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Quality of Storm Water Runoff at Los Alamos National Laboratory in 2000 
with Emphasis on the Impacts of the Cerro Grande Fire 

Bruce Gallaher, Richard Koch, Ken Mullen 

ABSTRACT 

In May 2000, the Cerro Grande Fire burned about 7 400 acres of mixed conifer forest on the Los Alamos 
National Laboratory (LANL), and much of the 10,000 acres of hills lopes draining onto LANL was severely 
burned. The resulting burned landscapes raised concerns of increased storm water runoff and transport 
of contaminants by runoff in the canyons traversing LANL. The first storms after the fire produced runoff 
peaks that were up to 200 times greater than prefire levels. Total runoff volume for the year 2000 
increased 50%, despite a decline in total precipitation of 13% below normal and a general decrease in the 
number of monsoonal thunderstorms. 

To evaluate the possible water quality impact to water bodies downstream of LANL, runoff events were 
monitored and sampled throughout the summer runoff season at over 40 sites on and around LANL. 
Samples collected from the runoff were analyzed for radionuclide, metal, inorganic, and organic 
constituents. The runoff water quality data are evaluated by comparing with historical levels and relevant 
standards and, where possible, by examination of spatial and temporal trends. These comparisons 
indicate whether the results in 2000 after the Cerro Grande Fire vary significantly from previous years and 
provide some environmental health context to the individual results. Two companion studies use these 
runoff results to quantify potential health risks associated with the storm water (IFRAT 2001; Kraig et al. in 
preparation). 

Runoff quality was highly variable, a function of streamflow and proximity to the burned areas and LANL 
legacy sources. Consistent with runoff associated with other forest fires around the world, the first pulses 
of runoff after the fire contained ash and newly eroded soil that were enriched in radionuclides from past 
atmospheric fallout, metals, minerals, and nutrients. These fire-related constituents were carried 
downstream in runoff and were mostly deposited on LANL lands. LANL-derived constituents are evident 
in runoff collected near major sources. The LANL impacts to runoff, however, were often masked after 
mixing in stream channels with the fire-related constituents. 

Concentrations of most fire-related constituents declined through the runoff season partly due to flushing 
of the ash from the upstream hillslopes and stream channels. Sample results indicate that most 
(commonly 95% or more) of the radionuclides and metals were bound to suspended sediments in the 
runoff and were not dissolved in the water. Median concentrations of radionuclides in runoff collected at 
LANL's upstream boundary increased by 10 to 50 times from prefire levels, showing an accelerated 
movement of fallout radionuclides and metals that had accumulated in vegetation and soil and was 
present in the ash from the burned hillslopes. In contrast, median concentrations of radionuclides in runoff 
collected from the downstream LANL boundary were approximately the same as previous years. Larger 
magnitude stream flows resulted in an increase in the total quantity of radionuclides and metals that were 
carried downstream from LANL. The total activity of cesium-137, strontium-90, and uranium transported 
across the downstream boundary increased by about 10 times, primarily the result of increased runoff 
from burned areas. 

1.0 Summary of Findings 

In May 2000 the Cerro Grande Fire burned about 43,000 acres of mixed conifer forest near Los Alamos, 
NM. The fire burned about 7400 acres on the Los Alamos National Laboratory (LANL). In addition to the 
burning that occurred on LANL, about 10,000 acres of watersheds draining onto LANL from adjacent 
United States Forest Service (Santa Fe National Forest) lands burned. In these Forest Service 
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watersheds above the Laboratory, from 20% to 80% of the acreage was considered "high-severity burn." 
After the Cerro Grande Fire, a large amount of residual ash was left in burned areas. The source of much 
of the material carried in storm water runoff during the 2000 runoff season was from ash and debris left by 
the Cerro Grande Fire. Radionuclide and metals concentrations in ash increased by up to an order of 
magnitude relative to prefire sediment and soil concentrations. The ash is composed of the concentration 
remains of burned vegetation and forest litter, and non-flammable constituents like minerals, metals, and 
radioactive elements accumulated in the forest through decades of fallout. Within a few miles of LANL, 
the forest also may have contained some plutonium-239,240 accumulated from past Laboratory air 
emissions. 

Because of its short-lived nature, storm water runoff is not a source of municipal, industrial, or irrigation 
water, though wildlife and livestock may use the runoff. Storm water runoff is important to monitor, 
however, because it is one of the principal agents for moving fire- and Laboratory-derived constituents 
offsite and possibly into the Rio Grande. 

This report describes the water quality of storm water runoff samples collected through the summer runoff 
season of June through October 2000, illustrates the results of the analyses of the storm water runoff 
sampling, and provides an evaluation of the effect of the fire on storm water runoff in 2000. For important 
water quality constituents, the results of the storm water runoff sampling in 2000 are evaluated spatially 
and temporally and are compared with historical results and appropriate water quality standards. We 
considered standards developed for protection of livestock watering, wildlife habitat, public exposure, and 
groundwater-because the runoff may affect underlying shallow groundwater. Dissolved constituents of 
health concern, but not included in the above list of standards, were compared to the Environmental 
Protection Agency (EPA) and the Department of Energy (DOE) primary drinking water standards. The 
drinking water standards are included only for added perspective, as the standards are applicable only to 
community drinking water systems and not to runoff. 

Interpreting storm water quality data from semi-arid environments presents inherent problems. The 
possible permutations of flow and water quality often require large data sets to be collected before 
rigorous statistical analyses may be performed. Thus, some of our findings in this report are broad and 
preliminary. 

1.1 Runoff 

One of the most pronounced environmental effects resulting from forest fires is increased runoff from 
precipitation events. The maximum runoff yield before the fire from Canon de Valle and Pajarito and 
Water Canyons west of the Laboratory (along State Road [SR]501~ was 1.26 cfs/mi2• The discharge yield 
on June 28 for these same locations ranged from 250 to 540 cfs/mi , increasing more than 200 times from 
prefire peaks. Before the fire, the upstream average flow was about 220 ac-ft per year, and the prefire 
downstream average flow was about 120 ac-ft per year. In year 2000 after the fire, the total flow upstream 
of the Laboratory was 325 ac-ft, about 1.5 times higher than the prefire average, and the total 
downstream flow was 176 ac-ft, also about 1.5 times the prefire average. The increased volume of flow 
(50% increase) in 2000 is attributed to increased runoff after the Cerro Grande Fire, as total precipitation 
for the year was 13% below normal. 

In 2000, storm water runoff samples were collected at 40 stream sites at LANL and at two locations near 
LANL, including Rendija Canyon and Guaje Canyon. Including both unfiltered samples and filtered 
samples, a total of 299 storm water runoff samples were collected in 2000, of which 122 samples were 
analyzed for radionuclides, 289 samples were analyzed for general inorganic constituents, and 143 
samples were analyzed for trace metals. Additionally, some samples were analyzed for high explosives 
(HE) compounds, pesticides and polychlorinated biphenyls (PCBs), volatile organic compounds (VOCs), 
and semi-volatile organic compounds (SVOCs). A total of 18,800 data results were obtained from the 
analyses of the samples. 
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1.2 General Water Quality (Common Minerals, Nutrients, and Cyanide) 

Consistent with most other forest fires around the world, the first pulses of runoff after the fire were 
enriched in minerals and nutrients concentrated in the ash and eroded from the newly-exposed and 
hydrophobic surface soils. Of particular concern was the detection of significant levels of fire-associated 
cyanide in the early runoff events. Cyanide, if present in certain chemical forms (free or amenable 
cyanide) can be toxic to aquatic biota and wildlife. Detailed testing of the cyanide, however, indicated the 
vast preponderance of the cyanide was of less toxic forms. No fish kills in the Los Alamos area or in the 
Rio Grande have been reported. Elevated levels of these constituents were found in runoff several 
months after the fire. 

The general water quality constituents that were measured in concentrations substantially higher in 2000 
than historical maximum concentrations include calcium, cyanide, potassium, and phosphate. Amenable 
cyanide was found in concentrations greater than the New Mexico wildlife habitat standard in three 
samples from Water Canyon. 

The large runoff events often drained the heavily burned areas and carried large quantities of sediment 
and black ash. In a filled storm water sample container, for example, 25% or more of the volume can be 
sediment. The maximum total suspended solids (TSS) concentration in 2000 runoff (76,000 mg/L) was 
77% larger than the prefire maximum. The total mass of suspended solids measured at all upstream 
stations was about 2700 metric tons (MT), and the total mass of suspended sediment measured at all 
downstream stations was about 1200 MT. The TSS data indicate that about 1500 MT of suspended 
sediment, which included ash and muck and fine sediment material, were deposited in channels and 
floodplains at LANL during the 2000 runoff season. 

1.3 Radionuclides 

This report focuses on the long-lived radionuclides most commonly associated with Laboratory 
operations: americium-241, cesium-137, plutonium-238, plutonium-239,240, strontium-90, uranium, and 
tritium. 

The initial runoff events that drained the Jemez Mountains carried radionuclides derived from worldwide 
fallout and perhaps from past Laboratory air emissions. They were attached to suspended sediment and 
ash. As the flows traversed LANL, some of the material settled out in depositional areas and some was 
transported beyond the Laboratory's eastern boundary. The net effect was to slightly increase the overall 
inventory of radionuclides in some of the LANL canyons and in Rio Grande sediments. In drainages with 
a significant legacy of LANL-derived radionuclides, particularly Pueblo and Los Alamos Canyons, it is 
difficult to separately distinguish Cerro Grande Fire-derived radionuclides from LANL-derived. 
Regardless, all but one of the measurements for specific radionuclides were below comparison 
standards. 

• Concentrations of most of the target radionuclides in storm water runoff in 2000 after the Cerro 
Grande Fire were greater than Laboratory-wide prefire levels. The most pronounced differences were 
seen in samples collected immediately upstream of the Laboratory and reflect fire effects. Median 
concentrations of plutonium-239,240 at the upstream stations increased by 50 times over prefire 
levels, while the other fallout radionuclides increased 5 to 15 times. These runoff data support the 
possibility that a significant fraction (about two-thirds ) of the plutonium-239,240 in Cerro Grande Fire 
ash is from past Laboratory air emissions. 

