mapping is recommended to document all springs and seeps which may discharge to 

canyon bottoms and escarpments. The documentation should include geologic features, 

discharge rates, vegetation, and water chemistry sampling. Field mapping should also focus on 

20 
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deUneating fracture systems which may be zones of recharge, especiaJiy in canyon bottoms 

where there are aJiuviaJ aquifers and areas on mesa tops where runoff or ponded water may 

occur locally in channels or depressions. Field mapping and drilling should also identify the 

horizontaJ and vertical extent of perched aquifers reported in Pueblo, Los Alamos, Sandia, 

Pajarito, and Water Canyons. F181d tests should determine tne ground-water discharge rate, flow 

direction. and mean velocity in aJI perched alluviaJ and perched bedrock aquifers which occur in 

watersheds of the operating units. 

A regionaJ scale water budget for the hydrogeoiogic system should be completed based on new 

and existing data. The water balance should identity aJI sources of recharge, discharge, and 

storage within the perched aJiuviaJ, perched bearock and main aquifers. 

4.4 ASSESS COLLOIDAL TRANSPORT 

The role of colloids in- the .transport of-immobiie-ladionudides such as plutonium should be 

examined. Work by Penrose et aJ. (1990, 0174) suggests tnat colloids have played a significant 

role in the transport of plutonium in Mortandad Canyon. Recent work by LANL in the canyon 

indicates that sediment transport may be responsible. This issue needs to be resolved. 

A ground-water sampling program tnat specfficafty targets colloids in ground water is a possible 

option. Samcies could be taken using a colloidal borescope to determine the concentration and 

chemistry of the colloids. The colloidaJ borescope is a downhole camera caoable of viewing 

colloidal-size particles. When used during the samciing, the borescope ensures that 

representative particles are sampled. The importance of colloidal transport in the vadose zone 

should aJso be investigated. 
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4.5 MOBIUTY ANALYSES 

Many of the radionuctides are . generally recognized as highly immobile, due to sorption 

mechanisms. Neverthetess. some of these radionuctides occur at much greater depths in the 

field than expected. It is possible that the radionucfides are mobilized by other chemicals. 

Investigations on the importance of sorption and compiexation in field transport are 

recommended. 

Organic chemicaJs are aiso subject to sorption, especially in the presence of organic matter in the 

porous media. The attenuation caoacity of organic chemicals moving through representative 

alluvium and uncrushed tuff should be quantified. 

4.6 DISPERSION 

- -Tl'anSQOrt through alluvium and tuff is influenced by the dispersive characteristics of the porous 

and fractured media (e.g .• Springer and Fuemes 1987, ). Dispersivity should be quantified, 

at least initially, by laboratory experiments in undistumed, representatiVe media under both 

saturated and unsaturated conditions. Methods to extrapOlate the laboratory measurements to 

the field scale should be developed. 

4.7 VADOSE ZONE CHARACTERIZA TlON 

Hydraulic properties of the vadose zone have been characterized in T A-54 and Mortandad 

Canyon. The data sets should be carefully compared. Differences may be attributable to spatial 

variability in geology, or testing methodology. From a cost perspective, it would be highly 

advantageous to estabtish that there is little variability in the hydraulic properties so that such 

information can be extrapolated with reasonable confidence to operating units wnere little or no 

data exist 
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If the analysis shows significant differences in data sets, we reccmmend developing a program 

to understand the source of variability. This program could include collecting shallow core 

sarnptes aJong transects, determining hydraulic properties in the labOratory, and conducting a 

geostatisticai analysis. Spatial variability within and between tuff units could also be evaJuated 

on outcrops or shallow excavations with field permeameters. To address whether variability is 

due to testing bias, different testing methods should be applied to the same samples. 

Much of the vadose zone cnaractertzation data collected to date is within approximately the upper 

200 ft of land surtace. These data are derived from laboratory analyses of cere samples. If 

model validation efforts endorsed earlier in our report (Section 3.5) lead to unreasonabie results, 

part of the explanation may be that the existing hyaraulic properties used in the model are not 

representative of field behavior. To address this issue, a comcarison of laboratory results and 

stanaard, near-surtace, in situ methods is reccmmenaed for determining vapor and liquid 

transoort coefficients. 

For many remedial designs. the most important process driving the design decision will be 

recharge. Field programs are strongly encouraged to quantify reCharge at representative sites. 

In developing sampling plans, the ER program staff should recognize that there are no field 

methods to determine in situ unsaturated hydraulic properties at depths beiow about 3 m. 

Methods ot deep vadose zone characterization in boreholes using air or water injection only yield 

values of hydraulic ccnductivity at saturation, or permeability to air at field moisture content, 

respectively. Air permeameters are considered attractive because no water is introduced to the 

formation to mobilize liqujd contaminants. We recommend, however, a careful review of 

mathematical developments for air permeameters to assess the significance of the gas slip 

phenomenon (e.g., Stonestrum and Rubin 1989, ) and the relationship between air and 

water permeability. Oevetopment of practical in situ techniques tor deep vadose zone 

characterization should be encouraged. 

....., 
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Neutron probes and other vadose zona monitoring devices require careful calibration, e~ecially 

wtlan attempting to compare measured spatial distributions of moisture. The affects of monitor 

weU mataria1s, borehole geometry, and formation ctlamistry should be considered. 

4.8 MAKE UNPUBUSHED DATA AVAILABlE 

As previously discussed in the communication reccmmendation. work being conducted by various 

groups at LANL needs tc be disseminated. In addition, previous work that has an impact on the 

ER program should be made available. 

In 1986, Bendix Fie_ld Engineering conducted an investigation ofTA-54 (Kearl et al. 1986, 0135). 

As part of this investigation. soiJ-gas sampling pons were installed at various locations and depths 

across the site. Additional sampiing pons were installed by LANL the following yeelj. It is our 

understanding that LANL has been actively collecting cnemicaJ data from these soil-gas sampling 

ports tor a number of years. Apparentty, this data has yet to be published. It is important that 

this data be evaJuated to determine the extent of migration of organic waste at the site. These 

data could provide the needed input for modeling studies and ootentiaJ remediation designs. In 

addition, new insights regarding vapor migration in tuff may be obtained that could be useful to 

other sites at the Laboratory. Other reports of useful data indude, for example, water inflow to 

a vadose zone boring (Test Hole 2-M) at TA-49. disoersivity experiments. and fracture mapping 

of outaops. 

There remain several unresolved issues regarding water movement in the canyon bottoms 

beneath saturated alluvium. The first step in understanding flow is to determine the water 

baJance for the system. Transpiration loss due to vegetation is the centraJ issue. Considerable 

controversy exists regarding the contribution of ponderosa pines to transpiration losses. The 

depth to water combined wittl the shaJiow root structure of the trees suggests that only 

near-surface soil water is utilized for growth. Transoiration losses from the deeper ground-water 

system would be negligible. Conversely, previous studies of ctant uptake of tritium indicate that 

substantial QUantities of tritium are present in ponoerosa pines. These unpublished data need 
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to be re-examined to determine the location of the trees sampled in relation to available surface 

water contaminated with tritium • 
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5. SUMMARY OF COMMENTS ON ISSUES IDernFIED BY THE ER PROGRAM 

The following is a brief summary of the panel's comments on issues identified by the ER staff. 

Detailed comments by each reviewer are provided in Section 6. 

ISSUE 1. Do we have enough hyarogeological data at LANL to defensibly answer pertinent 

hydfogeologicaJ questions related to the EA site cieanups (e.g .• stabilization in place)? 

There is considerable uncertainty in several aspects of hydrogeology which needs to be 

addressed. However, at a few sites such as Mortandad Canyon and T A-54, sufficient 

hydrogeological data may already be available to support some ER program decisions. Primary 

areas of concern indude the importance of vaoor and liquid transcort on mesa tops, 

characterization of perched aquifers, and radionudide uctake by vegetation. 

ISSUE 2. Is there adequate flow and transport data to defend calculation of the subsurface 

pathWay? 

Data may be sufficient only at srtes that have been characterized. such as TA-54 and Mortandad 

Canyon. Even at these sites there is uncertainty in the spatial extent of contamination, hydraulic 

prcperties, and transport processes such as colloidal mechanisms. Moreover, the quality of the 

existing water chemistry data base which could be used to evaluate pathways is considered 

deficient in several aspects (Section 2.3). 

ISSUE 3. Do we know enough about the role of fractures? 

The panel is somewhat divided on this question. On one hand, some geologic evidence suggests 

that fractures lack connectivity over great depths and fractures may provide capillary barriers to 

26 



l 
i 
1 
I 

LANL HydmgiiOiogy Panel Report 

unsaturated flow. On the other, roots and weathering patterns suggest that some fractures on 

mesa topS may be preferential paths tor infiltration. Additionally, some studies have suggested 

that greater than expected depths of radionudide transport may be attributed to fractures. OUr 

primary concern for liquid flow in fractures is in canyon bottoms where fractures in bedrock may 

intersect perched alluvium. There is lfttfe data on the role of fractures, but there is also very little 

one can do to adequately and quantitatively characterize fracture flow and transport coefficients. 

At small site scales, the role of fractures as transport pathways and their connections to regional 

pamways will likely have to be addressed tor each site individually. 

ISSUE 4. Can we defensibly model LANL hydrogeology using a porous continuum model? 

Much of the experimental and environmentaJ monitoring data suggests tnat a porous media flow 

model would be appropriate. However, porous media models should be used to predict observed 

benavior in order to validate the models and to confirm the vaiidity of the corous media approach. 

ISSUE 5. Are we sufficiently certain of ground-warer flow direction regtonally that we can know 

ground-water flow direction at a specific OU? Additionally, is there any reason to 

believe that there are local ground-water gradients? 

