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PRELIMINARY ASSESSMENT OF RADIONUCLIDE TRANSPORT VIA STORM-WATER 
RUNOFF IN lOS AlAMOS CANYON/NEW MEXICO 

MICHAEL R. DALE 

Sew Me~ico Environment Depanment. DOE Oversight Bureau. 35 Ro,'er Blvd" Whi,e Rock, :>:M 875 .... 


Abstract--Observations on streamflow. suspended-sediment concentration and radionuclide activity during a 7-8 
September 1995 flow event provide insight into contaminant transport in Los Alamos Canvon. Measurable dis­
charge data from two gaging stations. one above and one below the mouth of OPCllnyon. sh~ that flow persisted 
for 8.8 hrs and at the downstream gage ranged from 651 to 0.28 Usec. Four storm-water samples. taken at 30-min 
intervals during the peak flow where NM-4 crosses Los Alamos Canyon below the mouth of OP Canyon. showed 
suspended-sediment concentration ranged from 40.3 to 4.4 gIL. Mean activity concentrations for the suspended 
sediments (pCilg) include 15.4 for gross beta. 2.44 for ""Sr. 1.54 for ll912...,Pu. 0.15 for zl8pu. 1.36 for'" Am and 6.63 
for mCs. Mean activity concentrations for dissolved radionuclides (pCi/L1include 17.9 for gross beta and 5.05 for 
'IIlSr: !.llPu. z41Am and Il7Cs were not detected in the dissolved phase. The radionuclide !l9l:!.oopU was detected:u or 
near the method or instrument detection limit (0.05 to 0.04 pCilLi. Preliminary estimates of total radionuclide 
transport during the first 90 min of flow include 41.5 uCi of'lllSr. 26.2 uCi of ll'lfl""Pu. 2.5 uCi of !l·Pu. 23.1 uCi of 
:<1 Am and 112.8 uCi of I:r.CS. Historical data indicate transport of radionuclides with suspended sediments in Los 
Alamos Canyon varies from year to year. This variability may be linked to the fluctuation in discharge contributed 
by Of Canyon. Additional monitoring of flow and transport processes in canyons that contain contaminants is 
warranted. 

INTRODUCTION 

Historically. Los Alamos National Laboratory (LANL) has disposed 
of liquid radioactive waste in several ways. The early years at LANL saw 
untreated radioactive wastes discharged to canyons. underground stor­
age tanks and absorption beds (Nyhan et al.. 1985). More specifically. 
LANL's initial plutonium and uranium processing facility at Tech Area 
(TA) 21. located adjacent to DP Canyon. generated and disposed of treated 
and untreated radioactive wastes to the environment from the early 1940s 
to 1985 (Anonymous. 1991). 

DP Canyon is a tributary to Los Alamos Canyon that extends from 
Sierra de los Valles downstream to the Rio Grande. and drains portions 
of the Los Alamos townsite and TA-21. From 1945 Ihrough 1951 un­
treated liquid effluent from TA-21 was discharged into on-site absorp­
tion beds. The early waste-disposal records from TA-21 are not clear as 
to whether untreated wastes were discharged to DP Canyon during that 
period: however. treated liquid effluent was discharged into DP Canyon 
from 1952 through 1985 (Nyhan. et al.. 1985). The study area (Fig. I) 
thus encompasses Los Alamos Canyon between DP Canyon and New 
Mexico Highway 4 (NM-4). 

Previous studies have shown that stonn-water runoff from DP Canyon 
transports radiological contaminants both in suspended sediment and so­
lution (Purtymun. 1974. 1975). However. the relationship between ra­
dionuelide transport and the hydrologic system(s). as well as the amount 
of radionuclides moving off-site. are not well understood, Complete analy­
sis of the modem hydrologic transport of contaminants in both DP and 
Los Alal11O!i Canyons would be of use in characterizing and/or assessing 
the imp3l:h ... hl~'W'1('al contaminant releases. For example. do stonn­
water cbu ·........nN .rom samples taken at the laboratory boundary re­
flect d~ '"'"' I...,.. Alamos Canyon and/or DP Canyon? 