• The increases in most of the radionuclide concentrations are attributable to two main factors: 
increased ash and sediment load in runoff and the enhanced constituent concentrations in the ash. 
The peak concentrations of americium-241, plutonium-238, and tritium were from locations impacted 
by LANL operations (DP Canyon and Material Disposal Area [MDA] G). Radionuclide concentrations 
were significantly lower in filtered samples than in unfiltered samples. About 75% to 95% of the 
radioactivity in a runoff sample was typically associated with particles (ash, silt, clay, etc.) carried by 
the runoff rather than dissolved in the water. 
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• Despite the increases from prefire levels, none of the target radionuclides in unfiltered runoff 
exceeded DOE Derived Concentration Guidelines (DCGs) for public exposure. Gross alpha 
concentrations exceeded the State of New Mexico Livestock Watering Standard (15 pCi/L) in about 
one-half of the runoff samples--the significance is not clear, however, because many of these 
exceedances were from samples collected upstream of the Laboratory, indicating natural sources. 

• All filtered storm water runoff samples met EPA and DOE drinking water standards for specific 
radionuclides and gross alpha, except for one sample. The EPA standard for strontium-90 (8 pCi/L) 
was exceeded in one sample collected on July 21 from the Los Alamos Canyon weir construction 
site, where the concentration of strontium-90 was 26.6 pCi/L. The source of the dissolved strontium­
go in this sample could be fire-related or from historical Laboratory releases. 

• Along the Laboratory's downstream boundary, monthly flow-weighted average radionuclide 
concentrations in unfiltered runoff show that peak concentrations occurred in June and July, with 5- to 
20-fold increases above prefire averages during these months for cesium-137, strontium-90, and 
uranium. Concentrations of these same constituents dropped considerably during August, 
September, and October. The decline in runoff concentrations is partly due to flushing of ash from the 
LANL drainages during July and August and the occurrence of less intense, late season rainfall 
events in August, September, and early October that largely missed the mountains west of the 
Laboratory. 

• The radionuclides that show increased total activity passing downstream locations in 2000 are 
cesium-137, plutonium-239,240, strontium-90, and uranium. The activity in runoff that passed 
downstream stations at LANL in 2000 was 2.3 mCi of cesium-137, 0.6 mCi of plutonium-239,240, and 
2.3 mCi of strontium-90. The mass of uranium that passed downstream was approximately 3 kg. Most 
of the uranium (89%) and strontium-90 (68%), about half of the cesium-137 (47%), and a portion of 
plutonium-239,240 (13%) is attributable to natural background concentrations in canyon sediments. 
The portion of the activity of radionuclides not attributable to background concentrations in suspended 
sediment is largely attributable to the effects of the Cerro Grande Fire for cesium-137, plutonium-
239,240, and strontium-90. This is due to the increased flows after the fire and radioactivity in the ash 
and sediment. 

• During relatively low magnitude runoff events, we see clear LANL impacts near historical release 
areas (DP Canyon, Los Alamos Canyon) and active operating sites (MDA-G). However, those 
sources are masked or substantially diluted during the large flow events that are dominated by Cerro 
Grande Fire sources. 

1.4 Metals 

Of 23 metals, 19 had higher flow-weighted average unfiltered concentrations in 2000 than previous years 
along the Laboratory's downstream boundary. Silver appears to be the only metal that is predominantly 
LANL-derived. It is most often detected in the southern canyons of the Laboratory, particularly Water 
Canyon. 

Metals in unfiltered runoff that were greater than minimum standards include mercury (4% of samples) 
and selenium (27%). Natural sources of these metals are evident, but it is unclear if LANL sources also 
are present. Dissolved metals concentrations above minimum standard values were aluminum, iron, 
manganese, and antimony. All of these dissolved metals are attributable to natural sources. 

Metals with concentrations in the suspended sediment fraction of the runoff that were greater than 
screening levels include iron, manganese, and thallium. Of these, manganese and iron were most often 
encountered in concentrations above the screening levels. The majority of the runoff samples, however, 
contain metals concentrations that meet the screening levels. 
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1.5 Organics 

The bio-accumulator compounds, PCBs and dioxins/furans, were not found in runoff above analytical 
detection limits. HE compounds detected include HMX, RDX, Tetryl, and several isomers of nitrobenzene 
and nitrotoluene. Except for HMX and RDX, these compounds were detected only in the large runoff 
event of June 28. When performing the analyses on the samples collected on June 28, however, the 
commercial analytical laboratory noted substantial matrix interferences because of the high ash content in 
these samples, and these values are suspect. Most of these HE compounds were detected in samples 
collected upstream or in canyons north of the Laboratory. Trace (sub-part per billion) levels of HMX and 
RDX also were detected in a runoff sample collected in lower Water Canyon at SR 4 (gage E265) in late 
October. 

Detections of SVOCs included five organic compounds, including benzoic acid, benzyl alcohol, and 
pyridine, which are thought to be products of combustion of forest fuels. Benzoic acid was detected 
throughout the runoff season in many fire-impacted drainages, and pyridine was detected in Guaje 
Canyon, north of the Laboratory. The one VOC detected in runoff in 2000 was 1 A-Dichlorobenzene. The 
three detections of this compound were at levels very near the analytical detection limit, and samples 
were collected from locations upstream of the Laboratory. Detections of all of organic chemicals except 
one were at concentrations below the EPA Region 6 screening values for tap water (EPA 2001 ). One 
runoff sample from Technical Area (TA) 54 MDA-G station G-4 contained bis(2-ethylhexyl)phthalate at a 
concentration approximately three times larger than the EPA screening level. 

1.6 Summary of Fire and LANL Impacts 

In summary, the primary effects of the Cerro Grande Fire with respect to storm water runoff are observed 
as higher runoff yields and higher runoff rates and volumes for what otherwise would have been relatively 
insignificant precipitation and runoff events. A consequence of higher runoff rates and volumes was the 
transport of higher suspended sediment loads. These sediment loads from the fire-impacted areas 
(mainly ash) carried higher concentrations of calcium, cyanide (total and amenable), potassium, 
ammonia, phosphate, barium, iron, manganese, cesium-137, plutonium-239,240, and strontium-90. The 
concentrations of calcium, barium, iron, ammonia, and strontium-90 in runoff declined through the runoff 
season. 

Laboratory impacts to runoff observed at onsite and downstream locations in specific canyons include 
increased concentrations in silver, tritium, americium-241, plutonium-238, plutonium-239,240, strontium-
90, and HE compounds. Additionally, there is evidence that a substantial portion of the plutonium-239,240 
in the Cerro Grande Fire ash may be from historic air stack emissions at the Laboratory. 

Regardless of source(s), the vast majority of the results were below health-based standards or guidelines. 

1.7 Background Information 

In May 2000 the Cerro Grande Fire burned about 43,000 acres of mixed conifer forest near Los Alamos, 
NM. The fire burned about 7400 acres on LANL, about 6% of which was considered high-severity burn 
(BAER 2000). In addition to the burning that occurred on LANL, about 10,000 acres of watersheds 
draining onto LANL from adjacent United States Forest Service (Santa Fe National Forest) lands burned. 
In these Forest Service watersheds above the Laboratory, from 20% to 80% of the acreage was 
considered high-severity burn. Table 1-1 lists the percentages of the upper watershed areas that were 
affected by the fire, and Figure 1-1 shows the areas of burn severity of the Cerro Grande Fire. On LANL, 
most of the area burned was considered low-severity burn, but numerous small structures burned and 
some inactive waste sites had cover vegetation that was at least partially burned. 
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Table 1-1. Impact of Cerro Grande Fire to the Upper Watershed Areas. 

Percentage of Watershed 

Canyon 
Affected by Fire Burn Severity %) 

Burned Unburned Low Medium High 

Guaje 71 29 22 26 22 

Rendija 100 0 2 10 88 
Pueblo 100 0 2 1 96 
Los Alamos 75 25 43 0.5 32 

Pajarito 100 0 44 3 53 

Water 94 6 49 5 40 
Source: BAER 2000, p. 280 

The increases in runoff and sediment yields after the fire were anticipated to be severe due to the 
steepness of the burned terrain and high severity of the burn, creating water-shedding hydrophobic soils. 
Peak flows from the upper watersheds after the fire were predicted by the Burned Area Emergency 
Rehabilitation Team (BAER 2000) to be hundreds of times greater than prefire conditions, even with 
aggressive postfire rehabilitation treatments. Table 1-2 shows the predicted peak flows in the upper 
watersheds of each canyon after a 25-yr, 1-hr storm event before the fire and after the fire. 

Table 1-2. Predicted Peak Flow (cfs) from Upper Watersheds. 

Prefire Postfire Postfire Treated 

Guaje 7 437 NA 
Rendija 1 2398 1740 

Pueblo 9 1278 983 
Los Alamos 24 281 238 

Pajarito 1 460 NA 
Water 4 504 NA .. 

Source: BAER 2000; data shown for 25-yr, 1-hr storm event of 1.9-m. prec1p1tat1on 

This report describes the water quality of storm water runoff samples collected through the summer runoff 
season of June through October 2000, illustrates the results of the analyses of the storm water runoff 
sampling, and provides an evaluation of the effect of the fire on storm water runoff in 2000. For important 
water quality constituents, the results of the storm water runoff sampling in 2000 are evaluated spatially 
and temporally and are compared with historical results and appropriate water quality standards for storm 
water runoff. Significant precipitation events and storm water runoff events that occurred at LANL in 2000 
after the Cerro Grande Fire are described in a separate report by Koch et al. (2001) and are summarized 
in this report. When compared to prefire conditions, significant changes were observed in the magnitude 
of runoff, sediment yield, and water quality. 

1.8 General Impacts of Fire on Watersheds 

Many of the fire impacts observed to date also have been recorded in studies of fires elsewhere, as well 
as locally with earlier crown fires in the Los Alamos area. Watersheds undergo significant responses to 
wildfire in southwest ecosystems. The responses include changes in the runoff characteristics, sediment 
yield, and water chemistry. The burning of the understory and forest litter triggers many of these changes. 
Under prefire conditions, the grasses and brush within a forest canopy serve to slow and capture 
precipitation, nutrients, and sediments. In the absence of the vegetative cover, the runoff becomes 
flashier, with sharper, higher magnitude flood peaks. For example, after the 1977 La Mesa Fire and the 
1996 Dome Fire in the Jemez Mountains, peak flows in Frijoles and Capulin Canyons were estimated 
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to be 164 and 123 times greater than the pre-burn peaks, respectively (Veenhuis 2001). With less 
vegetative uptake and retention, the total water yields from burned watersheds are higher. Once the 
runoff begins, loose soils and ash are quickly removed from the steeper hill slopes. Fire-associated debris 
can suddenly be delivered directly to streams in large quantities. 