GeneraJly sufficient data exist to esta.biish that regional flow is to the east Local effects 

undoubtedly occur near the well fields. and it is possible that small perturnations may occur in the 

main aquifer beneath perched aquifers. Additional intormauon is required to monitor horizontal 

and vertical pathways and to confirm sources ot recharge. Mapping details of drawdown and 

'"zones of capture• around the well fields would add to the knowledge base. 

?i 
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ISSUE 6. can we defensibly state there is no ccnnection between any perched zones and the 

main aquifer? 

Existing data are insufficient to state that no perched water percolates tc the main aquifer. In 

tact. recent work at Mortandad Canyon shows that vertical transport has occurred in the Bandelier 

Tuff to at least 150 ft beneath the perd1ed alluvial aquifer. Uttfe is known of vapor phase 

transport in these areas. 

ISSUE 7. Do we know enough about gas excnange berween the subsurface and atmosphere 

as a potential ccnraminant transport pathway? 

Gas exchange has been obserVed near open shafts and borenoles. Density driven gas phase 

transport of chlorinated sotvents, tor example. may aiso be important, but has not been 

documented in the field at LANL The importance of gas transport and the characterization of gas 

---tr'ansPOr:t pathways .requires additional study. 

ISSUE S. Do we know enough that modeling as a homogeneous, steady state system 

adequately defines the system? Altematively, co we know enough to model as a non­

homogeneous, transient system? 

Except for seeping calculations, field observations and mocel studies show that some degree of 

heterogeneity will need to be inccrporated into the conceotual models of flow and transport in 

the vadose zone, in the perched aquifers. and in the main aquifer. Transient effects will need to 

be considered to simulate transport at least within perched alluvial aquifers, and in pumping 

scenarios for the main aquifer. 
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ISSUE 9. To meet ER cleanup objectives, is there sufficient LANL and/or literature information 

on retarr:Jation factors? 

Avaiiabte data are scarce, and details of experimentaJ procedures need to be published. A model 

study using existing sorption data underestimated observed radio nuclide transport Availabte data 

do not appear to be sufficient to defend ER objectives. 
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6. INDMDUAL PANEL MEMBER'S COMMENTS 

EXTERNAL HYDROGEOLOGIC REVIEW 

by 

Peter M. Kearl 
Oak Ridge National Labcratcry 

Grand Junction, Colorado 

ISSUE 1. Do we have enough hydrogeological data at LANL to defensibly answer pertinent 

hydrogeological questions related to the ER site clean ups (e.g., stabilization in­

place)? 

This is a difficult question tc answer because one can never have enough data to satisfy 

reviewers or regulators. However, to effectively address the cveraJI hydrogeology of the site, the 

·· --Aydn)geclcgic data requirements shcukl be divided into three categories: unsaturated mesa-top 

transport. unsaturated vaJJey-bcttcm transpOrt. and the regional ground-water flew system 

(inducting beth the perched and main aquifer). Models fer each of these individual systems 

should be developed as part of the overall performance assessment In many cases, it will net 

be possible to obtain all of the needed data fer these models. Assumptions that are inherent in 

the modeling precess will be necessary. Sensitivity anaiysis, a criticaJ component of the modeling 

process, can be used to assess the importance of the measured data and the appropriate 

assumptions used in the model. Based on the results of the sensitivity analysis, additional data 

may be necessary fer assumptions that have a controlling influence en model results. 

There is a great deal of hydrogeologic information available fer the mesa-tops at the lab. This 

data indudes moisture contents, unsaturated hydrauJic properties, and contaminant distributions. 

Analysis of this data indicates that fer flew en the mesa tops, vapor transport will dominate. 

Consequently, diffusive and density-driven flew should be investigated further. If contaminants 

such as tritium are capable of migrating in the vapor phase, then diffusion coefficients in a porous 
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medium sucn as the tuff should be measured. Density-driven flow is discussed in a following 

section. 

There remain severaJ unresolved issues regarding water movement in the valley bottoms beneath 

saturated aJiuvium. The first step in understanding flow is to determine the water balance for the 

system. Transpiration losses due to vegetation is the centraJ issue. There is some controversy 

regarding the role of ponaerosa pines in the amount of water used by the trees. The depth to 

water combined with the shallow root structure of the trees suggests that only near-surface soil 

water is utilized for growth. Transpiration losses from the deeper ground water system would be 

negligible. Conversely, previous studies of piant uptake of tritium indicate that substantial 

quantities of tritium are present in ponderosa pines. This data are unpublished and need to be 

re-examined to determine the location of the trees sampled in relation to available surface water 

contaminated with tritium. 

The unsaturated hydrologic cnaracteristics of the tuff also need to be resolved. Moisture 

cnaracteristic curves (pressure versus saruration) developed by TerraTek show extremely high 

moisture retention values compared with recent data. This discrepancy needs to be resolved. 

One final recommendation regarding the valley hydrogeology is the need for a deeper borehole 

in Mortandad Canyon. The depth of tritium penetration at this site has not been tully defined. 

This information is imponant because the site can be interpreted as a large scale tracer test 

Actual flow rate and contaminant transoort rates can be calcuiated using this data. Subsequent 

impacts on the undertying ground-water system can also be assessed using this additional 

information. 

ISSUE 2. Is there adequate flow and transport data to defend calculation of the subsurface 

pathway? 

This question has been acdressed in the answers to the other questions. There are still some 

items that need to be considered such as a pumping test of the regional aquifer (see regional and 
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locaJ ground-water flow question). However, if modeling is civided into three caiegories as 

recommended, there should be sufficient data to conduct flow and transport modeling and perfcrm 

the necessary sensitivity analysis. This statement assumes that existing data will be incorporated 

into the modeling data. 

This existing data inctude studies conducted on vapor transport in TechnicaJ Area 54 (see gas 

exchange question) and the u;rtak8 of tritium by plants in Mortandad Canyon. The plant uptake 

study has important implications on the water baJance issue for the vaJiey-bottom unsaturated 

modeling. Specifically, the question of whether ponderosa pine trees that were found tc have 

elevated tritium levels were adjacent to a surface water course or were they able to obtain ground 

water trcm depths of several meters or more needs to be addressed. 

The role of colloids in the transoort of immobile radionudides such as plutonium should be 

examined. Work by Penrose eta!. (1990) suggests that colloids have played a significant role 

in the transcort of plutonium in Mortandad Canyon. Recent work by LANL in the canyon indicates 

----·-that sediment transport may be resoonsibfe. This issue needs to be resolved. 

A ground water sampling program that specifically targets colloids in the ground water is a 

possible option. Samples couJd be taken using the colloidal borescope to determine the 

concentration and chemistry of the colloids. The colloidal boresccpe is a downnole camera 

capable of viewing colloidal-size partides. When used dunng the samoling, the borescope 

ensures that representative partides are sampled. 

ISSUE 3. Do we know enough about the role of fractures? 

Fully understanding the role of fractures in transporting contaminants at the site is difficult if not 

impossible. A great deal of research has focused on the subject. and presently there is no widely 

accepted methodology for handling fractures. Experience at the site indicates that fractures may 

provide preferential pathways but only for short distances. Cooling fractures are the dominant 

type of fracture at the site. These nng-type fractures tend to be limited to individual flow units . 
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For regional tectonic fractures, nonwelded units would tend to mend these typeS of fractures. A 

notabie exception would be the large fault zones such as the Pajarito and Watsr Canyon fault 

co~xes. 

Consequentty, fractures would influence short distance transport. Fractures may inhibit the 

movement of liQUid water by forming capillary barriers. Moreover, fractures do not provide a 

continuous interconnected pathway that would enhance contaminant transport. Therefore, a 

porous continuum model with the appropriate assumpnon stated is a reasonable approach for 

modeling unsaturated flow in the system. 

ISSUE 4. Can we defensibly model LANL hydrogeology using a porous continuum model? 

For the regional ground-water flow system, there are no other viable options. Considering the 

sedimentary composition of the regional aauiter, a porous continuum moael is the cest choice. 

To assess the role of fractures would be diffiaJit if not impossible. The cost of gatheling data to 

characterize the effect and extent of fractures in controlling the flow of ground water would be 

prohibitive and the data of questionabie value. The modeling approach previously recommended 

(see response to Issue 1) would be a more realistic oction for developing defensible models at 

LANL 

ISSUE 5. Are we sufficiently certain of ground-water fiow direction regionally that we can know 

ground-water flow direction at a specific OU? Additionally, is there any reason to 

believe there are local ground-water gradients? 

Additional work is necessary to provide an adeauate understanding of the ground-water flow 

system at the site. It is important to develop a comprehensive understanding of the regional 

ground-water flow system and use this understanding to assess local ground-water flow 

directions. It would be expensive and of little vaiue to charactelize the ground-water flow system 

beneath each individual OU. 
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Prior to disclrssing a phased approach to characterizing the ground-water flow system, 

consideration should be given to conducting a large scale pumping test of the main aquifer. An 

existing pumping well can be used, but it may be necessary to drill at least one observation well. 

This test is needed to determine the storativity of the main ~uifer. Additional data on aquifer 

transmissivity would aJso be useful. Data from the pumping test could be extrapolated to other 

wells based on comparisons of individual well specific capacities. 

Because of the magnitude and cost of characterizing the regional ground-water system, we 

recommend a phased approach that could be terminated wtlen sufficient data for characterization 

purposes have been collected. One of the first steps in this phased program would be a sampling 

program to determine the relative ages of the ground water. Selected wells should be sampled 

and analyzed for the appropriate isotopes. This aata should be compared with regional ground­

water flow macs to assess the level of understanding regarding recharge and discharge areas, 

ground-water flow directions, and interconnection of percned ana main ac;uifer zones. If there is 

good agreement, it will then be possible to incorporate reasonaole assumptions into the ground-

---Water.mocteling effort. Subsequently, it will not be necessary to continue to collect field data for 

the ground-water characterization program. 