As I*' of the Se_ Mexico Environment Department's Department of 
Enern ~ mi5sion (see Stone. this volume). stonn-water trans­
port of .......Iides. especially off-site. is of concern. The purpose qf 
this study waalO estimate DP Canyon's surface- water contribution to 
discharge RQJIdcd in Los Alamos Canyon at NM-4. identify radionu­
elides in a s......water runoff event and generate preliminary estimates 
of the amounl of contaminants carried off-site. 

mE 7..s SEPTEMBER, 1995 FLOW EVENT 
Precipitation 

This two-day flow event resulted from a stonn occuning in the Los 
Alamos towMite on 7 September. 1995. As no data are available for the 
area draining to DP Canyon. I assume that precipitation there was the 
same as recorded at TA-53 (Fig. 1). located approximately 2.5 km from 

TA-21. From 17:00 through 21:00 hrs precipitation data were recorded 
by LANL's Environment. Safety and Health Division (ESH-17) at TA­
53 in ) 5-min increments. Precipitation peaks of 6.86 and 1.02 mm (Fig. 
2) occurred during the stonn. The total amount measured at TA-53 was 
18.8 mm. 

Discharge 
DP Canyon'$ runoff contribution and the lotal runoff exiting Los Ala­

mos Canyon at NM-4 were calculated using provisional discharge records 
obtained from two gaging stations (Fig. I) equipped with continuous 
slage recorders 15-min frequency) inslalled by the U.S. Geological Sur­
vey (USGS). GS-I. operated by LANL's Environment. Safety and Health 
Division (ESH-18). is located in Los Alamos Canyon approximately 60 
m upstream (west) ofthe mouth of DP Canyon. GS-2, operated by USGS 
at the time of the flow event. is also located in Los Alamos Canyon. 
approximately 4 Ian downstream (east) of GS-I. . 

At approximately 19:23 the surface-water flow-front or surge was ob­
served in DP Canyon above its confluence with Los Alamos Canyon. 
while flow at GS-I was estimated to be <2 Usec. Approximately 2 min 
later the instantaneous flow at GS-I was 227 Usec (Fig. 2). Therefore. it 
is assumed that the first recorded instantaneous flow at GS-2 (651 Usec) 
was contributed solely by DP Canyon. Row at GS-I did not end until 
several days later. Downstream tributaries between DP Canyon and NM­
4 contributed little « 2 Usec) or no flow. The duration of surface-water 
flow at GS-2 was from 20:30 through 05: 15. In addition to the initial 
peak at 20:30 there was a secondary peak from 22:30 to 22:40. The mean 
discharge for the flow event in Los Alamos Canyon at NM-4 was 106 U 
sec and total runoff was 3380 ml. 

DP Canyon's contribution to total discharge was detennined by calcu­
lating the difference between instantaneous and mean flows recorded al 
OS-I beginning at 19:25 and ending at 00: 10, and GS-2 beginning at 
20:30 and ending at 00: 15, assuming a lag time of 65 min and minimal 
infiltration between the two gages. In other words. the instantaneous flow 
recorded at OS-I at 19:30 reached OS-2 at 20:35. or 5 min after DP 
Canyon runoff reached OS-2. The mean discharge in DP Canyon was 
estimated at 97 Usee and the total runoff was estimated at 1688 m). 

RADIONUCLIDE TRANSPORT 

Sample collection 

Stonn-water samples (LA-I. II, III. IV) were collected at the junction 
of Los Alamos Canyon and NM-4 (Fig. I). The first sample was taken at 
20:34. and represents the flow-front or surge. The remaining three samples 
were collected at 30-min intervals after the initial sample was taken. 
Therefore. the sampling interval spanned 90 min. It was assumed that 
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FIGURE I. Location of streams, gages and sampling stations in the Los Alamos study area. 