Wildfires can also interrupt uptake of anions and cations by vegetation and speed mineral weathering. 
The concentrations of inorganic ions increase in streams after a fire (DeBano et al. 1979). The sudden 
addition of substantial quantities of carbon and minerals (like calcite) to the watershed initiates 
geochemical and pH changes. 

After the La Mesa Fire in 1977, an investigation of water quality perturbations in the base flow of Rita de 
los Frijoles showed a slight increase in calcium, bicarbonate, chloride, fluoride, and total dissolved solids 
(TDS). Runoff samples showed elevated suspended sediment, barium, calcium, iron, bicarbonate, 
manganese, lead, phenol, and zinc concentrations (Purtymun and Adams 1980). Base-flow water quality 
returned to normal three to five years after the fire. To understand the chemical water quality changes 
noted in runoff water after the Cerro Grande Fire, a summary of the reported effects of fire on runoff water 
chemistry and soils was compiled by Bitner et al. (2001 ). For general inorganic parameters, increases in 
dissolved calcium, magnesium, nitrogen, phosphorous, and potassium and pH has been observed in 
runoff after forest fires. Metals and radionuclides have been much less studied, but manganese, copper, 
zinc, and cesium-137 have been observed to increase in runoff after a forest fire. 

Of note are studies that describe the concentration of fallout-associated radionuclides in ash, and 
subsequently, in runoff at other locations where forest fires have occurred (Amiro et al. 1996, Paliouris et 
al. 1995). The studies conclude that fire caused the mobilization of fallout radionuclides bound to the 
forest canopy, or in the forest litter, and concentrated them in the ashy layer of the burned surface soil 
available for erosion. 

Except for the destruction of the physical habitat of the streambed and hillsides by floods, the results of 
previous studies indicate that these changes in chemistry and flow conditions are temporary, usually less 
than five years. Re-establishment of vegetative ground cover appears to be a critical factor controlling the 
recovery. Recovery in the hills above Los Alamos may take longer than at other fires, because of the 
steepness of the slopes and severity of burn. 

1.9 Cerro Grande Fire Ash and Muck and Relationship to Sediment and Soil 

After the Cerro Grande Fire, a large amount of residual ash was left in burned areas. The source of much 
of the material carried in storm water runoff during the 2000 runoff season was from ash and debris left by 
the Cerro Grande Fire. Ash and muck (postfire sediments dominated by reworked ash) were sampled in 
locations representative of background conditions west (upstream) of the Laboratory (LANL 2000a). Ash 
samples were also collected in the Viveash Fire area (near Pecos, NM) for comparison with ash samples 
from the Cerro Grande Fire (Hopkins 2001; Katzman et al. 2001 ). The results of the sampling document 
the presence of elevated cesium-137, plutonium-239,240, and strontium-90 concentrations in Cerro 
Grande Fire ash samples compared to prefire sediment and soils concentrations. An increase in the 
concentrations of several naturally occurring metals (for example, barium, manganese, and calcium) 
readily taken up into plant tissue was also observed. 

Some radionuclide and metals concentrations in ash increased by up to an order of magnitude relative to 
prefire sediment and soil. The mean concentration of cesium-137 in seven ash and muck samples 
collected after the fire in 2000 was 4.4 pCi/g, about five times the upper limit of the prefire background 
value (BV) for sediments and soils. The mean concentration of strontium-90 in the ash and muck samples 
was 2.08 pCi/g, about two times the prefire sediment BV; the mean concentration of plutonium-239,240 
was 0.37 pCi/g, about five times the sediment BV (LANL 2000b; Katzman et al. 2001 ). These results are 
consistent with the scientific literature, which shows forest fires can condense and mobilize natural 
radionuclides, fallout radionuclides, and metals (Bitner et al. 2001 ). 
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Based on a limited data set, ash from the Cerro Grande Fire appears to contain relatively higher 
plutonium-239,240 concentrations than the ash from the Viveash Fire (Katzman et al. 2001 ). There is 
evidence that LANL has contributed somewhat to the existing levels of plutonium-239 and other 
radionuclides in areas within a few miles of LANL (Fresquez et al. 1998). 

2.0 Related Health Assessments 

In various sections of this report we compare measured runoff water quality results against a variety of 
regulatory standards developed to protect human health, wildlife, and livestock for a few generic common 
water uses. This allows us to quickly test if individual chemicals or radionuclides are present at excessive 
concentrations. This analysis does not, however, account for the cumulative risk posed by the 
combination of multiple chemicals or radionuclides, nor does it account for site-specific land uses. 

As a complement to this study, several in-depth risk analyses are ongoing to evaluate the cumulative 
short-term and long-term risks posed by these agents. The most comprehensive risk analysis available to 
date is from the Interagency Flood Risk Assessment Team (IFRAT) (IFRAT 2001), a consortium of risk 
scientists from seven state and federal agencies. The I FRAT's study included development of a long-term 
(30-year) risk assessment that compared ash, ash-containing sediment, and water samples in and 
around the Pajarito Plateau and LANL before and after the fire. Based on 2000 results, their study shows 
that common activities, such as swimming or those that result in direct skin contact with ash-containing 
sediments or water, pose no substantial increased health risk over that posed by the same activities in 
non-ash containing sediment or water. These findings will be updated after the 2001 runoff season results 
are available. 

A Laboratory risk assessment team is evaluating the short-term (1-year) risks to humans from exposure 
to post-Cerro Grande Fire runoff and sediments (Kraig et al. 2001). 

A ~eparate independent risk assessment is being funded by the New Mexico Environment Department 
(NMED) and will be available in spring 2002. 

3.0 Storm Water Runoff and Sampling Activities in 2000 after the Cerro Grande Fire 

The Laboratory monitors runoff (storm water) from Pajarito Plateau stations to evaluate the environmental 
effects of its operations and to demonstrate compliance with permit requirements. Compliance status is 
discussed in Chapter 2 of the annual Environmental Surveillance Reports (e.g., LANL 2001 ). Periodic 
natural surface runoff occurs in two modes: (1) spring snowmelt runoff that occurs over days to weeks at 
a low discharge rate and sediment load and (2) summer storm water runoff from thunderstorms that occur 
over hours at a high discharge rate and sediment load. After drought conditions in early 2000, spring 
snowmelt runoff was essentially nonexistent, which contributed to the environmental conditions leading 
up the Cerro Grande Fire. This section discusses the impacts of the summer storm water runoff. Because 
of the short-lived nature, storm water runoff is not a source of municipal, industrial, or irrigation water, 
though wildlife and livestock may use the runoff. Storm water runoff is important to monitor, however, 
because it is one of the principal agents for moving fire- and Laboratory-derived constituents offsite and 
possibly into the Rio Grande. 

3.1 Runoff Monitoring Network 

Storm water runoff samples have historically been collected as manual grab samples from usually dry 
portions of drainages during or shortly after storm water events. Since 1996, storm water runoff samples 
have been collected using stream-gaging stations, most with automated samplers (e.g., Shaull et al. 
2001). Samples are collected when a significant rainfall event causes flow in a monitored portion of a 
drainage. Many storm water stations are located where drainages cross the Laboratory's boundaries. For 
the larger drainages, storm water flows are sampled at or near the downstream Laboratory boundary and 
at locations upstream of the Laboratory. In contrast, storm water runoff from several mesa top sites (for 
example, MDA-G, MDA-L, T A-55) is sampled at locations that target specific industrial activities, with 

9 



negligible run-on from other sources. Some runoff events are sampled manually (grab samples) to 
supplement the automated samplers. Runoff samples from the gaging stations are used to monitor water 
quality effects of potential contaminants sources such as industrial outfalls or soil contamination sites. 

In 1991, the Laboratory began regularly monitoring runoff from storm events on Laboratory property in 
Pueblo and Los Alamos Canyons. The number of monitoring locations (stream gages) was augmented 
from 1995 to 1999 and many of the stream gages were equipped with automated runoff samplers. By the 
year 2000, the sampling network comprised 60 sampling stations. Figure 3-1 shows the locations of the 
storm water sampling stations on the Pajarito Plateau in 2000. Figure 3-2 shows the locations of the 
manual runoff collection sites. 

In 2000, LANL conducted an extensive environmental monitoring and sampling program to evaluate the 
effects of the Cerro Grande Fire at the Laboratory and especially to evaluate if the Laboratory may have 
impacted public and worker health and the environment as a result of the fire. Storm water sampling 
activities were conducted according to the Institutional Monitoring and Sampling Plan for Evaluating 
Impacts of the Cerro Grande Fire (LANL 2000b). To document impacts of the Cerro Grande Fire, the 
Water Quality and Hydrology Group (ESH-18) attempted to sample every runoff event during the runoff 
season. Unfortunately, most samplers located along the Laboratory's western boundary (background 
stations) were destroyed by the June 28 runoff event. Based on precipitation records, we estimate that 
four probable light-to-moderate runoff events along the western boundary were not sampled after the 
destruction of stations in Canon de Valle and Pajarito and Water Canyons. We collected over 100 runoff 
samples from June through October. The majority of these samples were from onsite locations. 

The analytical results from storm water runoff samples collected from automated samplers and from 
manually collected storm water runoff samples provide the data for this report. Procedures used for 
manually collected samples followed recommended operating procedures outlined by the EPA in the 
"NPDES Storm Water Sampling Guidance Document, EPA 833-B-92-001" (EPA 1992). Other storm water 
runoff samples at LANL were collected in 2000 by the NMED DOE Oversight Bureau and by the LANL 
Environmental Restoration (ER) Project. 

Sampling intake tubes are positioned approximately 6 inches above the streambed. The ISCO™ 
automated samplers (ISCO™ Series #3700 Portable Samplers) are programmed to collect 24 liters of 
storm water, if adequate volumes are available during the runoff event. The samples are processed by 
sampling personnel and some samples are filtered to determine dissolved concentrations of analytes and 
appropriately preserved with acids or bases to stabilize the constituents before analyses. The samples 
are sent to contract laboratories for the analyses of radionuclides, metals, general water quality 
parameters, and other constituents. 

Using the automated flow monitoring stations and visual inspections of runoff conditions, Laboratory 
personnel collect storm water runoff samples at the following sites: 

1) upstream of Laboratory property as storm water moves onto Laboratory property from the Sierra 
de los Valles to the west, 

2) on Laboratory property as storm water originates at and moves through the Laboratory, and 
3) at sites at the downstream side of the Laboratory near the eastern boundary. 