ISSUE 5. Can we defensibly state there is no connection between any perched zones and the 

I main aquifer? 

I 
I Based on a review of the available geotechnical literature. there is insufficient data to determine 

j the connection between the percned zones and the main aquifer. The perched aquifers have not 

been ciearty delineated. To address this problem, we have recommended that ground-water 

isotope studies be conducted at the site. These studies would consist of selected sampling of 

I 
representative wells completed in the perched zones and the main aquifer. Appropriate isotopes 

would be anatyzed to determine the relative ages of the ground water. Additional work would be 

based on the results of the age dating. 

' 
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ISSUE 7. Do we know enough about gas exchange between the subsurface and atmosphere 

as a potsntiaJ contaminant transport pathway? 

Atmospheric pressure fluctuations are not a major influence in the transport of subsurface 

contamination. Gas flow observed in wells at the site is due to the existence of the wells. As 

barometric pressure d1anges relative to the soil atmos;:ilere pressure adjacent the well screen, 

air flows through the well casing in response tc the pressure differential. This flow is rapid 

because the well provides a patttway that has a cermea.bility approaching infinity. Where a well 

does not provide this pathway, calculations indicate that the deep subsurface gas flow in 

response to barometric pressure changes is minimal. Recent discussion with Ed Weeks of the 

USGS, an expert on air flow in tuffs at the Nevada Test Site. support this conclusion. 

A more important transport meatanism that neeas tc be addressed is the density-driven flow of 

dense· contaminant gases. In particular, dense chlorinated sotvents, such as those disoosed of 

in TA-54, have the potential to move significant distances. Falta et al. (1989, ) calculate 

the maximum downward gas pore velodties for gas sa11Jrations at 0.75 in a porous media with 

an intrinsic permeability of 1 x 10"11 m. Permeability measurements conducted in the Bandelier 

Tuff are comparable to this value. For chlorinated soivents such as trichloroethylene (TCE) and 

1,1, 1 trichloroethane (TCA), maximum downwarc velocities were estimated at 0.63 and 1.08 mid. 

In Area L at TA-54, liquid sorvents were disposed of in 2Q-meter deep shafts drilled into the 

Bandelier Tuff. After disposal, these liquids migrate into the tuff under capillary forces until 

residual saturation values are reached. These soivents then begin to evaoorate, forming dense, 

chlorinated-soivent gas plumes. Directly adjacent to the residual liquid sotvents, the gas plumes 

would approach saturated vapor conditions where total gas densities for TCE and 1,1, 1 TCA are 

1.58 and 1.87 kglm , respectively. These densities compare with soil air of 1.17 kglm at 1 atm 

and 25°C. 

In 1986, Bendix Field Engineering conducted an investigation of TA-54 (Keart et al. 1986, 0135). 

As part of this investigation, soil-gas sampling ports were installed at various locations and depths 

across the site. Additional sampling ports were installed by LANL the following year. It is our 
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understanding that LANL has been actively collecting chemica! data from these soil-gas sampling 

ports tor a number of years. Apparentty, this data has yet to be published. It is important that 

these data be evaluated to determine the extent of migration of organic waste at the site. These 

data could provide the needed input tpr modeling studies and potential remediation designs. In 

addition, new insights regarding vapor migration in tuff may be obtained that could be useful to 

other sites at the Laboratory. 
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EXTERNAL HYDROGEOLOGIC REVIEW 

by 

Roger W. Lee 
· U.S. GeotogicaJ Survey 

Austin, Texas 

I have studied the many reports of investigations in the vicinity of Los Alamos National 

laboratories and found the work tc be thorough ana most of the objectives of the studies to have 

been met. The group of investigaters have done a noteworthy job of data gathering and 

interpretation to meet environmental concerns and to advance the understanding of hydrologic 

. and geologic phenomena in the region. I have attempted to identify areas where problems or 

uncertainty exist. It is not my goal to be judgmental, but to point out technicaJ weaknesses in 

order to improve what has been done as well as to prepare tor future work. Technical problems, 

however, were few, which credits the many investigators of environmentaJ concerns in this region. 

In my part of the review of activities to delineate ground-water hydrology and geochemistry of the 

area below and surrounding the Lcs Alamos National laboratories, I will address three specific 

areas and efforts to deUneate geocnemistry and contaminant chemistry tor those areas. The 

areas inciude the 

• site specific work for disDosaJ areas C, G, and L. 

• unsaturated zone pore fluids and perched water in Canada del Suey, Pajartto Canyon, 

and Mortandad Canyon. and 

• the geochemistry of the main aquifer for this region. 

I understand that I should consider validity of work reported and current, and recommend some 

direction for furttler work as necessary. 
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SITE SPECIFIC WORK AT AREAS G AND L 

Principal References 

1. Hydrogeologic assessment of TA-54, Areas G and L. LDs Alamos National Laboratory 

(Docket No. NMHWA001 007). 

2. Radiochemical analyses of sampies from beneath a solid radioactive waste disposal pit 

at LDs Alamos, New MexictJ. LA8422-MS, informal report, 1980. 

3. Geohydrology of Bandelier Tuff, LA8962-MS. 1981. 

Review of reports dealing with areas C. G. and L. pnnctca.J disposal sites of T A-54, LANL. was 

- -~- generaJiy favorable. to approaches. discussions, and condusions. Investigations of transport of 

radionuclides from pits into underlying rocks or overourden revealed significant transport only of 

tritium from disposal areas in moisture as HTO, or in the vapor phase. Although tritium 

concentrations were measured. no attemp1s were made to determine long-term flux. The flux of 

tritium across the air/soil interface to the atmosphere is significant, and should be studied for 

changes in tritium concentrations in local precipitation. Complete models of tritium cycling in the 

locaJ hydrologic cycte from the sources to atmosphere, soil moisture, surface waters. and ground 

waters would be of considerable interest 

There appears to be a lack of data on tritium in local rainfall and surface water. There also does 

not appear to be any chemical data on effluent discharges. rainfall, or surface water. These data 

would add to the understanding of sources of constituents in ground waters under investigation. 

Other man-made radionudides present in waste areas were shown as static, with no indication 

of significant movement from disposal areas. Area C indicated some presence of americium, 

plutonium-238. and plutonium-239 in soil cores. An apparent downward gradient indicates that 
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these rasutted tram spills at the surface during disposal operations rather than movement from 

the disposal pit 

Projects have been conducted tc identify and determine transport cf ether contaminants at 

disposaJ areas, specifically Areas G and L Area G has received wastes since 1957, containing 

low-level radioactive materiaJs. asbestos. beryllium residues. pestidde cans, PCB-ccntaminated 

wastes, and solid trash contaminated with suspected cr known carcinogens. Many cf these 

contaminants are volatile organic compounds (VOC). Study shews that no metal contaminants 

are present below 20 ft depth. VOCs, however, are present up tc 1 00 ft depth near disocsaJ pits. 

VOCs detected were principally 1,1, 1 trichloroethane (TCA). Owing tc the generaJiy unsaturated 

conditions in the snallow subsurface, much of the VOC is contained in the vapor phase. and mere 

likely tc be transported larger distances by vaoor phase precesses or gravity (denser vapor than 

unsaturated zone gases). 

Area L has been used since 1964, and contains mostly chemicaJ wastes. Solvents are mostly 

VOCs such as methyt ethyl ketone, acetone, methylene chloride, and TCE. These are present 

in pore gases ot the unsaturated zone up to 1 00 ft depth in the area. 

Sample handling has been fully appropriate as described. and analytical procedures and detection 

limits are aJso fully acceptable fer VOCs. Description of 2-pentanone in background core hole 

LLC 85-13 as cress-contamination in sampling procedures is likely the correct concusion. 

Design, sampling. and descriptions of results of pore gases are fully appropriate. and show clearly 

that VOCs are moving from the dis;losal shafts into the unsaturated zone. Further effort should 

be made to determine the dynamics of transport in order to assess risk to ground-water 

contamination. Some determination of whether any of the VOCs are being degraded either 

chemicaJiy or biologically should be made as well. 

Chemical analyses of pore fluids should be done to determine chemical evolution in the direction 

of ground-water movement in the unsaturated zone. Methods are available to extract fluids from 

relatively dry rock and should be utilized in investigations at the Los Alamos sites. 

- ._ .. _":f· ..•. ~:: 
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UNSATURATED ZONE HYDROLOGY AND PERCHED WATER CHEMISTRY 

None of the investigations of hydrojogy have adequately measured flow or chemistry of effluent 

reteases and runoff in the canyons. Descriptions of runoff do not indicate whether discharge 

actuaJiy leaves the canyons and reaches a confluence with any other streams or rivers. This 

infonnation is important as both a transport pathway and part of the hydrologic budget. and aJso 

in quantifying source tenns tor possible contaminants. Further work in thess canyons should 

indude surface-water monitoring of discharge and chemistry of effluent 

Princpa/Refemnees 

1. Hydrogeologic assessment of TA-54, Areas G and L. Los Alamos National Uboratory 

(Docket No. NMHWA 001007). 