discharge at the sampling point correlates to discharge recorded approlli- The samples were unpreserved. unfiltered, chilled to approllimately 4· C 
mately 4 min earlier at OS-2. The samples were collected at the approxi- and shipped on September 8. 1995. to a contract analytical laboratory. 
mate center of flow using a I-L, wide-mouth (6-cm diameter) polyethyl- The samples were analyzed for total suspended solids and radionuclides 
ene container fastened to a staff ( 1.2 m in length) with two stainless-steel (with both suspended sediment and dissolved; Tables I and 2). 
hose clamps. The opening ofthe container was submerged approximately 
4 cm below the water surface and the container was swept parallel to Suspended sediment 
flow direction in order to decrease the effects ofback-washing. Approlli- Each sample was first decanted through a tared glass-fiber filter until 
mately 7.6 L were collected per sample. The sampling container was only I L of slurry remained. The suspended sediment remaining on the 
thorou,tl" nft'le'd with deionized water prior to each sample collection. tilter was weighed. The remaining slurry was centrifuged in tared 250 rot 

TABLE I. Suspended-sediment radionuclide activity in storm-water samples collected in Los Alamos Canyon at NM-4. 
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FIGURE 2. Hydrograph iIIusuating the relationships between precipitation at TA-53. surface-water flow at gaging stations in Los Alamos Canyon (GS-l and GS-21. and 

7 September, 1995 

estimated surface-water contribution by DP Canyon. 

tubes: the separated water (supernate) was then filtered and added to the 
filtered liquids. The total volume of water was determined by summing 
the filtered water and supernatant. The total amount of suspended sedi­
ment was then calculated. 

As noted at the time of collection. the initial sample (LA-I) contained 
the highest amount of suspended sediment. 40.3 gil. The remaining three 
samples (LA-II. III and IV) contained 5.2. 5.7 and 4.4 gIL. respectively 
(Table I). The mean concentration for the last three samples was 5.1 gil 
with a standard deviation of 0.54. Due to the high suspended-sediment 
content of LA-I. the concentrations obtained for the first 90 min of flow 
were divided into two separate time intervals from 20:30 through 20:40 
and from 20:40 through 22:00 in order to determine suspended-sedi­
ment transpon. The suspended sediment transported during the first 10 
min of flow was determined by assuming that its concentration decreased 
linearly from the initial value (40.3 gIL) to the mean value (5.1 gIL) 
calculated from the last three samples. The amount of suspended sedi­
ment transported during the first 10 min of flow is estimated to be 8676 

kg. The amount of suspended sediment transported during the remaining 
80 min. of flow. assuming a mean suspended-sediment concentration ·of 
5.1 gil. is estimated at 8343 kg. Thus. the total amount of suspended 
sediment transported during the first 90 min. of flow is estimated to be 
17.019 kg. An unknown amount of additional suspended sediment would 
have been transported in flow occurring after 22:00. 

Radionuclides in suspended sediment 

The radionuclides 9OSr• 2l9ll40Pu. 2l8Pu. :4IAm. and I.l7Cs were detected 
in all suspended-sediment samples, with mean activity concentrations 
for the first 90 min of flow of 2.44 pCilg, 1.54 pCilg. 0.15 pCi/g, 1.36 
pCilg and 6.63 pCi/g, respectively (Table I). Standard deviation for the 
radionuclide activity concentrations in suspended sediment ranges from 
0.05 to 1.21. The mean activity concentration and standard deviation for 
gross beta in suspended sediment are 15.4 pCilg and 1.24. respectively. 
Transport amounts for the radionuclides were calculated by multiplying 
their mean activity concentration by the total amount of suspended sedi-

TABLE 2. Dissolved radionuclide activity in storm-water samples collected in Los Alamos Canyon at NM-4. 
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ment carried during the first 90 min of flow. The estimated amount of 
"''Sr,:JW2""PU. :J8Pu. HI Am. and IJ1C~ transpol1ed off-site durine the run­
off event are 41.5 uCi. 26.2 uCi. 2.5 uCi. 23.1 uCi and 112.8 uei. respec­
tively. 

Dissolved radionuclides 

An aliquot from each sample was passed through a 0.45 micron filter 
prior to analysis by the contract analytical laboratory. Following filtra­
tion. all samples were analyzed for dissolved 9OSr. [n addition. samples 
LA-I and LA-III were analyzed for dissolved mcs. w Am. :tl9l2..,Pu and 
2J8Pu. 