Additionally, runoff samples are occasionally collected manually at specific locations where stream gages 
and automatic samplers are not located. These samples are designated as manual, or grab, runoff 
samples. Manual storm water runoff samples were collected at sites north of the Laboratory in Rendija 
Canyon and Guaje Canyon, downstream of sites that were formerly used by the Laboratory. 
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3.2 Summary of Runoff in 2000 

Runoff flow data at Los Alamos for water year 2000 are reported in the Laboratory's annual surface water 
report (Shaull et al. 2001) and a description of precipitation and runoff events in 2000 was provided by 
Koch et al. (2001). Figure 3-3 shows the annual precipitation at TA-6 and the summary of the results of 
monitoring storm water runoff at upstream and downstream stations for the period from 1994 through 
2000. Upstream stations are located in Los Alamos Canyon (gage E025), Pajarito Canyon (E240), Canon 
de Valle (E253), and Water Canyon (E252). Downstream stations include Los Alamos Canyon (E042), 
Sandia Canyon (E125), Canada del Suey (E230), Pajarito Canyon (E250), Potrillo Canyon (E267), Water 
Canyon (E265), and Ancho Canyon (E275). Flow data from lower Pueblo Canyon at gage E060 are not 
shown on Figure 3-3 because no upstream data are available for Pueblo Canyon, and the Los Alamos 
County sewage treatment plant discharges to lower Pueblo Canyon above gage E060, therefore, most 
flow at this gage is unrelated to runoff. 

Los Alamos Canyon, Pajarito Canyon, and Water Canyon have spring-fed reaches that extend onto the 
Laboratory where the flow is measured at the upstream gages. Assuming the spring-fed flows are similar 
from year to year, the annual differences seen in the upstream flows (Figure 3-3) are likely the result of 
differences in annual runoff volumes. Some years have upstream flows higher than downstream flows, 
and some years have downstream flows higher, which may be the result of differences in the location of 
precipitation events from year to year. 

The prefire upstream average flow for the period of record is about 220 ac-ft per year, and the prefire 
downstream average flow is about 120 ac-ft per year. The higher upstream flow reflects the contribution 
from spring-fed streams that don't extend across the Laboratory to the downstream stations, which 
primarily record snowmelt and storm water runoff. In year 2000 the total upstream flow at gage E025 in 
Los Alamos Canyon was 137 ac-ft; estimated flow at other upstream sites when runoff samples were 
collected was 194 ac-ft, for an estimated total upstream flow of 331 ac-ft, which is about 1.5 times higher 
than the prefire average. This estimate of flow at upstream sites in 2000 may be low due to the loss of 
most upstream gages in the June 28 flood event. The total downstream flow in 2000 was 176 ac-ft, also 
about 1.5 times the prefire average. The increased volume of flow in 2000 is primarily attributed to 
increased runoff after the Cerro Grande Fire, despite lower precipitation in 2000. 

Figure 3-4. shows the hydrographs for each downstream gage at LANL for the 2000 runoff season. 
Arrows on the figures indicate the flow events that were sampled at each of the gages 
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Figure 3-4. Hydrographs showing mean daily flow {cfs) and samples collected 

at downstream gages at LANL in 2000. 
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Gage E060 in Pueblo Canyon was not sampled until near the end of October while gages E042 in Los 
Alamos Canyon, E230 in Canada del Suey, E250 in Pajarito Canyon, and E265 in Water Canyon were 
sampled during each major flow event throughout the runoff season. Several flow events in Ancho 
Canyon (gage E275) and Potrillo Canyon (gage E267) were not sampled. 

Figure 3-5 shows the summary of available data for upstream and downstream runoff in acre-ft for the 
significant runoff events that were sampled in 2000. The largest runoff event was on June 28, 2000, when 
the estimated peak event flow in upper Pajarito Canyon at gage E240 was 1020 cfs and the total runoff at 
E240 was approximately 47.6 ac-ft (Shaull et al. 2001). The combined flow at upstream stations on June 
28 was approximately 155 ac-ft, and the combined flow at downstream stations was approximately 25 ac­
ft. Runoff at downstream stations on October 23 and October 28 was even higher, about 28 ac-ft and 37 
ac-ft, respectively. Most runoff events in 2000, however, were typically less than 5 ac-ft. As a result of the 
June 28 runoff event, three out of four of the upstream gages were destroyed; at these sites flow was 
estimated at the time samples were collected during significant runoff events. 

In June, higher runoff volumes passed through the upstream gages relative to the downstream gages. 
Conversely, more runoff appears to have passed through the downstream gages in October. However, 
because flow was not being gaged at the upstream stations after June 28, and runoff volumes for 
upstream gages were estimated for significant runoff events, it is likely that not all flow at upstream gages 
is represented on Figure 3-5. 
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Figure 3-5. Summary of upstream and downstream flow volumes for 
significant runoff events in 2000. 

The maximum runoff yield before the fire from Caiion de Valle and Pajarito and Water Canyons west of 
SR 501 was 1.26 cfs/mi2. The discharge yield on June 28 for these same locations ranged from 250 to 
540 cfs/mi2, increasing more than 200 times from prefire peaks. These increases are two to four times 
greater than those estimated for Frijoles and Capulin Canyons after the 1996 Dome Fire in the Jemez 
Mountains (Veenhuis 2001 ). 

A comparison of peak discharges before and after the fire is shown in Figure 3-6. Runoff data are 
available for 19 stream gages, of which 12 gages experienced record high runoff rates in 2000 (Shaull et 
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al. 2001). The highest runoff observed was at gage E240 in Pajarito Canyon at the western Laboratory 

boundary on June 28 where over 1000 cfs was estimated to have resulted from the 0.69 in. recorded at 

the nearby Pajarito Canyon Remote Area Weather Station. Gage E240 was destroyed by the floodwaters. 

Stream gage E241, located in Pajarito Canyon downstream from E240, also experience record high 

runoff and was also destroyed during the June 28 flood event. Other stream gages that received record 

runoff rates on June 28 were E242 in middle Pajarito Canyon, E253 in Canon de Valle, and Water 
Canyon gages E252, E261, E263, and E265. Additionally, peak discharges of approximately 1000 cfs 

were calculated for several runoff events for the ungaged Rendija and Guaje Canyons to the north of 

LANL. 

Stream gages that did not have record runoff rates in 2000 after the fire include E030 and E042 in middle 

and lower Los Alamos Canyon, E200 and E202 in Mortandad Canyon, E250 in lower Pajarito Canyon, 

E267 in Potrillo Canyon, and E275 in Ancho Canyon. The large runoff experienced in upper Pajarito 

Canyon on June 28, due to runoff from burned areas in the Sierra de Los Valles, largely dissipated in the 

lower part of the canyon, and the flow at gage E250 on this date was not a record event (Shaull et al. 

2001). 
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Figure 3-6. Peak flows in 2000 after the Cerro Grande Fire compared with historic flows. 

3.3 Potential Impacts to the Rio Grande 

This report describes the runoff quality measured on the Pajarito Plateau in 2000. Potential impacts to the 

Rio Grande will be presented in other companion reports (e.g., IFRAT 2001). 

In the Rio Grande exposure scenario, radiological and nonradiological constituents are carried into the 

river by floods from the Laboratory and the Cerro Grande Fire burn area. Although the pulse of flood 

waters typically lasts only a few hours, highest concentrations in the Rio Grande will likely occur during 

the brief several-hour period when the flood waters enter the river. 

A major factor controlling impacts to the Rio Grande is dilution. For most of the summer months, average 

daily flows in the Rio Grande were more than a thousand times greater than the combined flows in LANL 

canyons along the Laboratory's downstream boundary. Under extreme conditions, during the brief period 

when flood waters are entering the Rio Grande, we calculated that Pajarito Plateau concentrations will be 

diluted by at least four times (Kraig et al. in preparation). 
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3.4 Storm Water Sampling in 2000 

A list of the stream gage sampling stations and manual collection sites that were sampled during the 2000 
season is in Table 3-1. Storm water runoff samples were collected at 40 stream sites at LANL in 2000. 
This table shows the canyon where the sample collection sites are located, the common name of the 
collection site, whether automated or manual runoff samples were collected at each site, and the relative 
location (upstream, ohsite, downstream, or near-site) for each collection site. In 2000 runoff samples were 
collected at two locations near LANL, including in Rendija Canyon at the third road crossing (ER3X- near 
the eastern property boundary between LANL and United States Forest Service land, and in lower Guaje 
Canyon at SR 502 [EGS4]). All other storm water collection sites are located on LANL property. 

Table 3-1. Storm Water Runoff Collection Sites at LANL. 

Gage Canyon Location Collection Method 

8
Up = upstream, On = onsite, Down = downstream, Offsite = Off LANL site 
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Storm water runoff samples were collected on 27 days during the summer 2000 runoff season. A list of 
the dates when runoff samples were collected and the locations that were sampled is in Table 3-2. Some 
runoff samples were collected on days following precipitation events, so the sample dates do not 
necessarily reflect the dates of precipitation. Some sample collection sites were sampled on consecutive 
days when runoff continued after a storm event. 

Table 3-2. Dates and Locations of Storm Water Runoff Collection in 2000. 

15-Jul 
i 17-Jul ER3X 

r-=---=~~1-~~~J=u-l~-~---~------~·····~~~------~-~~--~--~~~----------------------------------~ 
f----·· 21-Jul 
__ ! ______ 2=-=5=---:::..Ju=I~--Y:::...::...=..::--=~~=--~-~--------=--··-=·--···----~------·----------·--I 
I 29-Jul E230, E248, E248.5, E265 
r·~········--·--·-········- ------~---------------------···-·-··--·-·--·--··-··--i 

i 09-Au E221, E227, E230, E247, E248, E248.5, E?_~I._~~------~~-------1 

L ... _______ !_~~1:1.9 __ ~--- ~~.§ _________ ~-······ --- ···-··············--~----·······--······- ---------······----·--·---·--·-.. --........... --.....; 
I 15-Aug E249.5 

I 18-Au E227, E230, E248.5, E,~~5, E273, E27_§ ___ , ···-----------~---·--.. --·-·-1 

i-· 24-Aug _EPRP -~---... ·-------- _____ ---------~ 
! 31-Aug EULR, ELAR 
~,~,~--~--~---~ ON""""'~-----~vmv-w--m-• v•• v•••··--~~---WV'"V"""""~"~--~mv w "·~-'"""''"'""VV"""wc-cwcc~v~~~-~~-~-·--·~~~-----

L _ _98-Sep E240, EGS4 
L__ .. J 2-Sep 025 
I 07-0ct r -- ·- .. ·11~oa ---~-
r--·----------

12-0ct 
[""""'""''""""-""''""""-"'"~" -.. ~-~-
! 23-0ct 

~-------! _ .. ______ 2 .. _4_-_o ____ c __ t _________ _ 
25-0ct 
27-0ct 
28-0ct 
30-0ct 

a See Table 3-1 for location names of sampling stations 

The complete list of all storm water runoff samples that were collected in 2000 is in Appendix A. This 
table also shows the analytical suite(s) that were performed for each sample. The number and types of 
analyses that were performed on the storm water runoff samples are summarized in Table 3-3. Including 
both unfiltered samples and filtered samples, a total of 299 storm water runoff samples were collected in 
2000, of which 122 samples were analyzed for radionuclides, 289 samples were analyzed for general 
inorganic constituents, and 143 samples were analyzed for trace metals. Additionally, some samples 
were analyzed for HE compounds, pesticides and PCBs, VOCs, and SVOCs. A total of 18,800 data 
results were obtained from the analyses of the samples. 
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Table 3-3. Summary of Analyses Performed on Runoff Samples in 2000. 