2. _ ~Extsnt. of. .Saturation. in Mortandad Canyon, Las Alamos National Laboratory -

Environmental Restoration. LA-UR-91-1660, 1991. 

canada del Buev 

The work here was not fully satisfactory. The tact that shaJlow wells in the alluvium did not 

receive water does not necessarily mean that water does not move through the sediments as a 

result of infiltration of storm runoff waters or snowmelt. More sophisticated techniques for tracking 

infiltration should be done to determine the amount of water moving through the alluvium and its 

route(s). Use of porous cup lysimeters or perhaps more frequent monitoring of wells, especiaJiy 

after stonns or during extensive snowmelt. may be more productive. 
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Pa!artto canyon 

Perched water does exist here. CoUection of samples using a brass bailer (Ref. 1 ) is not typica1, 

but probably acceptabte. Collection of radionuctides and VOCs was acceptabte. Filtration and 

acidification of samples for cation anatyses shoutd be done in the field. There was no indication 

of wnether pH was measured in the field. Presentation of major cation and anion data as stiff 

(Ref. 1) diagrams was not well done. There was no indication of units or the canter line of zero 

concentration on the stiff diagrams. Radiochemica1 data address dlinking-water standards, but 

no discussion of the significance of the reported concentrations, such as 3200 pCi/L of tritium, 

or other radionuclides was presented. No exptanation was given for •negative activities• of some 

radionuclides. Chemica! data reported tor major cations and anions contains no discussion of 

quality assurance, for example, cation-anion baiance. 

It is also apparent that littie attempt has been maae to charactelize flow or cnemistry of runoff in 

either of these two drainages, except to show that oveliand flows for the period of record were 

lost to aJluvial sediments before reaching their respective canyon mouths. 

Mortandad canyon 

This canyon is unique in that it has received NPDES wastewater discharge since 1963, which has 

developed a perennial flow in the stream channel, above perched alluvial water. 

Investigation of the hydrology of this canyon (Ref. 2) addressed a multitude of issues relating to 

possible contaminant transport in this area. Tritium was described as moving with the water 

molecules, but not acknowledged to undergo isotopic fractionation due to its greater mass. This 

should be acknowledged as evaporation and vapor phase movement of the tritium isotope does 

occur, although analytica1 sensitivities are insufficient to show the fractionation effects. 

An aqueous ionic complex tor plutonium is described on p. 29 (Ref. 2) without reference. This 

needs some elaboration or explanation. 
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Numerous data collection and reporting errors were ot)Served in Ref. 2; for exampte, no HCO,, 

pH, conductivity, or NO, were reported. Concentration units are mixed with mg/1. and JlQIL in 

Table 6.2.1-IV, and not adequately identified. The chemical profile of unsaturated zone liquids 

and gases would be of sjgnificant use (for exampte, carbon-14 in COJ to characterize chemical 

gradients that should confonn with liquid or gaseous circulation patterns. Isotopic data (0 and 

18-0) would aJso help characterize water chemistry and deep circulation of fluids. Leachate 

chemistry reported from the EP-toxicity methods is of some use, but limited due to added 

dissolution of the tuff matrix and tack of anion anatyses. These chemical data dO not meet 

geochemical goals of determining vertical fluid movement. chemical gradients, or even the role 

of fractures. Tritium activities were low in cores from the base of the Tshirege Member in MCM 

5.1 and MCM 5.9. This shouid be related to physical properties of the core at those intervals in 

. future work. The tritium profile (and c-14 age in C02) should be tracked through the entire 

unsaturated zone down to the main aquifer in several new core holes. 

MAIN AQUIFER 

Princiole References 

1. 

2. 

Hydrogeologic assessment of TA-54, Areas G and L. Las Alamos National Laboratory 

(Docket No. NMHWA 001007). 

Hydrologic Characteristics of the Main Aquifer in the Las Alamos area: Development of 

ground water supplies. UC-11, 1984. 

Chemical data reported for wells and springs are inadequate tor determining other than minimum 

drinking-water standards. Numerous errors such as cation/anion balances, specific conductances, 

alkalinities (no CO, reported when pH exceeds 8.3), were detected in chemical data reported by 

Purtymun {1984. 0196). In addition, several significant chemical constituents have not been 
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anatyzed: for example, boran, dissolved oxygen, aluminum, potassium, and sulfide. No 

cation/anion baJance has been done. Conductivities appear to be in error for much of the data. 

No indication of pH values were determined in the field. Alkalinities reported as HCO, at pH 

greater than 8.3 should include some CO,. but have been shown to be zera tor analyses of wells 

and springs. Because carbonic acid is a diprotic acid (H:CO:J, it can dissociate to HC0,(-1) and 

CO,( -2) over the range of pH of natural waters. Thus, the measurement of alkalinity by titration 

has two endpoints. at pHs of 8.3 and 4.5. At the former value, CO, becomes less than 1% of 

the total inorganic carbon, and most of the alkalinity is HC~ {see Figure 3). For pH greater than 

8.3, a substantial amount of CO, is present in the solution and a concentration should be 

reported. 

Chemical maps showing distributions of solutes can be precared and aqueous chemistry can be 

determined using equilibrium thermoaynamic models such as WATECF, SOLMINEO. or MINTEQ. 

However, more complete chemical anaiySes and field parameters must be better determined. 

Subsequent investigations should consider adding cnem1cal parameters, stable isotopes C-13, 
c 

D & Q-18, N-15, and S-34, and radioisotope camon-14 in order to get relative and absolute ages 

of ground water. If C-14 ages are to be determined in future investigations. then geochemical 

mass transfer modeling must be dOne in oraer to adjust raw age determinations to account for 

dilution of the camon-14 at recnarge. If chemical mass balance for these graund waters includes 

precipitation or dissolution of camonate minerals. some correction is required. as well as 

measurements of carbon-13 for the various phases present in the system. Accurate assessments 

of camon-14 ages can also be used to determine regional ground-water flow rates. For ground 

water older than about 40,000 years. Cl-36 dating may be more appropriate. 

RECOMMENDATlONS TO IMPROVE CHEMICAl. DATA FOR DATABASE AND 

GEOCHEMICAL INTERPRETATlON 

Chemical data collected for various investigations have been adequate for drinking water 

standards or for environmental regulatory concerns as needed. However, much of the chemical 

data is incomplete and lacking prcoer quality control of the reported results. Improvement in data 
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collection, reporting, and documenting methods and handling should be implemented and 

maintained throughout any project work. Reliable data should be entered into a database with 

o1tler hydrologic information and perpetuaJiy maintained tor future investigations. 

The first significant use of chemical data will likely be geochemical mass transfer studies along 

flow paths in the main aquifer, perched aquifers, and the unsaturated zone. Such projects will 

require both reliable data. and more complete sets of cnemical parameters tor each site sampted. 

Stanaard procedures tor sample collection. field analytical tecnniques, and review of results 

should be required and documented for any nydroiogic investigation. Procedures are routinely 

available through EPA and U.S. Geological Survey, Water Resources Division to accomplish 

these quality assurance objectives. Several asoeas of this goal should be considered. 

1. Extend Parameter Usts to be Comctete 

Chemical analyses of water samotes snould be complete, containing all the parameters 

of interest required for a geochemical intercretation. A basic analysis should consist of 

calcium, magnesium. sodium, potassium, iron. manganese (major cations), bicaJiJonate, 

carconate. chloride, sulfate, fluoride (major anions), nitrate, phosphorous, organic cart:lon 

(nutrients), silica. and field parameters of pH, temperature. specific conductance, alkalinity, 

and dissoived oxygen. In addition. aluminum, lithium, barium, strontium, boron, arsenic, 

and any other solutes deemed significant for an investigation should be added. This will 

provide the principle data set for determining quality of the data. and most geoctlemicat 

interpretative methods. 

2. Field Methods and Anatvses 

Field methods should be established according to procedures of EPA or USGS, consisting 

of proper sample treatment (filtration, acidification, preservation, and handling). Field 

analyses should also follow stancard procedures and be adequately documented. 
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3. Use Quality Assurance/Quality Control Methods 

OA/OC procedures sho!Jid be ernpioyed in any investigation or monitoring such that 1 0-

20% of the samples be duplicates, blanks, spikes, and splits. These will permit 

assessment of sampiing errors and lab errors inherent in the sampies as collected and 

analyzed. 

4. Review Analvses as Received 

This important step should be carried out in order to reauest reruns by the lab or to coiled 

resamples if necessary. Checking of the comolete anatysis for validity can be done 

severaJ ways. The cation-anion baiance is one of the easiest methods. In water 

anaiyses, the dissolved cations and anions should baiance according to the equation 

Z = sum mea cations - sum mea anions • 1 00 
sum meq carrons • sum meq aruons 

(1) 

· This assesses gross analytical errors:-Stanoarcs -tor-analytical data are such that an 

acceptable analysis is -5% > Z < 5%. For sarncles containing low concentrations of 

dissolved solids(< 100 mg!L), 10% may be consi:iered acceptable. Many of the analyses 

reported in existing literatUre of the main aquifer and tne perched aquifer were in excess 

of 10%. 

The sum of major cations, anions. and nutrients. with a correction for the bicart:lonate and 

caz1:)onate should be nearty equal to the dissolved solids concentration measured in the 

laboratory, within 5% error. If not. then an anatyticaJ error for one or more solutes, an 

analytical error for the dissolved solids measurement. or an omission of a significant solute 

or solutes in the analysis has been made. Further analytical work is requirec to produce 

a reliable result. 

Dissolved solids and specific conductance should be related by 
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Disscived Solids [mg~ = (0.7 to 0.9) • Specific Conductance ~em] {2) 

In some of the anaiyses reported, this criterion was not met Any interpretation relying on 

conductivity of the sarnpte Would be incorrect. Further, the reviewing analyst should look 

tar anomalously high or low results tt1at appear in the anatyses, or that exceed statistical 

limits based on QA procedures and experience with data from the area. Reruns should 

be requested or resamcees taken tc rectify unusual or bad results as appropriate. 