""Sr and 2391240PU were detected in the dissolved phase (Table 2); how­
ever, the sample analyses showed the acti vity concentration oP-Pu to 
be at or near the method or instrument detection limits (0.05-0.04 pCiI 
L). Consequently. 23'11l40Pu transport in the dissolved phase could not be 
accurately quantified. All samples were found to contain ""Sr in the dis­
solved phase. The mean activity concentration over the period repre­
sented by the four samples was 5.05 pCiIL. with a standard deviation of 
1.27. 1lIe total amount of 90Sr transpol1ed during the stonn event in the 
dissolved phase was calculated by multiplying the total volume ofwater 
that was discharged at GS-2 (3380 ml or 3.38 X 1()6 L) by the mean 90Sr 
activity concentration. This assumes that the mean 'lOSr activity concen­
tration remained constant throughout the run-off/discharge event. If this 
assumption is valid. the total amount of 90Sr released in the dissolved 
phase is estimated to be 17.1 uCi. 

Historical trends 
Historical data concerning radionuclide transport by stonn-water run­

off in Los Alamos Canyon at NM4 has been reported in many ofLANL's 
annual Environmental Surveillance Reports from 1982 through 1991. A 
careful review of the existing data showed no noticeable trends for radio­
nuclide activity concentration in suspended sediment. The variability may 
be due to differences in DP Canyon's surface-water contribution. Such 
differences are in turn related to the intensity and duration of the stonn. 

.... 

DALE' 

water velocity. and amount of bank erosion. Few or no data exist for 
some dissolved constituents. such as 'IOSr. 

SUMMARY 
Discharge measurements and estimates indicate that DP Canvon con­

tributed approximately 50% of the flow that was transmitted off~site dur­
ing this pal1icular storm event. Therefore. this preliminary study sug­
~ests that the amount of surface-water contribution by DP Canyon dur­
109 a st?rm event may have direct influence on radionuclide activity con­
cen~auons an? volu~es lranspol1ed off-site, both absorbed to suspended 
sedIment and 10 the dIssolved phase. FUl1her work. is warranted. 
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by a series of ladders. The visitor complex in the canyon 
is accessible by motor vehicle; Bandelier is otherwise a 
hiker's park. Three large canyons cross the monument. with 
a complex system of mesas and secondary canyons sepa­
ratin!! them. Much of the monument has been desi!!nated 
a unit of the National Wilderness Preservatio; Sys­
tem. 2.6 

30.7 	 Meadows with abundant small pine trees on left have re­
placed the burned areas of the 1977 La Mesa forest fire. 
This area is now a National Environmental Research Area 
set aside to observe nature's reclamation process. 0.6 

31.3 Technical Area 49 on right. 0.3 
31.6 Good view into Water Canyon on right. 0.4 
32.0 Trailhead to Burnt Mesa on left. 1.0 
33.0 	 Contact between Tshirege units E and F (Rogers. 1995) 

on right. 0.1 
33.1 	 Good view ofPajarito fault scarp at 12:00 (Fig. 3.16). 0.7 
33.8 	 Road descends into shallow graben east of Pajarito 

fault. 0.2.... 
34.0 	 Junction with NM-SOI: continue straight ahead (uphill) 

on NM-4. The following minipaper summarizes the nu­
merous springs present to the nonh of NM-4 and east of 
NM-501 on the western side of the Pajarito Plateau. 0.1 

CHARACTERISTICS OF SPRINGS IN THE 

WESTERN PAJARITO PLATEAU, LOS ALAMOS 


NATIONAL LABORATORY, NEW MEXICO 

Michael R. Dale lind Steve Yanicak 

Nc.' Melli.:	.. En\';rnnmcnl Ocp;utmcnl. I)()E ()versi~hl Bureau. 
J~ R"'"cr BI....I" While Rnc~. NM K1!\44 

Historically. drainages that dissect the Pajarito Plateau have been 
thought to contain only ephemeral streams produced from snow-melt 

and stoim-water runoff. However. recent investigations by the New 
Mexico Environment Department. Department of Energy Oversight Bu­
reau (NMED. DOE OBI indicate that perennial and ephemeral springs. 
emanating from the Bandelier Tuff and alluvium. supply perennial flow 
to several canyons along the western boundary of the PajarilO Plateau. 
Here. we briefly summarize the characteristics of these springs. A more 
detailed report is in preparation through the NMED DOE OB (Dale and 
Yanicak. unpubJ. 1996). 