General 
Water Pesticides 

Sample Type Chemistry Radionuclides Metals - PCBs SVOCs HE VOCs 

Unfiltered Samples 190 75 86 45 41 31 12 

Filtered Samples 99 47 57 0 0 0 0 

Total Samples Analyzed 289 122 143 45 41 31 12 

If an adequate volume of water was available at an automated sampling device, three samples were 
usually collected for analyses at each collection site: (1) an unfiltered sample for various analyses, (2) a 
filtered sample for various analyses, and (3) an unfiltered sample specifically for TSS analysis. Appendix 
A lists the sample ID numbers and indicates whether the sample was filtered (F) or unfiltered (UF) and the 
analytical suites and number of analyses that were obtained for each sample. Depending on the volume 
of sample that was available from the automated sampling device and/or the specific runoff event, all 
three sample types could not always be collected for all analyses. If the volume of water for a sample was 
limited, a priority list of analyses was used to determine the analytical suites, based on parameters such 
as location of sample site, potential contaminants in watershed area, and regulatory requirements. 

The common analytical suites and analytical methods used to obtain general inorganic water quality 
parameters, important radionuclides, and metals are listed in Table 3-4. Samples analyzed for 
radionuclides were generally also analyzed using gamma spectroscopy, which provides screening results 
for about 54 radionuclides. Analyte lists, analytical methods, and quantitation limits for HE compounds, 
VOCs, SVOCs, and PCBs are provided in Appendix Tables in LANL's annual Environmental Surveillance 
Reports (e.g., LANL 2000c, Tables A-9, A-10, A-11, A-12, and A-13). 

4.0 Storm Water Runoff Quality in 2000 

The data presented and discussed in this report were obtained by ESH-18. This group collected most of 
the storm water runoff samples in 2000 after the Cerro Grande Fire. Other groups that collected limited 
numbers of storm water runoff samples at or around LANL in 2000 include the US Geological Survey, 
NMED DOE Oversight Bureau, and the LANL ER Project. The results of the storm water runoff sampling 
in 2000 for general inorganics are shown in Appendix Table B-1; the results of radionuclide analyses are 
shown in Appendix Table B-2; and the results of metals analyses are shown in Appendix Table B-3. The 
data are also available on the internet at the following site: 

http://wqdbworld.lanl.gov/ (outside LANL firewall) 

A brief description and discussion of the storm water quality in 2000 is provided in the report 
Environmental Surveillance at Los Alamos during 2000 (LANL 2001 ). A detailed analysis of the storm 
water quality in Los Alamos Canyon during the first significant runoff event after the Cerro Grande Fire 
has been provided in the report Storm Water Quality in Los Alamos Canyon following the Cerro Grande 
Fire (Johansen et al. 2001). 

Interpreting storm water quality data from semi-arid environments presents inherent problems. Runoff is 
typically short-lived (lasting one or two hours), occurs in localized areas or across broad zones depending 
on the storm nature (convective vs. frontal), and the water quality varies with streamflow. The possible 
permutations of flow and water quality often require large data sets to be collected before rigorous 
statistical analyses may be performed. 
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Table 3-4. Common Analytes and Analytical Methods for General Water 
Quality Parameters, Selected Radionuclides, and Metals Analyses. 

Water Qualit Parameters Radionuclides Metals 
Analyte3 Method Analyte Method Analyte Method 
ALK-COJ SM:A2320B Am-241 ~lpha-Spec Ag EPA:200.7 

ALK-COJ+HCOJ SM:A2320B GROSSA EPA:900 AI EPA:200.7 
ALK-HCOJ SM:A2320B GROSSB EPA:900 As EPA:200.7 

Ca EPA:200.7 Cs-137 Gamma Spec. B EPA:200.7 
Cl(-1) EPA:300 H-3 EPA:906.0 Ba EPA:200.7 

CN (amen) EPA:335.1 Po-210 Alpha-Spec Be EPA:200.8 
CN (TOTAL) EPA:335.2 Pu-238 ~lpha-S_pec Be EPA:200.7 

COD EPA:410.4 Pu-239,240 ~I ph a-Spec Cd EPA:200.8 
F(-1) EPA:340.2 Ra-226 EPA:903.1 Co EPA:200.7 

K EPA:200.7 Ra-228 EPA:904 Cr EPA:200.7 
Mg EPA:200.7 Sr-90 EPA:905 GFPC0 Cu EPA:200.7 
Na EPA:200.7 Th-228 Alpha-Spec Fe EPA:200.7 
NH'' EPA:350.3 Th-230 Alpha-Spec Hg EPA:245.1 

NHJ-N EPA:350.1 Th-232 ~I ph a-Spec Mn EPA:200.7 
NOJ+NO:.!-N EPA:353.1 U-234 ~lpha-Spec Mo EPA:200.7 

pH Generic pH U-235,236 Alpha-Spec Ni EPA:200.7 
P04 -P EPA:365.4 U-238 Alpha-Spec Pb EPA:200.8 

Si EPA:200.7 Sb EPA:200.8 
S04(-2l EPA:300 Se EPA:200.7 

Specific Cond EPA:120.1 Sn EPA:200.7 
Specific Gravity SM:A2710F Sr EPA:200.7 

TDS EPA:160.1 Ti EPA:200.8 
TKN EPA:351.2 Tl EPA:200.8 
TSS EPA:160.2 u EPA:200.8 

Oil & Grease EPA:413.1 v EPA:200.7 
LOI EPA:160.4 Zn EPA:200.7 

"ALK = alkalinity, CN =cyanide, COD =chemical oxygen demand, LOI = loss on ignition, TDS =total dissolved solids, 

TKN =total kjeldahl nitrogen, TSS =total suspended solids, TSS(m) = maximum TSS concentration. 

bGFPC = Gas Furnace Proportional Counting 

In the Los Alamos area, the Cerro Grande Fire impacts and unusual prefire climatic and hydrologic 
conditions amplify these problems. Several additional years of observations may be needed to quantify 
the impacts of the fire. Thus, many of our findings in this report are preliminary. 

In the following discussions, the runoff data are evaluated by comparing with historical levels and relevant 
standards and by examination of spatial and temporal trends, where possible. These comparisons 
indicate whether the 2000 results vary dramatically from previous years and provide some environmental 
health context to the individual results. Two companion studies use these runoff results to quantify 
potential health risks associated with the storm water (IFRA T 2001; Kraig et al. in preparation). 

The benchmarks for comparing to historical levels are the prefire, 1995-1999, concentrations from storm 
water samples collected across the Laboratory. The 1995-1999 data set is used for comparison because, 
although runoff data were collected before 1995, the post-1995 data have similar sampling methods to 
the current data. The prefire dataset primarily includes results from Los Alamos Canyon and Canada del 
Buey because the availability of prefire runoff data from other drainages is limited. Prefire flow was 
minimal in many of the drainages because of drought conditions and unusually low runoff yields from the 
Jemez Mountains. For example, Frijoles Creek's average annual flow was an order of magnitude less 
than regional predictions (Leopold 1994); a result attributed to the Plateau's high permeability and 
evapotranspiration (Mott 1999). 
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The general lack of prefire runoff along LANL's western boundary is a major limiting factor to evaluating 
the year 2000 results. We generally do not have sufficient prefire data to analyze the impacts of the fire 
and of LANL on a watershed by watershed basis. Runoff in Water Canyon, for example, was largely 
absent before the fire, yet it contributed much of the offsite flow in 2000. Rather than evaluating the data 
on a watershed scale, we group the data into three broader geographic categories: 

• Upstream (canyon stations along LANL's western boundary and north of LANL--Rendija and Guaje 
Canyons) 

• Onsite (canyon and mesa top stations in central portion of LANL), and 
• Downstream (stations near LANL's eastern boundary, along SR 4 and SR 502). 

The following discussions of chemical and radiological results include an evaluation with respect to fire­
related impacts and LANL-related impacts. Fire-related impacts are generally impacts that are observed 
primarily at upstream sites, with respect to LANL, and in Guaje and Rendija Canyons north of LANL that 
can be attributed to runoff from fire-impacted areas. Fire-related impacts are also observed in runoff that 
originated from upstream fire-impacted areas and extended across LANL in the larger runoff events that 
flowed through canyons at LANL. LANL-related impacts are interpreted to be those impacts that are not 
observed at upstream locations and in Guaje or Rendija Canyons, but primarily are observed only at 
LANL onsite and downstream locations. 

4.1 Trend Comparisons Using Flow Adjusted (Weighted) Concentrations 

Several chemical time series graphs in this report (see, for example, Appendix C) show how the 
concentrations of chemicals or radionuclides varied through the 2000 runoff season. The data values 
represent a wide spectrum of environmental and flow conditions present at the time of sampling. For 
completeness and to ensure that the data range is represented, all data values are treated alike and 
displayed similarly in the time series plots. From a chemical transport perspective, however, the larger 
flow events carry substantially larger quantities of material than the smaller events, and some adjustment 
is needed to emphasize (weight) the larger events. Thus, for selected analytes, we further evaluate the 
concentration trends by using an averaging technique to minimize (normalize) the impact of streamflow. 

Changes caused by variation of streamflow are particularly troublesome in trend detection efforts (Gilbert 
1987). As streamflow increases, many water quality properties and constituents (specific conductance, 
dissolved solids, major dissolved ions, and dissolved metals) decrease in value or concentration. Other 
constituent concentrations (suspended sediment and, occasionally, nutrients) increase with increasing 
streamflow. 