5. Data lntemretations 

Use of certain interpretative metnocis should follow some technical guidelines for 

presentation. Stiff diagrams are not imerpretable without proper explanations of scales 

as observed in the IT Corp. document Other methods of recommended interpretation 

indude distribution maos showing particular chemical constituents or ratios, piper 

diagrams, statistical methods, regression analyses, graphs, or aqueous geocnemicaJ 

models. If a reliable atemical datacase were available, these methods could be applied 

.. tor interpretative use. and will likely oe appiied in future studies. 

6. Documentation 

Data collection notes. handling, oescription of methods or references, and summaries of 

QA statistics should be made available as a separate publication or in appendices to the 

body of any reports on the investigation. Reliable chemical data should be handled in a 

computer database where selection and production of interpretive graphics, statistics, or 

other procedures may be easily accomplished. Any new chemical data gathered should 

be reviewed, entered and verified. and the database shouid be maintained in perpetuity 

tor the area. 

RECOMMENDATIONS FOR PROJECTS AT lOS AlAMOS NAT10NAllABORATORIES 

Based on my assessment of present understanding of hydrology at the Los Alamos National 

Laboratories, and feedback from fellow panei memoers and Los Alamos technical staff, I feel that 
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.two major regional-scaJe projects. and several smaller scale projects should be developed. These 

projects should serve to organize existing information. determine new data needs, answer many 

of the questions regarding hazardQus materials stored at various sites, and assess the risk of 

contamination to ground-water supplies. The regional projects should address the hydrogeology 

and geochemistry of the main aquifer, the perdled aquifers and the unsaturated zone. Several 

smaller projects would acXiress sudl phenomena as variable-density, two-phase (liquid/vapor) 

transport in the unsaturated zone, role of colloids in transport. deep tritium circulation at specific 

sites, sorption of radionudides. role of fractures in contaminant transport at specific sites, and 

others. 

1. Reoional Hvdrogeoloov and GeochemistrY of the Main Aouifer 

The purpose of this project is to provide a thorough hydrogeologic and geochemicaJ 

understanding of the mam ~uifer undenying LANL The scope of the project would 

involve organizing existing hydrologic and cnemicaJ data into a reliable database, 

development of a digital model of ground-water flow, presenting chemistry, chemical 

processes, mapping distributions of solutes in the main aquifer, and producing 

geochemicaJ mass transfer models of the main aquifer. This integrated approach should 

provide vaJues tor recnarge, storage, ana discnarge of the system.as well as provide 

hydrogeologic information that will be usetul in the assessment of risk of contamination 

from overtying land use activities. ReCharge from deeper geothermal systems can be 

assessed quantitatively, with better understanding of the source of arsenic, presently 

thought to originate from deep geothermai waters. 

This project would use a complete hydrologic data base. digital simulation of ground-water 

hydrology, and geochemicaJ mass transfer modeling ot chemical processes occurring 

along ground-water flow paths. New test wells in the main aquifer along with new cores, 

hydraulic testing, and new, more compiete geochemicaJ samples tor analyses and 

interpretation would be added to the extensive information already available. In addition 

to chemica! data, stable and radioisotooes can be used to verify hydrologic and 

geochemical processes modeled, as well as determining age and flow velocities of ground 

water. 
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2. Regional Investigation of Hvdrotogy and Geochemistry of Perched Aauifers and the 

Unsaturated Zone 

The purpose of this project is to determine the nature of water movement between the 

land surtace and the main· aQUifer undertying LANL as well as the chemistry of pore fluids 

contained in the unsaturated zone. The sccpe of such a project would be regional, 

dealing with the complete hydrologic budget tor the area. inctuding flow and chemistry of 

surface water, effluents, and rainfall. 

The project would require collection of cores from land surface on the plateau and in the 

canyons, down to the main aquifer. Cores would be characterized according to hydraulic 

properties, water content, and chemistry and isotocic composition of pore fluids. Use of 

water extraction methods developed at the Yucca Mountain Site by USGS {triaxial 

compression), or centrifugation can be usee tor cnemistry and isotocic data. In addition, 

test holes could be tnoroughly analyzed tor oorenole geophysics. hydraulics, vapor phase 

movement. chemistry, and isotoces, moisture content, and any other tests pertinent to 

delineation of fluid movement or transport of contaminants across the unsaturated zone 

or the percned acuifers. Modeling of movement of fluids (water or vapor) through the 

unsaturated zone could be accomplisned tor credictive purposes. Knowiedge of surface­

water hydrology, both the amount of flow and the chemistry, is important for the hydrologic 

budget of the region and a knowledge of the chemistry of sources of recharge. In some 

cases, perennial flow in canyons results from effluent discharges, whose chemistry must 

be known to determine chemical processes occurring in the percned acuifer and in the 

unsan.trated zone. Also, evapotranspiration must be determined to complete the 

hydrologic budget Understanding the hydrology of the perched aquifers and the 

unsaturated zone will allow risk assessment of potential contamination of the main aquifer. 

3. Smaller Scale Proiects 

Several small scale projects are needed to address site-specific questions or to provide 

results to assess the potential for contamination of ground water or surface water. The 

following list of projects are some of the more substantial efforts needed: 
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a. Modeling of two phase vanme density flow in unsaturated tuff. 

b. Sorption and role of colloids in transport of heavy radionucUdes. 

c. Significance of fractures as conduits tor transport of organic molecuJes and 

radionudides in the Bandelier Tuff. 

d. Sources, distribution, transport. and deep circulation of tritium in air. water, and 

rocks in the vicinity of Los Alamos National Laooratories. 
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EXTERNAL HYDROGEOLOGICAL REVIEW 

by 

Daniel B. Stephens 
Daniel B. Stephens & Associates, Inc. 

Albuquerque, New Mexico 

ISSUE 1. Do we have enough hyarogeological data at LANL to defensibly answer pertinent 

hyarogeological auestions related to the ER site clean ups (e.g., s&abilization in­

place)? 

There are many sites tor which existing hydrogeoiogic data may be adequate to design and 

implement corrective measures. These sites include ones where either detailed site-specific 

studies previousty have been conaucted (e.g., parts of Mortandad Canyon), or where the 

impacted soil at the SWMU will be excavated to background conditions ana no long-term 

predictions otpost-dosure performance are necessary. Examptes of the latter SWMUs potentially 

could include some of the comestic septic tanks and firing ranges. 

For those sites where corrective measures include in-place stabilization (e.g., capping, 

vitrification), pericrmance assessments to support the designs may require additional 

hydrogeologic information. It is likely that mathematical modeling of flow and transport will be 

required for the vadose zone and the main ~uifer. The subsurface flow paths from the source 

to the receptor will be influenced by spatial variability in hydraulic properties and the type and 

spatial distribution of the waste source (e.g., proximity to mesa or canyon, point or diffuse source, 

head of liquid at source). The travel time along the vadose zone flow patti will depend mostly on 

the recharge flux through the soil and cover materials and/or the retardation factors. 

It does not appear that site specific data are available on naturaJ recharge rates in either the 

mesas or canyon bottoms. There have been numerous estimates of recharge, but these vary 

widely and in most cases are not based on field measurements. Depending upon local site 

conditions, naturaJ recharge could occur by either porous or fracture flow, or both. Fracture flow 
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will be very important where perched aquifers overty deepty fractured tuff and where ponded 

rainfall or snow mett occur on bedrock with open, deep, connected fractures or joints. The 

corrective measure should be desjgned so that significant. rapid fracture flow does not occur. 

Maps of fractures and joints are not available at most ER sites. 

The fracture pa1trWayS are a1so relevant to vapor transpOrt of tritium and volatile compounds. The 

rates of vapor advection in the vadose zone are controlled mostly by the barometric pressure 

fluctuations on the mesa tops and canyon waJis, and the reck oermeability to air, especially of the 

fractures. There are no field data available to assess the imoortance of naruraJ vapor transport 

in the porous and fractured media, but some field information and generaJ observations suggest 

this pathway may be important For example, a numoer of well casings in the Los AJamos area 

are reported to transmit significant volumes of air between the vadose zone and atmosohere and, 

in tact. we visited one of these wells in Mortandad Canyon (TYV-8). Purtymun et al. (1974, ----' 

measured air transfers at test holes DT -1 0 and Alpha. and they noted that ·though the 

phenomenon (of air transfer in wells and unsaturateo media) is well known, little effort has been 

made to determine volumes, rates, and pressures at which the air transfer takes place.· In the 

canyons, Abeeie et aJ. (1981, 0009) identified stable thermal stratification as an inhibitor of vertical 

mixing of tritiated water vaoor. However, they aiso noted that strong cross-canyon winds or 

unstable atmospheric conditions could cause mixing and transport of tritium vapor from canyon 

bottom to mesa top. Not only is this vertical transfer a potential source of tritium input to me land 

surface at ER sites, it is po5Sttlle that air pressure variations along the canyon walls may also 

influence the excnange of gas between the canyon walls and vadose zone beneath ER sites, 

especiaJiy via interconnected fractures and joints which are highly permeable to air. This type of 

contaminant transport, atthough prooably very minor, has not been evaluated, but could have 

significance to the corrective measures designs and short-term monitoring at remediated sites. 

A very preliminary assessment of gas-pressure gradients in the vadose zone was conducted at 

TA-54 for about two months in 1985 (BFEC 1985, ); however, little definitive results were 

obtained at that time. 

Tritium transport was investigated near shafts at Area G, TA-54, as reported by Rogers (1977, 

0216). Field drilling and samciing snowed tritium migration after 4 years about 40 tt vertically 
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beneath a shaft and about 1 05 ft west of the shaft. The horizontaJ path was along a contact 

between ash flow units where pumice and reworked tuff were relatively abundant ONing to the 

relatively low moisture content (0.1 to 6.4% by vo!ume), it was believed that tritium transport 

occurred mostty by water vapor diffusion; however, no studies were done to confirm the relative 

importance of vapor and liquid transport. Maps iUustrating the shape of the tritium plume suggest 

that some liquid transport due to gravitational and caoiJiary forces may have occurred. 