The area studied (in 1994 and 1995) encompasses 3 mi~, and is lo­
cated entirely within the western region of Los Alamos National Labora­
tory (Fig. 3.l1). SpriRg t.k"':IlKlns \:ary from 7389 to 1481 ft, wit.h springs 
at the northem edge of the study area occurring at slightly higher eleva­
tions. All observed springs discharged from gray tuff associated with 
units D or E of the Tshirege Member of the Bandelier Tuff (Rogers. 
1995). or canyon alluvium. We made no ailemptto correlate these units 
with Bandelier Tuff nomenclature for the laboratory's Environmental 
Restoration Project (Broxton and Reneau, 1995). but recommend that 
future correlative studies be conducted. 

Flow was detennined al culverts and temporary diversion structures 
by the bucket-and-stop-watch method. Measurements were made down­
stream from the springs in order to focus on the amount ofwat!!rcontrib­
uted to the stream. Mean now values (Fig. 3.17) were calculated using 
multiple measurements (7 to 12 replications). 

Field work led to the discovery of 12 perennial springs. two in the 
TwomiJe Canyon area. six in the Pajarito Canyon area. and four in thc 
Canon de Valle area (Fig. 3.17). With few exceptions. these springs dis­
charge from north-facing canyon walls or slopes and occur along a 1.5­
mi long. NNE-SSW-trending zone thl).\ subparalIcls major segments of 
the Pajarito fault system. The estimated now of perennial springs during 
1994 and 1995 was fairly consistent. mnging from 0.06 to 1.20 Usee. 
Additional observations made periodically during 1994 and 1995 showed 
that perennial flow in Pajarito Canyon extended east from Homestead 
Spring for at least 2.2 mi. During 1995. perennial now in Canon de Valle 
was observed from Peter Spring to the east for approximately 1.2 mi. 

Field measurements for specific conductance. pH and temperature for 
the perennial springs ranged from 80 to 323 J1S1em. 6.07 to 7.79 S.U. 
and 8.0 to 12.7°C. respectively. The water is predominately a cal.:ium­
sodium-bicarbonate type with total dissolved solids (TDS) ranging from 

FlGl1RE 116. VIeW. looking soulb. of the PajarilO fault scarp in Bandelier National Monument. Black line highlights the top of the scarp where it does not form the 
skyline. The Pajarito fault exhibits over 400 ft ofdisplacement on marker hori~swilllin lIIe BandelierTuff. Pointed mountain at left is Boundary Peat. to the right is St. 
Peter's Dome. and at lIIe far right is Rabbit Hill. 
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FIGURE 3.17. Locations of springs and f1ow·measurement stations along the western region of the Pajarito Plateau. Los Alamos Narional Laboratory, New Mexico. 

99 to 2S0 mgIL Concentrations ofdissolved inorganic constituents (mg/ 
L) ranged from 8 to 24 for calcium. 610 2S for sodium. 3 to 6 for magne­
sium.2 to 5 for potassium. 29 to 104 for bicarbonate. 6 to 31 for chlo­
ride. <ill to 0.3 for fluoride. 6 to 31 for sulfate and 0.01 to 1.1 for ni­
trate/nitrite as total nitrogen. TIle high-range concentrations are predomi­
nately associated with springs in the Canon de Valle area. Springs in 
PajarilO and 1Womile Canyons generally show lower IDS concentra­
tions. but seasonal variations in concentration appear to be occurring. 
Sampling on April 28. I99S. showed an increase in specific conductance 
and IDS for perennial springs in the Pajarito Canyon area. 