Some analytical technique is required to control for, or to remove, the effects of discharge in order to 
reveal nonclimatological chronological trends (Harned et al. 1981). To estimate changes in TSS 
concentrations, we used an averaging technique (flow weighting) designed to account for the variation in 
sediment associated with a changing streamflow regime (Belillas and Roda 1993; Brown and Krygier 
1971). We will adjust the measured runoff concentrations by streamflow to preliminarily evaluate trends 
and changes from prior years. 

For this effort, runoff volume and quality data were integrated for the individual drainages. The flow­
weighted average concentration of selected analytes in storm water runoff in 2000 and recent years was 
calculated. First, the concentrations measured at each runoff event were multiplied by the total flow 

measured or estimated for each event (see Section 3.2), which determines the mass value (in mg, j..lg, or 
Ci) of each analyte transported in each flow event. Next, the mass values and total runoff volumes from 
each individual runoff event were summed for the year, and the total yearly mass value was divided by 
the total yearly runoff volume to determine the flow-weighted average concentration for each radionuclide 
for each year: 
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n 

= Flow weighted average concentration (mg/L, IJg/L, or pCi/L) for period of interest, 
= Analyte concentration (mass or activity per L) measured in runoff event i, 
=Total volume (L) in runoff event i, 
=Total number of results (samples) in period of interest. 

4.2 Box Plots 

Many figures in the following discussion show summary "box plots" of the runoff data. Box plots are useful 
for looking for differences between groups of data. The box plots summarize the distribution of the results 
of all samples analyzed for each data group, including samples reported as laboratory non-detects. The 
plots are a convenient way to compare groups of large numbers of data values. Box plots graphically 
show the minimum, median, and maximum values of the data set and the distribution pattern of the 
analytical results. Box plots provide a good representation of the variability of the data and the skewness 
or symmetry of the distribution. Box plots also indicate which data groups may be statistically different-if 
two boxes do not overlap vertically in the figure, there is a reasonable likelihood that the two groups are 
significantly different. 

The box contains the middle 50% of data values (25th to 75th percentile range, or 1st to 3rd quartiles). The 
bottom and top of the box is called the inner quartile (IQ) range. The median of the data set is 
represented by the middle bar in the box. The vertical lines, called whiskers, that extend above and below 
the box represent high and low data values that are within ±1.5 times the IQ range. Data values beyond 
the whiskers are shown by solid circles (1.5 to three times the IQ range) and open circles (>3 times IQ) 
(Tukey 1977). For sample results that are reported below analytical method detection limits by the 
laboratory, and for results that are reported less than zero, the detection limit values were used to provide 
a representative distribution pattern for concentration values. 

4.3 General Water Quality Parameters in Storm Water Runoff 

This section reviews the water quality results for common minerals, nutrients, and cyanide. The results of 
general water quality parameter analyses of storm water runoff in 2000 are shown in Appendix Table B-1. 
The number of analyses performed for general inorganic water quality parameters in storm water runoff 
and the number of detections and non-detections is summarized in Table 4-1. More detailed discussion 
regarding key fire- and LANL-related chemicals is presented in Appendix C. 

The common minerals and nutrients are normally derived from natural soils and plant tissues. 
Physicochemical changes after the fire enhanced their availability and concentrations increased in water. 
These responses have been widely studied and reported in the scientific literature. Monitoring results for 
the Los Alamos area for minerals and nutrients are generally consistent with results from other fires. 

The detection of cyanide in the initial runoff events after the fire, however, was less understood and was 
of considerable concern. In certain chemical forms, cyanide is toxic to aquatic biota and wildlife (Irwin et 
al. 1997). Fortunately, we have not received any reports of fish kills in the Rio Grande, and it appears as if 
most of the cyanide was not of a biologically harmful form. Elevated levels of cyanide were present in 
runoff for several months after the fire. The fire retardant used in the Cerro Grande Fire contains a 
sodium ferrohexacyanide (Na4Fe(CN)6•10H20) compound, which is added as an anti-caking additive and 
as a corrosion inhibitor to protect the tanks on the slurry bombers. The compound reduces the effects of 
highly corrosive ammonium and phosphate compounds that are used as the actual fire suppressants 
(Little and Calfee 2000). Compared to many other cyanide compounds, sodium ferrocyanide is not 
particularly toxic (MSDS 2001 ). The CN-anions are complexed with the sodium/iron molecule and are not 
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biologically available. Research has indicated that more biologically harmful cyanide compounds may 
form upon exposure of the sodium ferrohexacyanide to ultraviolet radiation from sunlight (Little and Calfee 
2000). Another possible cyanide source is natural combustion. Smoke from smoldering fires has been 
shown to contain hydrogen cyanide (HCN) gas (Yolkeson et al. 1997), and it is theoretically possible for 
some of the gas to be re-deposited on the ground surface. We are not aware of any studies that ascribe 
cyanide in runoff to this source. 

The minimum, maximum, and median concentrations obtained for each general inorganic analyte are 
shown in Table 4-2. The summary of the results for unfiltered storm water runoff is shown graphically in 
box-plots in Figure B-1 in Appendix Band the summary for filtered storm water runoff is shown graphically 
in box-plots in Figure B-2 in Appendix B. 

Table 4-1. Summary of Analyses and Laboratory Detections of 
General lnorganics in Storm Water Runoff Samples in 2000. 

Unfiltered Sam_ples Filtered Samples 

Analyte a 
No. No. 

No. No. Non- % No. No. Non-
Analyses Detects Detects Detects Analyses Detects Detects 

ALK-C03 1 0 1 0% 33 1 32 

ALK-C03+HC03 1 1 100% 33 33 

ALK-HC03 1 1 100% 33 33 

Ca 25 25 100% 17 17 

cr 2 2 100% 32 32 

CN (amen) 93 10 83 11% 

CN (TOTAL) 97 52 45 54% 

COD 79 79 100% 

F 4 4 

K 25 25 100% 17 17 

LOI 59 59 100% 3 3 

Mg 94 94 100% 56 56 

Na 25 25 100% 17 17 

NH3 22 15 7 68% 

NH3-N 53 39 14 74% 

N03+N02-N 71 65 6 92% 3 2 1 

Oil & Grease 7 4 3 57% 

PH 3 3 100% 

P04-P 76 76 100% 4 4 

so4 2 2 100% 32 32 

Spec. Conductivity 51 51 100% 7 7 

TDS 96 95 1 

TKN 80 80 100% 

TSS 149 147 2 99% 

TSS(m) 123 123 100% 

% 
Detects 

3% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

67% 

100% 

100% 

100% 

99% 

• ALK = alkalinity, CN =cyanide, COD = chemical oxygen demand, LOI = loss on ignition, TDS =total 
dissolved solids, TKN =total kjeldahl nitrogen, TSS =total suspended solids, TSS(m) = maximum TSS 
concentration. 
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Table 4-2. Summary of General Water Quality Parameters in Storm Water Runoff in 2000 (mg/L)8
• 

Analyte 
Unfiltered Filtered Water Quality Standards0 

Min. Median Max. Min Median Max. Min. Std Standard Type 
Alkalinity-Total 8.2 50.5 230.0 

Ca 8.0 275 1110.0 26.7 58.0 99.0 
Cl 0.25 3.25 53.20 250 NMGW 

CN (amen) 0.00304 0.0040 0.06200 0.0052 NM Wildlife 
CN (total) 0.00311 0.0116 0.1760 0.20 NMGW 

COD 5.44 31.6 851.00 
F 0.10 0.13 0.16 1.6 NMGW 
K 1.0 31.6 111.3 5.6 18.9 32.0 

LOI 26.0 203.5 3490.0 1170.0 1200 10500.0 
Mg 0.52 17.9 188.00 0.48 5.25 39.30 
Na 1.00 8.00 14.00 2.00 7.00 12.00 

NH3-N 0.03 0.73 4.16 
N03-N 0.02 0.34 1.27 10 NMGW 

pH (SU) 7.15 7.29 7.29 6-9 NMGW 
P04-P 0.08 0.94 14.50 0.16 0.41 0.45 
so4 0.41 4.02 16.70 600 NMGW 

Spec. Cond. (uS/em) 22.1 139 573.0 75.7 215.0 365.0 
Specific Gravity 0.00 0.998 1.17 0.98 0.99 1.00 

TDS 17.0 217.0 570.0 1000 NMGW 
TKN 0.3 2.64 64.0 
TSS 31.7 4115 76000 

8
Values in mg/L except where noted; SU = standard units; Spec. Cond. = specific conductance; CN = cyanide; TDS =total 

dissolved solids; TKN = total kjeldahl nitrogen; TSS = total suspended solids. 
bStandards presented for comparison purposes. NM GW = New Mexico Water Quality Control Commission (NMWQCC) 
Groundwater Standards (applicable for these analytes to filtered waters). NM Wildlife = NMWQCC Standards for Interstate and 
lntratstate Surface Water- Wildlife Habitat Standards (amenable cyanide standard applicable to unfiltered waters). 

4.3.1 Comparison with Historical Maximum Concentrations 

Figure 4-1 shows the minimum, median, and maximum concentrations of general water quality 
parameters measured in runoff in 2000 and the historical maximum concentrations measured in runoff 
from 1995 through 1999. Maximum concentrations of most water quality parameters in 2000 runoff were 
higher than historical maximums, except for fluoride, sodium, nitrate, and sulfate, which were measured 
within the range of concentrations historically observed. 

The general water quality parameters that were measured in concentrations significantly higher in 2000 
than historical maximum concentrations include calcium, total cyanide, potassium, and phosphate. 

The maximum calcium concentration in unfiltered runoff in 2000 was 1110 mg/L, significantly higher than 
the historical maximum of 140 mg/L; 15 of 25 samples (60%) collected in 2000 contained calcium 
concentrations greater than the historical maximum. Most samples containing calcium concentrations 
greater than 600 mg/L were collected from high-volume runoff from fire-impacted areas on June 28 in 
Pajarito Canyon and Water Canyon/Canon de Valle; the other sample that contained greater than 600 
mg/L calcium was collected from high-volume runoff in Guaje Canyon on July 9, which was also from fire­
impacted areas. 
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Figure 4-1. General water quality parameters in 2000 compared with historical 
maximum concentrations. 

The highest concentration of total cyanide measured before 2000 was 0.01 mg/L, and most historical 
cyanide analyses were below detection limits. In 2000, however, total cyanide was measured above the 
detection limit in 52 of 99 samples and the maximum concentration measured was 0.176 mg/L in a 
sample from Guaje Canyon on July 9. The highest concentration in samples from LANL was 0.176 mg/L 
in a sample from middle Pajarito Canyon (gage E18C) on June 28. Of six samples with concentrations 
greater than 0.10 mg/L, four samples were from the June 28 large runoff event, and one was collected 
from upper Los Alamos Canyon (gage E025) on July 18. The higher cyanide (total) concentrations in 
2000 are from runoff from fire-impacted areas. 