The hydrogeologicaJ characteristics of the percned aquifers are not well known. It is the local 

perched aquifers in alluvium and shallow bedrock which appear to be the first aquifer beneath the 

site. Basic hydrogeologic data on the areal and vertica1 extent of the perched aquifer is available 

only in Mortandad Canyon (Stoker et al. 1991, ). Perched aquifers occur in other canyons, 

as described previously in Section 2 and as discussed by Devaurs and Purtymun (1985, 0049); 

however, we know littte about their source of water, geometry, water level fluctuations, nature of 

perching layer, hydraulic conductivity, effective porosity, hydraulic gradient. leakage to underlying 

units, evaporation losses, and uptake of percned water by vegetation. There is insufficient 

--hyarogeologic data currenUy availabte on the percned aquifers to make defensible quantitative 

assessments of risk for this sucsurtace flow pathway. This tr"anS;)ort pathway can be rather rapid. 

For example, in the percned alluvial aquifer at Mortanaad Canyon, Purtymun (1974, 0192) 

reported tritium moving at a rate of about 20 mid in a sandy zone of the perched aquifer. 

Percned aquifers also discharge, at least in part. to sorings in the lower portions of Pueblo and 

Los Alamos canyons, where potential contaminants could reacn receptors. Because this transport 

pathway is relatively rapid and dose to the potential sources. characterization of hydrogeological 

properties ot perched aquifers will be very relevant to ER remedial designs at many SWMUs. 

The source of water in the three well fields which tap the main aquifer is important to the ER 

program if long-term performance assessments of individual operating units are required. For 

example, if nearty all pumped ground water is derived from recharge on the Pajarito Plateau, then 

potentia! contaminants from the operating units will not be mixed and diluted to any significant 

extent with other water. Sources of mixing outside the plateau include ground water from east 

of the Rio Grande, ground water from the Valles Caldera, and stream flow depletion from the Rio 

Grande. 
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A proper formulation of a hydrogeologic conceptuaJ model is even more important if one must 

consider the collective impact to ground water from all the ooerating units. Runoff or seepage 

from the different operating units within a drainage basin probably is blended in the canyon 

bottoms. The deep ground-water flow paths beneatn some of the different operating units 

probably converge at the weu fields or discharge to the Rio Grande. In some instances. there 

may be lateral pathways across OU boundaries of vapor or tiquid transport in the vadose zone. 

ConsequenUy. the performance assessment of one operating unit alone may not predict adverse 

impacts, whereas the sum of impacts from all the operating units will undoubtedly be much more 

problematic. The ER group is tc be commended fer designating the canyon bottoms as a single 

operating unit. However, it must be realized that not all subsurface pathways from mesa tcp 

waste sites wiU lead to canyon bottoms. 

The importance of hydrogeologic information to the E.=1 program is critically dependent upon the 

time scaJe of interest For time scales typical of landfill dosure requirements of about 30 years, 

travel distances are short. conseauentty, we wouid be much more interested in the shallow 

vadose zone perched aquifers. On the other hand, if travel times of 1000 or 1 0,000 years are 

of interest then the hydrogeologic characteriZation of the deeo vadose zone and main aquifer are 

much more important There should be a dear poiicy statement from the ER program, regulatory 

guideline, or DOE order regarding the time of interest tor the various waste types (radionuciides, 

volatiles, inorganics). Wrthout resolution of the time aomain issue, we do not know what spatial 

data are needed and one cannot property design a remedial action program. 

ISSUE 2. Is there adequate flow and transport data to defend caicuiation of the subsurlace 

pathway? 

There is adequate data to characterize flow at only a few operating units where rather detailed 

field investigations have been conducted (e.g., TA-54 and Mortandad Canyon). In general, the 

existing subsurface investigations are limited to the upper 1 00 to 200 ft of the vadose zone. The 

assessment of available data as adequate is based on the assumption that there is no deeper 
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path tnrcugh tne vadose zone. If deep pathways exist. then deeper site characterization of 

hydrogeologic conditions would be required. 

There is potentially a significant cost savings in hydrogeologic data acquisition that could be 

realized if it can be established that hydrogeologic conditions at well characterized sites are 

simiiar to those at sites where much tess data are available. At first glance, it appears that there 

is a substantiaJ uniformity in hydrogeologic properties within major geologic units. However, 

geostatistical analyses have not been conducted to confirm this. Availabte data in scattered 

publications appear to be insufficient tor such analysis of spatiaJ correlations: nevertheless, aJI 

avaiiable hydrogeologic data shcuJd be compiled in a single document in a convenient form tor 

this and ether purposes, such as modeling. VJSuaJ inspection of fractures in outcrops and limited 

quantitative analysis suggests that fracture characteristics en mesas are quite variable laterally 

within geologic units, prooably due in large part to variability in welding of tuff (Ken Wchletz 1991, 

LANL. personaJ communication). If degree of welding varies laterally, there could be significant 

variability in important hydrogeciogic procerties as well. It may be feasible to develop a 

. -·correlation between relatively easy to ataracterize index properties such as degree of welding and 

more difficult to quantify hydrogeologic or hydrogeochemical characteristics. 

An issue related to defense of the adequacy of the available data is its quaJity. It appears that 

the existing hydrogeologic data (e.g., water level eievation, well logs, aquifer tests, hydraulic 

properties, well discharge, spring flows) have not been compiled onto a single data base and 

evaluated through a comprehensive OAICC audit For example, wellhead casing elevations must 

be determined by a first order survey, wells must be tied to a common grid coordinate system, 

and inorganic chemicaJ anaJyses of water must be checked tor ion balance of hydraulic properties. 

There aJso may be inconsistencies in existing data sets (e.g., Mortandad Canyon and TA-54) that 

may be attributed to differences in analytical methods. Sources of bias must be evaJuated and 

eliminated where practicaJ with respect to the ER program data needs. 

Some transport data apparently are net sufficient to defend caJculaticn of the subsurface pathway. 

These inciude field dispersivity and sorption characteristics tor radicnuclides and organics en 

representative geologic units which may exhibit variable degrees of saturation. It is also likely that 
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some of the organic compoundS may be abioticaJiy or biologically transformed by precesses 

whose decay coefficients ("haJf-livesj have yet to be quantified at W\NL These transport data 

ptay secondary roles to hydrologic data (e.g., hydraulic conductivity fields) in predicting the flow 

pathways. The transport data are, however, very important in predicting travel times and 

breakthrough concentrations aJong the pathways. Dr. Robert Rundberg with INC-11 at LANL has 

indicated to the panel that dispersivi1y data are in tact available for LANL matariaJs; however, 

there is no published information to date. 

The role of colloidal transport is also highly relevant to performance assessments. Most recenUy, 

attention has been focused mostty on colloid transport in surface water. However, colloidal 

transport should be considered at least for transport in the perched aquifers. A model study by 

Travis and Nutall (1984, ) showed colloidaJ transport best accounted for movement of 

plutonium through about 1 00 ft of tuff on the mesa at TA-21. 

ISSUE 3. Do we know enough a.oout the ro1e of fractures? 

Fractures piay an important rete in raoidly transmitting ponded liquids and vapor, and in some 

cases slowing or preventing transmission of partiaJiy saturated liquid phases. Ponded conditions 

can create positive pressures whictl aUow liquid from runoff, perched aquifers, or impoundments, 

for example. to rapidly infiltrate fractures. Fteld observations of staining and weathering, at least 

along some fractures, suggests some preferred pathways occur even on mesa tops. 

Detailed studies of water movement in fractures beneath a mesa have been conducted in pits 

excavated at TA-54, as summarized by Rogers (19n, 0216). Photographs taken after rains 

dearly illustrate preferential flow in some joints and fractures, even below caliche zones. 

Fractures were as mucn as 10 em wide. Mineralogical studies indicate that there are three zones 

of alteration within fracture-filling: an upper calcite-filled zona, intermediate mixed caficha­

montmorillonite zone, and a lower montmorillonite zone. This zonation was interpreted as 

reflecting standing water in fractures, some of which were plugged at depth. Excavations also 

revealed numerous roots which followed zonas of moisture along fractures and joints, both 
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horizontally and vertically to depths of at least 20 ft. Preferential flow of water in fractures on 

mesa taps is important to the ER Program, especially where a ·no action• alternative for 

remediation is recommended, where vapor phase transport is important, or where failure of 

engineered capping materials is hypothesized. Without extensive site chatacterization, we do not 

know how tc predict which fractures conduct water or the area of the land surface which feeds 

the fractures. H liquid transport in fractures is to be predicted, we need to make rapid progress 

to deveiop methods to measure unsaturated hyarauiic properties and transport coefficients in 

fractures. especially in the field. 

From existing drilling data (e.g., TA-54) and field inspection of selected outcrops, fracture 

connectivity appears to be limited by the vertical extent of the particular cooling unit; however, in 

other areas, such as near the PaJarito, Guaje, Water Canyon, and Los Alamos fault zones, 

fractures and joints may be more likely to penetrate across the cooling units and formations. The 

most important area of concern to the ER program seems to be where fracture or fault zones 

pass beneath perched acuifers in the canyon bottoms. 