Some perennial springs were analyzed for high-explosive compounds 
(HE). volatile-organic compounds (VOCl as well as the radionuclides 
!IOSr. :!l'It2«!PU.lllPu. lflAm. mCs. ucU. wu. ZlIU and gross alphalbeta in 
dissolved phase. HEs and VOCs were detected at some springs in the 
Canon de Valle area. TIle concentration for the HE compounds 2-arnino­
4.6~initrololuene and 2-amino-2.6-dinitrotoluene ranged from 2.310 3.3 
J.lgIL: dw for octahydro-l.3,s.7-tetranitro-I.3.S.7-tetrazocine (HMX) 
ranpd from 5.5 10 11.0J.lglL: and that for hexahydro-I.3,s-trinitro-l.3,s­
tri&P_ I lOX I nnged from 83 to 100 J.lgIL. The concentration for the 
VOC ICtracbloc'octhene ranged from 2.3 to IS J.lg/L and that for 
tncblotoechcae ranged from 0.9 to 3.1 J.lgIL. Additionally. cis-l.2­
~ .. 21 J.lg/L was detected at Peter Spring. HEs and VOCs 
............ at springs in the Pajarito Canyon area. Gross beta. 
-V. ZItV.... DIU were detected above the method detection limits for 
....... II is unknown if these levels are within the background range 
to. -1JPtS of waters. Activity (pCiIL) ranged from 3.49 to 10.1 for'"*....C).06IO 0.77 for D4U. 0.0210 0.03 for mU and 0.09 to 0.70 for 
DIU.Feat,. [Diem sprinp were flowing onApri128. 199'. in the Pajarito 
ea.,. tributary where Starmer's Spring discbarges (Fig. 3.17). All 
sprillp 6clwged from the south-facing canyon walL The initial esti­
mated flow ranges from <0.0610 0.12 Usee. Row of these springs gradu­
ally cased during the summer. Field measurements for specific conduc­
taDcII. pff and temperature for the ephemeral springs ranged from 82 to 
l69p.S1c:m. 6.24 to 6.98 S.U. and 8.1 to 1O.6"C.respectiveIy. TDS ranged 

from 70 to 148 mgIL. Concenlrations of dissolved inorganic constitu­
ents (mgILl ranged from 6 10 10 for calcium. 5 to II for sodium. 2 to 4 
for magnesium. 2 to 3 for potassium. 37 to 40 for bicarbonate. <S to 6 for 
chloride. <0.5 for fluoride. 17 to 20 for sulfate and <0.1 to 29 for nitratel 
nitrite as total nitrogen. 

At most discharge points, tuff beds are moderately welded and show 
venical fractures common to the Tshirege Member. but horizontal frac­
tures with apenure widths of up to O.S in. or more are also abundant. 
Spring water discharges mainly from fractures. contacts, or paning sur­
faces between tuff beds of similar lithology but varying competency (e.g.. 
surge beds). Because ephemeral springs ceased flow during summer. we 
theorize that these springs may have some connection to surface-water 
infiltration during snow-melt runoff. 

As tlow measurements were made at some distance below the springs, 
they may not adequately represent spring discharge. Th.e values may be 
low due to losses associated with infiltration. or high due to contribu­
tions by interflow or runoff. Since measurements were made during ex­
tremely dry conditions. the former is most likely and the data probably 
represent minimum spring discharge. 

Preliminary chemical and benthic-invertebrate data (see Ford-Schmid. 
this volume) indicate that ground-water impacts. via anthropogenic 
sources (e.g .• outfall. landfill>, may be occurring in the western region of 
the Pajarito Plateau. FllI'tbermore, the perennial reaches supported by 
the springs described herein support a saturated zone within the canyon 
alluvium that could transport contaminants over a wider area. Thus. ad­
ditional work on the source of such contaminants is recommended. 
34.1 	 White EI Cajete Pumice exposed in soil on left. 0.5 
34.6 	 Viewpoint on left in sharp bend of road provides excellent 

view of the Pajarito Plateau. Pajarito fault.. Rio Grande 
rift. and Sangre de Cristo range (Fig. 3.18). 0.8 

35.4 	 Dirt road to American and Armisted cold springs on 
right. 1.7 

37.1 	 Boundary to Bandelier National Monument. 2.9 
40.0 	 Intersection of NM-4 and USFS Road 289. The Dome 