The maximum concentration of amenable cyanide in 2000 runoff was 0.062 mg/L in a sample collected 
from upper Water Canyon (gage E252) on June 28. The next highest concentration was 0.0457 mg/L in a 
sample from lower Water Canyon (gage E265) collected on July 29. In 2000, only 10 of 83 samples 
(11 %) analyzed for amenable cyanide contained detectable concentrations. The prefire highest 
concentration was 0.02 mg/L, which was approximately the detection limit of historical sample analyses. 
Amenable cyanide is important because it is a measure of the potentially biologically harmful forms of 
cyanide. Amenable cyanide is that portion of cyanide that is amenable to chlorination and is comparable 
to "free acid dissociable" cyanide listed in the New Mexico stream standards. 

The highest concentration of potassium in 2000 runoff was 111.3 mg/L in a sample from upper Pajarito 
Canyon (gage E240) collected on June 28. The previously highest potassium concentration was 30.67 
mg/L. In 2000, 13 of 25 samples contained greater than 30 mg/L potassium. The nine highest 
concentrations of potassium were collected from the high-volume runoff event on June 28. Potassium 
concentrations correlate with TSS (see following section on TSS). 

The highest concentration of phosphate (as phosphorous) in 2000 runoff was 14.5 mg/L in a sample from 
lower Water Canyon (gage E265) collected on July 29. The highest concentration measured before 2000 
was 1.74 mg/L; 27 of 76 samples (35%) in 2000 contained higher concentrations of phosphate and nearly 
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all of these samples were from runoff from fire-impacted areas and all samples containing greater than 
2.3 mg/L were from fire-related runoff. 

The highest TSS concentration in runoff in 2000 was 76,000 mg/L in a TSS(m) sample collected from 
Guaje Canyon on September 8. The highest concentration in a sample from LANL runoff was 71,400 
mg/L in a sample collected from lower Water Canyon (gage E265) on October 23. The historical 
maximum concentration of TSS was 43,140 mg/L. In 2000 only 12 of 272 analyses for TSS were above 
the historical maximum and, except for the sample from Guaje Canyon, all other samples greater than the 
historical maximum concentration were from lower Water Canyon at gages E263 or E265. 

4.3.2 Comparison of General Water Quality Parameters to Standards 

The minimum standards that are applicable to storm water runoff are listed in Table 4-2 (also see 
Appendix Table B-1 ). The summary of the general water quality parameters for which standards exist is 
shown in Figure 4-2 with the minimum standard values. The drinking water and groundwater standards 
are typically compared with results from filtered samples, and wildlife standards are typically compared 
with unfiltered results. 
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Figure 4-2. Summary of water quality parameters compared with minimum standards. 

The water quality parameters that were greater than minimum standards in 2000 runoff include cyanide 
(amenable) and TDS. Cyanide (amenable) was found in concentrations greater than the NMWQCC 
wildlife habitat standard in three samples from Water Canyon. The highest concentration of cyanide 
(amenable) was 0.62 mg/L in a sample from upper Water Canyon (gage E252) collected on June 28. The 
other samples were from lower Water Canyon (gage E265) collected on July 29 and August 18. 

The only runoff sample that contained TDS above the EPA secondary drinking water standard of 500 
mg/L was a sample from Guaje Canyon collected on September 8. All runoff samples collected from 
runoff at LANL were below 500 mg/L TDS. 

4.3.3 Total Suspended Sediment 

A major impact of the Cerro Grande Fire was substantially increased transport of sediment onto and 
across the Laboratory. A significant increase in TSS concentrations in storm water runoff from fire­
affected areas is caused by a lack of vegetation and higher runoff volumes. The initial runoff events of 
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June and July carried abundant ash and sediment on a widespread basis, though fire-impacts were seen 
locally in samples collected in late October. The prefire maximum TSS concentration was 43,140 mg/L, 
after the fire the maximum TSS concentration in runoff was 76,000 mg/L and 12 samples contained TSS 
greater than the prefire maximum. 

Runoff samples from automated samplers are collected in multiple sample containers that are typically 
composited before the samples are prepared for laboratory analyses, which routinely include TSS 
analyses. In 2000, a portion of the sampler container that had the highest apparent turbidity and 
suspended sediment was packaged separately for a unique TSS analyses that was labeled TSS(m), for 
maximum TSS. The results of these analyses were reported separately by the laboratory, but are 
included in the following discussion of TSS results. The routine TSS values are used with other analytical 
results to calculate mass values of constituents. 

Figure 4-3 shows the summary of TSS concentrations of samples from upstream, onsite, and 
downstream locations and for samples collected in Guaje and Rendija Canyons. The median TSS value 
at upstream sites in 2000 was 7625 mg/L and at downstream sites was 8610 mg/L. The median TSS 
value of runoff samples collected on site was 2645 mg/L, significantly lower than upstream and 
downstream sites and attributed to several on site samples collected at T A-54 MDA-G that were not fire 
related and comprised relatively low flow rates and TSS values. The highest concentration of TSS in 
analytical samples was 59,600 mg/L from Water Canyon below SR 4 on August 12, 2000. The highest 
TSS(m) concentration in all samples was 76,000 mg/L from Guaje Canyon above SR 4 on September 8. 
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Figure 4-3. Summary of TSS concentrations at upstream, onsite, and downstream locations. 
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The four runoff samples collected in Guaje and Rendija Canyons have a higher distribution of TSS values 
than samples collected at LANL, but most values in Guaje and Rendija Canyons are within the range of 
higher outlier concentrations from onsite and downstream locations. The higher TSS values are 
associated with high runoff rates from fire-impacted areas of the watersheds. 

For most cations and anions, the higher concentrations are associated with higher TSS values that 
accompany higher runoff rates. Figure 4-4 shows the relationship between calcium, magnesium, 
potassium, and sodium in unfiltered samples with the TSS concentration. Calcium, magnesium, and 
potassium generally show a positive correlation with TSS. Sodium and other water quality parameters, 
such as alkalinity, nitrate, ammonia, and phosphate, are typically dissolved in runoff and do not have a 
significant correlation to TSS concentration, but tend to correlate more with the TDS concentration. 
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Figure 4-4. Bivariate distribution of selected cations and TSS in unfiltered storm water runoff. 

The concentrations of many constituents were elevated above levels observed in previous years. 
Increases were noted for total alkalinity, calcium, magnesium, potassium, total phosphorous, and cyanide 
concentrations. These increases were generally due to release of these constituents by fire, changes in 
chemical states and complexation, and changes in the postfire environment such as increased pH. 
Previous investigations of storm water runoff characteristics at other locations show increases in many 
minerals and nutrients after forest fires (e.g., Bitner et al. 2001; DeBano et al. 1979, Helvey et al. 1985, 
Tiedemann et al. 1978, Belillas and Roda 1993). 

Figure 4-5 shows the comparison of available prefire flow-weighted average TSS concentrations with 
postfire flow-weighted average TSS concentrations at collection sites upstream and downstream of LANL. 
The flow-weighting technique normalized the effect of abnormal flow events after the fire, allowing for 
comparison with prefire conditions. Prefire TSS data are available for the years 1996 through 1999 for 
sites where runoff samples were collected. During this period, storm water runoff samples were collected 
at only two upstream sites, Pajarito Canyon above SR 501 (gage E240) and Los Alamos Canyon at Los 
Alamos (gage E025), which were both collected in 1997. The data shown for these collection sites 
represent single runoff events that are indicative of prefire runoff and suspended sediment conditions. 
The postfire data often represent multiple runoff events, but because the TSS data are weighted by flow 
volumes, the comparison with prefire data is possible. 
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Figure 4-5. Flow-weighted average TSS concentrations prefire and postfire. 

The prefire flow-weighted average TSS concentrations at the downstream sites in Los Alamos Canyon 
and Pajarito Canyon (E042 and E250, respectively) (Figure 4-5) are about two orders of magnitude 
higher than the upstream TSS concentrations. The increase in TSS concentrations at the downstream 
sites in Los Alamos and lower Pajarito Canyons before the fire appears to indicate that more erosion of 
the stream channels was occurring on the Laboratory relative to the upstream forests before the fire. 

The effects of the Cerro Grande Fire on TSS are obvious at the Pueblo Canyon (E060), upper Los 
Alamos Canyon (E025), upper Pajarito Canyon (E240), Water Canyon (E252 and E265), and Canon de 
Valle (E253) collection sites. The postfire average TSS concentrations at these sites are about two to four 
orders of magnitude higher than observed in prefire samples (see Figure 4-5). The greatest increases in 
average TSS concentrations after the fire are noted at the two upstream sites in Los Alamos and Pajarito 
Canyons. Sites where postfire average TSS concentrations are not significantly different from prefire 
concentrations are Los Alamos Canyon at SR 4 (E042), lower Canada del Buey at SR 4 (E230), lower 
Pajarito Canyon above SR 4 (E250), Potrillo Canyon (E267), and Ancho Canyon (E275). Of these sites, 
Canada del Buey and Potrillo and Ancho Canyons were not affected by fire over a significant percentage 
of their watersheds. Upper Los Alamos Canyon and upper Pajarito Canyon were significantly affected by 
fire, however, as the runoff passed through these canyons, the TSS concentrations dropped significantly 
from the upstream sites to the downstream sites (see Figure 4-5). Pajarito Canyon has a large runoff 
retention capacity in the lower part of the canyon and the TSS concentration in the runoff dropped over 
one order of magnitude between the upstream site (E240) and the downstream site (E250). 

Figure 4-6 shows the total mass of suspended sediment that was carried in storm water runoff at all 
upstream sites and at all downstream sites for each day that runoff samples were collected in 2000. The 
largest mass of suspended sediment that entered upstream sites at LANL from the Sierra de los Valles 
was over 2000 MT [2,000,000 kg] as a result of the June 28 storm event. The largest mass of suspended 
sediment that was carried downstream of LANL occurred on October 23 (430 MT). In August and 
October, several precipitation events occurred over the Pajarito Plateau that produced runoff and carried 
suspended sediment downstream of LANL but a significant mass of sediment did not enter LANL from the 
burned mountain areas (see Figure 4-6). 