Travis and Nutall (1984, ) simulated. using TRACER 30, radionuciide transport in a porous 

media beneath impounaments at DP West. TA-21, and inferred that colloidal transoort processes 

best explained the distribution of radionuciides to deoths of about 1 00 ft. On the other hand, 

Christenson and Thomas (1962. 0039) thought fractures were important conduits for radionuclide 

transport at this site. Later work by Nyhan et al. (1985, 01 68) showed that radionuclide 

concentrations were rather uniform with depth and few fractures were encountered during drilling, 

which led them to conciude that porous media flow dominated transport. Two field investigations 

near TA-50 of infiltration by Abrahams et al. (1963. 0012) and Purtymun et al. (1989, 0214) 

apparently showed that porous media flow and spatial variability would account for observed 

behavior. 

Fractures may be more important to the transport of volatile hydrocarbons (e.g., dense chlorinated 

solvents) and tritium in water vapor. Field data or seeping calculations are necessary to assess 

the importance of fractures on vapor phase transport. There are no data available at this time, 

at least none known to this author, to evaluate whether. or under what conditions. vapor transport 
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is more important in fractures than in the porous matrix ot representative geologic units at LANL 

It may be possible to use existing tritium data in tuff surrounding shafts at Area G, TA-54 (Abaete 

and Nyhan 1987, 0008), in model studies to address this issue. 

Where fractures may be important to remedial design evaluations, we must recogntze that reliable 

methods are not yet available to quantitatively assess the rate of flow and trans;)Ort of liquid in 

an unsatw'ated fracture or fracture system. Because the ER program is concerned with 

remediation of existing conditions, rather than predicting historic behavior, fractures are mudl tess 

important to quantify tor the purpose of predicting leadling of contaminants from soil in the 

vadose zone, especially where sites have stable engineered covers. 

ISSUE 4. can we defensibly model LANL hydrogeoiogy using a porous continuum model? 

This issue is comprised of two subordinate issues: 

(,) Is the physical system benaving as an equivalent porous media? 

(2) Can a model predict, defensibly, flow and transport? 

The first sub-issue is mostly addressed in the previous resoonse to Issue 3. At most :R sites, 

especially on mesa tops, the assumption of oominantly porous media transport through thick 

vadose zone is probably reasonable, based on infiltration experiments. One does have to 

recognize that on mesas where there have been impouncments or ponded conditions, fractures 

may have played an important role in initially distributing contaminants at least through the 

shallow subsurface. Excavations on mesa tops at Area G, TA-54, suggest natural infiltration of 

precipitation occurs in fractures (Rogers , 9n, 02, 6). 

The second sub-issue pertains to the question of model validation, that is, tne demonstration that 

the model can use available hydrologic properties to match observed field conditions. For multi­

dimensional, unsaturated fiow and transoort, I am aware of no models which have been validated, 

although there has been some very good progress recently using data from unconsolidated 
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alluvium at the Jcmada site near Las Cruces, New Mexico. Controlled vadose zone field 

experiments in bedrock would provide a much needed data base to validate numerical codes 

such as TRACER 30. 

In the absence of new field experiments in the vaacse zone, a good bit of confidence can be 

achieved in the predictive ~lities of models if the model of choice were tested using 

previously conducted field experiments (e.g., Abrahams et aJ. 1961, 0015; Purtymun et aJ. 1989, 

0214). This recommendation reiterates a similar suggestion made earlier by Stephens & 

Associates (1991, ). 

Within the saturated zones (perched and main aquifers beneath the ptateau), fractures are net 

. likely to be important primarily because, except in tne basalts, the aquifers are located in pccrty 

consolidated alluvium which is not likely to exhibit ocen fractures. In tuff, en the otner hand, 

fractures may link perched alluvial aquifers to the mam aquifer. Detailed model investigations to 

date nave nad mixed success in predicting flew and transOort within aquifers. However, it is my 

.... .;-.opinion-that-regulators w~l accept and LANL can oetend as state-of-the-art, model predictions 

of aauifer ficw and transDcrt which are based on well cnaracterized hydrogeologic systems. 

Oefiaencies in hydrogeologic data necessary to adeauately characterize LANL sites are 

discussed in other issue sections. 

ISSUE 5. Are we sufficiently certain of ground-water flow direction regionally tnar we can know 

ground-water fiow direction at a specific OU? Additionally, is there any reason to 

believe there are iocal ground-water gradients? 

The shallowest ground water beneath or adjacent to operating units is most likely perched in 

alluvium or bedrock. For percned aquifers and alluvial aauifers outside of Mor-Ulndad Canyon, 

data are insufficient to quantify the hydraulic gradient and aquifer geometry. Perched, alluvial 

aquifers are reported in Pueblo, Sandia. Pajarito, Los Alamos, and Water Canyon. Canyon 

bottom characterization of shallow ground water is recommended in these watershed areas which 

contain operating units. Local gradients away trom tne canyon bottom slope could occur where 
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a ridge of shallow ground water develops oeneath canyon bottom channels. Zones of increased 

moisture may occur beneath meSB:S where there is lateral seepage from the aJiuvium, based on 

neutron logging {Steve Reneau 1991, LANL. personal communication). Simple model studies 

may be applied to estimate the potential of spatially distributed recharge (horizontal line source) 

to induce local gradients on the regional water table. 

A potentially very important issue related to the ER program is the local flow paths between the 

canyon bottom and formations beneath the mesa. It is prcoosed that the canyon bottoms be a 

separate operating unit because they represent the collection point of drainage from the multiple 

waste sites on mesa tops. This concept is vaJid fer surface drainages which may transport 

contaminants. However, we have no data to confirm whetner seepage beneath the mesas, 

should it occur, migrate to tne canyon bottom. It is more likely that very small amounts of 

seepage from mesa tops would be diverted away trom the channel bottom by lateral flows of 

moisture from the losing streams and leaky alluvial aauifers. Numerical modeling of variably 

saturated flow would give us a oetter unoerstanding ot tnese local pathways and tneir importance 

to the ER program. 

The data base to establish the regional direction of grcuno-water flow includes test wells and 

springs. Within the approximately 40 square mile area comorising the operating units and areas 

east to tne Rio Grande, there are only about 9 unoumoed wells to measure water level elevations 

in the main aquifer. Most of tnese wells are located on tne central part of the plateau and 

penetrate substantial thicknesses of the acuifer. Data are aoecuate to establish that the regional 

flow direction is west to east However, water level data are not adequate to evaluate vertical 

flow components or to estabiish sources of recharge. Vertical flow in the main aquifer is 

potentially important in the ER program to predicting ceep patnways of contaminant migration. 

Nested monitor wells constructed with short screened intervals would be useful in evaluating 

vertical gradients as well as in monitoring water quality. 

It is atso my understanding that none of the existing wells are surveyed to a common grid system 

and wellnead elevations are mostly estimated from tooograohic maps. To have more confidence 

in the interred flow directions. a first-order survey of all wel!s is recommenced. 
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Ftgure 2 is an altemative conceptual model of flow in the main aquifer. This conceptual model 

is derived from multiple sources ~f information induding: existing geologic and hydrologic reports, 

enviranmen1al surveillance data. and recent geochemical data on stable isotopes collected by 

Frazer Goff. This new conceptual model suggests that ground water west of the Rio Grande is 

derived from a mix of recnarge from sources both east and west of the Rio Grande. The potential 

for ground-water flow westWard beneath the Rio Grande is attributed to several factors, induding 

(1) the westward dip of stratification wi1hin the Santa Fe Group sediments east of tne Rio Grande, 

(2) the barrier to discharge to the Rio Grande from tne east caused by impermeable units of the 

Cerros del Rio volcanic fieki, (3) the thickening of tne basin fill aquifer west from tne Rio Grande, 

and (4) the greater elevation of the recharge area in the Sangre de Cristo Range compared to 

the Vailes caldera or Pajarttc Plateau sources. Primary discharge areas for the oeep ground 

water are uoward flow to shallower zones induding tne Rio Grande, pumpage by wells, and 

springs. Tne upward fiow components near tne Rio Grande are consistent with tne following 

observations: 

1 . · ::-anesian conditions occur in some wells just west of the Rio Grande and in tne 

Buchman fielc east of tne river, 

2. reports that oectns to water in welis oecrease with increasing oecth (Cushman 

1965); and 

3. no continuous confining layer has oeen identified by hydrogeologists. 

Additionally, an eastem comoonent of ground-water flow is inferred by oxygen and deutenum 

isotope data from some wells and springs west of tne Rio Grande which suggest recharge from 

an elevation greater than that in the caldera area (Goff 1990, ). 

There are other local flow components that will occur near pumped wells. The well fields have 

produced a broad water level decline beneath tne plateau. However, water level monitoring 

density is inadequate to assess tne local flow conditions surrounding the well fields. Identifying 

the ground-water capture zones near the well fields is an important element in a wellhead 

protection program that may be required tor the municipaJ well fields. For some ooerating units, 

especially in the canyon bottoms immediately west of tne well fields, local flow cue to cumcmg 
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may be important to recognize in long-term performance assessments. Near the well fields and 

Rio Grande, the ground-water flow field may be depicted most accurately with a three-dimensional 

perspective. 

ISSUE 6. Can we defensibly state tnere is no connection berween any perched zones and the 

main aquifer? 

No. To so state would require one to find that there is eitner zero permeability, zero hydraulic 

gradient. or an upward gradient between the perched zones and main aQuifer. Alternatively, one 

could use geochemical methods, vadose zone monitoring. and continuous well hydrograph data 

to evaluate tne potential for interconnection. Potential tor connection between percned and main 

aquifers along impropeny sealed well bores and test holes must also be recognized. To my 

knowledge, there has been no pnor investigation with an exolicit objective to evatuate the 

connection between the percned ano main aQuifer. 

Recently available data indicates. nowever, that ground water in tne percned aquifer coes move 

downward. For instance, in Mortancad Canyon, tritium and nitrate occur with tuff beneath the 

alluvial acuifer (Stoker et aJ. 1991, . The hycraulic nead field beneath Mortandad Canyon 

alluvium seems to be mostty gravity controlled, and laooratory testS on core sarnoles confirm that 

the tuff is moderately permeable. 

While licuid transpOrt is prooably the pnmary pathway of interest. one should also consider the 

connection between the perched and main aquifers via the air phase. If dense, volatile 

hydrocarbons (e.g., chlorinated solvents) occur in the percned aquifers, then density driven 

transport in the gas phase should be considered in the conceorual model. 
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ISSUE 7. Do we know enough about gas exchange between the subsurface and atmosphere 

as a potential contaminant transport patifwBy? 

There has been very little work to date on assessing whether gas phase transport of 

contaminants is occurring to any extent at l.ANL operating units. Some discussion of gas 

transport was presented previously in issue 1. The gaseous transport processes to consider 

inciude diffusion, vapor phase advection. and density-driven gas flow.There is sufficient literature 

and analytical and numerical capability available to conduct seeping calculations to ascertain 

which of these processes is likely to be significant tor LANL site conditions. Abeele and Nyhan 

(1987, 0008) have begun such calculations to explain tritium distributions near a shaft at Area G, 

TA-54. Recent data from AreaL TA-54, suggest ttlat organic vapor plumes have been detected 

to dectns of nearly 200 teet. but the process can be simulated with a gas diffusion model in 

porous media (K. Camcoell1991, LANL personal communication). 

Atthough we have predictive cacability to model gaseous phase transcort we lack in ttlree 

·- resoects: -(1) field data .to confirm wnether gaseous transport is important. (2) field validated 

codes for gaseous transcort in LANL media, (3) conveniem and accurate methods to obtain field­

scale gas phase transport coefficients. 

ISSUE 8. Do we know enough that modeling as a nomogeneous. steady stare system 

a11equately defines the system? Altemativety, ao we know enougn to model as a non­

homogeneous transient system? 

Perched alluvial aquifers appear to be typical of most alluvial materials and are inherently 

heterogeneous at a small scale. At the larger scale. there also may be significant and abrupt 

facies changes in the alluvium, especially orthogonal to the axes of the channels. For example, 

in Mortandad Canyon the alluvium is comprised principally of a coarse sand layer overlying silt 

and day layers. However, there is no cuantitative information on the spatial variability in physical 

properties which control flow and transoort. Variability in recharge to the alluvial acuiter due to 

seasonal snow melt and runoff events imposes temcoral fiuctuations on water levels, hycrauli: 

... , 
o ... 
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gradients, and sources of contaminant influx. Therefore, alluvial aquifers should be modeled as 

a heterogeneous transient system, especially for predicting performance over time scales less 

than several years. To predict mean flow and transpOrt over much longer times, or over much 

larger distances (e.g., miles), the importance of local spatial or temporal variability may be 

substantially diminished, at least in deterministic models. and the system may be effectively 

homogeneous and at steady state. Consequentty, the performance assessment model efforts to 

predict mean behavior may be greatly simplified. On the other hand, to incorporate uncertainty 

of geologic data in predictions using stochastic models for examole, spatial correlation structures 

and statistical moments of hydraulic properties must be determined. The above arguments 

indicate that the time and soace domain of interest. as well as model approach, must be specified 

before this question ot heterogeneity and transient behavior can be answered fairly. 

Beneath mesa tops and canyon bottoms, the vacose zone is pocriy cnaraeterized. except at a 

few sites. as discussed previously among ctner issues. While it apcears tnat the volcanic units 

have high uniformity and iarge areai extent. there nave been no studies dedicated to confirming 

this. It is apparent from existing laboratory aata tnat nyarauli: properties can vary vertically, and 

pemaps horizontally, with aegree of welding. Tneretcre, geologic field mapping snculd continue 

to deiineate the geometry of zones which have similar welding charaCteristics. Field moisture 

data oeneath Mortandad Canyon cieariy show the effects of formational contacts and contrasting 

unsaturated hydraulic properties between and within formations (Stoker et al. ·1991, p. 80). 

To simulate the observed transport of radionuclides and other cnemical constituents, one should 

view the system as a heterogeneous and variably saturated fiow field. We do not Knew whether 

there are significant transient effects en solute transport in the vadose zone at Mortandad Canyon 

because there is no deep soil-chemistry monitoring to establish a time series. Tne unsaturated 

hydraulic properties at Mortandad Canyon have only been characterized for relatively small 

laboratory core samples; future simulation efforts should assess whether field scale 

characterization of hydraulic properties in the vadose zone is necessary to improve the predictions 

of observed behavior. However. there are no reliable field methods to obtain in situ unsaturated 

hydraulic properties at depths below about 3 m at present, although research is progressing in 

this area and should be encouraged strongly. Vacose zone cnaracterization has only extenced 
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to about 200 ft. so very littie is known about heterogeneity and transient effects in the remainder 

of the vadose zone. 

When simulating some types of seepage into dry materials in the vadose zone, one may also 

need to recognize the anisotrcpic nature of the porous media McCord et al. (1991, ) could 

not accurately simulate observed bromide tracer movement in a homogeneous sand dune without 

introducing anisotropy to the model which is deoendent on the degree of saturation. It has not 

been determined whether state-dependent anisotropy is relevant to LANL problems. although 

Abrahams (1963, 0012) found significant lateral flow components in his field infiltration 

experiment The importance of anisotropy could be addressed by numerical simulation -- after 

the code (e.g., TRACR-30) is modified to account for this newly identified process. Tne net effect 

of the anisotropy is to cause more lateral moisture and soiute movement relative to vertical 

transoort. If state-depenaent anisotropy of unsaturated tuff is in tact retevant to the ER program, 

then research should be initiated to aeveiop field or laooratory methods to quantify it 

The main aquifer is- characteriZed by deep drilling for test holes and water proauction wells. 

Some of the wells have been oumoed to deterrmne aquifer cnaracteristics by single well test 

methods. Interference testing using one or more ooservation wells is a preferred method to 

obtain reliable, field-scale measurements of aauifer properties. The main aquifer is generally 

consiaered to inctude the Santa Fe Group sediments and saturated portions of the Puye 

Formation. In the west the main aquifer intertongues with the Tschicoma Formation and is 

under1ain by Mesozoic and Paleozoic sedimentary rocks whicn may have moderate permeability. 

In the east. it includes basatt and Rio Grande alluvium. The Tschicoma may have thin but 

permeable breccia zones ancilor clastic layers (F. Goff 1991, LANL. personal communication) and 

the Puye contains a mix of sand, gravel, and cobbles with a lower gravel and sand layer, the 

Totavi Lentil. Waresback and Turoeville (1 990, ) suggest that extensive lake deposits occur 

within the Puye tan. Aquifer thickness also vanes considerably beneath the plateau. For 

instance, the Puye portion of the main aquifer ranges from 0 to as much as 725 ft (Griggs 1964, 

_-.~L There are no isopac maos of princioal units which comprise or intertongue with the main 

aquifer. Such information is imoortant for accurate Simulation. One should also consider that the 

main acuifer is anisotrooic, esoecialiy in the Santa Fe Grouo which consists of thin layers of 
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predominantly sandstone and mudstone. ConsequenUy, the permeability perpendicular to the 

bedding wm be less than the ~rmeability parallel to the bedding. In most aquifer tests, the 

horizorrtal permeability is measured. However, the depth to which potential contaminants may 

mix in the main aquifer will be controUed by the verticat permeability, in addition to the verticat 

hydraulic gradient components. 

ISSUE 9. To meet LANL ER clean-up objectives. is there sufficient LANL and/or literature 

information on rerarriation factors? 

In reviewing documents tor this panel and otner LANL projects, I found few references on 

measurements of retardation factors tor undisturDed tuff or other units at LANL Purtymun and 

Stoker {1987, 0204) reported ion exchange cacacity for plutonium to range trom 0.5 to 

4.0 meq/100 g. Patzer and Essington {1984. 0178) reoorted an ion excnange capacity for 

strontium. cesium, and cobalt of 0.33 meq/1 00 g. Tnere is. however. a wealth ot exoerience on 

radionudide mobility aerived trom environmemaJ sampling. There is also some literature on 

retardation factors for radionudide transport tor porous materials in general. 

Travis and Nutall (1985, _---J) simulated plutonium movement at TA-21, but tneir model tar 

underestimated actual radionuclide transport using ~ values of 1 00 (units unsoecified) tor 

plutonium. Ukewise, at Mortandad Canyon, tnere is some evidence tnat very small amounts of 

plutoniun,-239 may occur at much greater aeoths tnan expected based on sorption 

characteristics. The mobility of radionuclides sucn as 25PU requires further investigation. 

Processes such as colloidal transport or mobilization by versene (Rogers 19n, ----J p. 23). 

by low pH, or by citrate and fluoride complexation may need to be considered. 

Sorption can also occur during water quality sampling. The recent Mortandad Canyon report 

(Stoker et al. 1991, pp. 56-57) suggests that radionudides may be adsorping to well and 

casing materials, especially in the newer installations which may have new di~turbed surfaces tor 

adsorption of plutonium. Acauiring representative formation samoies in the environmental 
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monitoring program is essential. Additional work is necessary to design and test monitor wells 

and sampling equipment for radionuclide sorption effects. 

Sorption also affects organic cnemical transport Chemicals such as petroleum hydrocarbons and 

organic sotvents adsorp onto organic matter and inorganic substances in the porous media 

There are few studies to develop sorption isotnerms for organic chemicals. Such studies are 

encouraged and should indude sorption mixtures of organic compounds typical of ER sites. 
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