29 



10000000 

• 1000000 

Oi 100000 
~ 
Ul 
:2 10000 
0 rn 
'0 1000 Cll 

Ill 0 0 0 n 
p 0 0 

0 Ill 1110 
rw' 

~ 0 0 -'0 
c c 
Cll 100 Q. 

,.. 
Ul 
:I rn 

10 

0 
11 TSS upstream 

I 
0 TSS downstream 1 

6/1/00 7/1/00 8/1/00 8/31/00 10/1/00 10/31/00 

Date 

Figure 4-6. Time series of suspended sediment in runoff on specific dates in 2000. 

Figure 4-7 shows the monthly total mass of suspended sediment that was transported in runoff at 
upstream and downstream stations in 2000. In June, July, and September more suspended sediment 
was carried onto LANL than flowed offsite and downstream of LANL. In August, storm water runoff carried 
suspended sediment downstream of LANL, but no significant mass of suspended sediment flowed onto 
LANL. This is the result of the location of precipitation events that occurred more over the central Pajarito 
Plateau and over LANL in August rather than over the burned areas west and upstream of LANL. In 
September few precipitation and runoff events were recorded and a small amount of suspended sediment 
was measured at upstream stations, but no significant runoff or suspended sediment was measured at 
downstream sites. 
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Figure 4-7. Monthly and yearly mass of suspended sediment in runoff in 2000. 
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The total mass of suspended sediment passing through upstream stations and downstream stations in 
2000 is also shown on Figure 4-7 and for each canyon system in Figure 4-8. The total mass of 
suspended sediment measured at upstream stations was about 2700 MT and the total mass of 
suspended sediment measured at downstream stations was about 1200 MT. The TSS data indicate that 
about 1500 MT of suspended sediment, which included ash and muck and fine sediment material, was 
deposited in floodplains at LANL during the 2000 runoff season. The greatest amount of suspended 
sediment observed at upstream stations was in Pajarito Canyon (1770 MT), most of which resulted from 
the June 28, 2000, storm event. However, only a total of about 300 MT of suspended sediment flowed 
downstream in Pajarito Canyon, which indicates that about 1470 MT of suspended sediment was 
deposited in the Pajarito Canyon watershed. Suspended sediment in runoff at the upstream Los Alamos 
Canyon station totaled about 615 MT, and a total of about 120 MT flowed downstream, which indicates 
that about 495 MT was deposited in the Los Alamos Canyon watershed area. 

Suspended sediment that passed through the upstream stations in Water Canyon and Canon de Valle 
totaled about 305 MT for the year, and a total of about 940 MT of suspended sediment flowed past the 
downstream station in Water Canyon. Unlike Pajarito and Los Alamos Canyons, more suspended 
sediment (about 635 MT) flowed downstream in Water Canyon than entered the watershed at the 
upstream stations. This may be the result of several precipitation events over the southern and central 
Pajarito Plateau in August and October that caused significant runoff at downstream stations but little or 
no runoff at upstream stations. 
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Figure 4-8. Total suspended solids passing upstream and downstream stations in 2000. 

4.3.4 Summary of General Inorganic Parameters in Runoff 

The major impact of the Cerro Grande Fire was substantially increased transport of sediment onto and 
across the Laboratory. The prefire maximum TSS concentration in runoff was 43,140 mg/L, after the fire, 
the maximum TSS concentration in runoff was 76,000 mg/L and 12 samples contained TSS greater than 
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the prefire maximum. The total mass of suspended sediment measured at upstream stations was about 

2700 MT and the total mass of suspended sediment measured at downstream stations was about 1200 

MT. The TSS data indicate that about 1500 MT of suspended sediment, which included ash and muck 

and fine sediment material, was deposited in floodplains at LANL during the 2000 runoff season. 

The general inorganic water quality parameters that were measured in concentrations significantly higher 

in 2000 than historical maximum concentrations include calcium, cyanide, potassium, and phosphate. 

The water quality parameters that were greater than minimum standards in storm water runoff in 2000 

include cyanide (amenable) and TDS. Cyanide (amenable) was found in concentrations greater than the 

NMWQCC wildlife habitat standard in three samples from Water Canyon. The highest concentration of 

cyanide (amenable) was 0.62 mg/L in a sample from upper Water Canyon (gage E252) collected on June 

28. The other samples were from lower Water Canyon (gage E265) collected on July 29 and August 18. 

One sample from Guaje Canyon contained TDS above the EPA secondary drinking water standard of 

500 mg/L. All runoff samples collected at LANL contained less than 500 mg/L TDS. 

Higher concentrations of calcium in unfiltered runoff from upstream, onsite, and downstream locations are 

obviously associated with runoff from fire-impacted areas. After the fire, dissolved calcium concentrations 

were also significantly higher, postfire concentrations were about six to eight times higher than prefire 

concentrations. 

The concentrations of nitrate in runoff do not appear to have been affected by the fire. The median 

concentrations of ammonia in samples collected in 2000 onsite and downstream were not significantly 

different compared with samples collected before the fire, however, the maximum concentrations of 

ammonia observed after the fire were higher than before the fire. The highest ammonia concentrations in 

runoff were in June and July and lower concentrations were observed later in the runoff season, 

suggesting that ammonia may have been the result of fire-related impacts. 

4.4 Radionuclides in Storm Water Runoff 

4.4.1 Summary of Radionuclides in Runoff in 2000 

The results of radionuclide analyses of storm water runoff in 2000 are shown in Appendix Table B-2. In 

2000 a total of 75 unfiltered storm water runoff samples and 47 filtered samples were analyzed for 

radionuclides. The summary of the number of analyses performed and the number of detections and non­

detections of radionuclides in storm water runoff samples is shown in Table 4-3. Detections are defined 

as values exceeding both the analytical method detection limit and three times the individual one­

standard-deviation measurement uncertainty (LANL 2001, Taylor 1987). On average, radionuclides were 

detected in 77% of the unfiltered samples and in 50% of the filtered samples in which they were analyzed. 

Radionuclides that were detected in most of the unfiltered samples (>90%) include lead-210, polonium-

210, thorium-228, thorium-230, thorium-232, uranium (total), uranium-234, and uranium-238. Detections 

of these radionuclides were less frequent in filtered samples (see Table 4-3). 

Table 4-4 shows the minimum, maximum, and median concentration values for the major radionuclides 

detected in runoff samples in 2000. The summary of the results for radionuclides in unfiltered storm water 

runoff are shown graphically in Figure B-3 in Appendix B and the summary of radionuclides in filtered 

storm water runoff is shown graphically in box-plots in Figure B-4 in Appendix B. These figures include all 

data results including non-detect values, for which MDA concentrations are used to develop the box plots, 

this lowers the median concentrations shown on the figures. The concentrations of radionuclides 

measured in storm water runoff samples are quite variable by location and through time, principally 

depending on whether Cerro Grande Fire ash was present in the drainage at the time of sampling and the 

suspended sediment concentration of samples. 
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Table 4-3. Summary of Analyses and Detections of Radionuclides in 
Storm Water Runoff Samples in 2000. 

Unfiltered Samples Filtered Samples 

Analyte 
No. Non % No. Non % 

Analyses Detects Detects Detects Analyses Detects Detects Detects 
Am-241 59 1( 4~ 83% 5( 3E 14 28% 
Cs-137 82 5( 3 39% 54 52 1 2% 

GROSSA 8E 2~ 51 66% 47 2E 22 47% 
GROSSB 8E H 71 83% 47 t 47 100% 

H-3 7E 64 11 15"A NA NA NA NA 
Pb-210 31 1 30 97% 22 6 16 73% 
Po-210 32 2 31 94% 22 7 11': 68% 
Pu-238 6€ 35 33 49% 5€ 5( e 11% 

Pu-239,240 6~ 1C 59 86% 5€ 4~ 7 13% 
Ra-226 3~ 7 28 80% 2C 11 9 45% 
Ra-228 32 21 12 36% 2'< 21 2 9% 
Sr-90 69 16 53 77% 46 I 39 85% 

Th-228 69 2 67 97% 55 24 31 56% 
Th-230 69 1 6a 99% ~ 1.11 41 75% 
Th-232 69 1 6a 99% 55 3~ 1€ 29% 

u 8E 4 82 95% 5€ H 4C 71% 
U-234 6~ 1 68 99% 57 1~ 44 77% 

U-235,236 6~ 23 4€ 67% 57 39 18 32% 
U-238 6~ '1 6€ 96% 57 15 4~ 74% 

Average% 77"A 50% 
NA = Not applicable 

Table 4-4. Summary of Detections of Selected Radionuclides in Storm Water Runoff in 2000. 

Unfiltered Samples (pCi/L) Filtered Samoles CoCi/L) 
Min UF Std. Min. F F Std. 

Analyte
8 

Min Max Median UF Std. Type b Min Max Median Std. Type 
EPA Prim. 

Am-241c o.o3e 20.7 0.42 30 DOEDCG 0.040 0.86 0.052 15 DWd Std 
DOEDW 

Cs-137 5.( 511 18 3000 DOE DCG 62.4 62A NA6 120 DCG1 

N M Livestock EPA Prim. 
Gross Alpha 2.( 57( 35.2 15 Waterinq 1.1 7.( 3.3 1E DWStd 

DOEDW 
Gross Beta 4.2 105.1 11< 1000 DOE DCG 2.€ 47.~ 14.5 4( DCG 

NM Livestock 
H-3 292 187( 50( 20,000 Waterinq NA NA NA 

DOEDW 
Pu-238 0.03~ 7.61 0.227 40 DOEDCG 0.018 0.12E 0.078 1.€ DCG 

EPA Prim. 
Pu-239 240 0.022 24.77 1.0f 30 DOE DCG 0.030 0.16~ 0.055 15 DWStd 

EPA Primary 
Sr-90 O.?f 80.80 1( 1000 DOE DCG 0.61 26.60 3.18 ! DW 

DOEDW 
U (~ig/L) 0.11 14E 3.3~ 800 DOE DCG 0.0~ 8.31 0.56 1.E DCG 

DOEDW 
U-234 0.055 136 5.5~ 500 DOE DCG 0.068 3.800 0.696 20 DCG 

DOEDW 
U-235,236 0.064 10 0.58~ 600 DOE DCG 0.041 0.460 0.163 24 DCG 

DOEDW 
U-238 0.17€ 134 5.98e 600 DOE DCG 0.061 4.970 0.817 24 DCG 

a All data in pCi/L except where noted; bStandards for comparison only; c Am-241 data shown are by alpha spectrometry method 
only; dOW= drinking water; 6 NA = Not Analyzed; 1DOE DW DCG = Derived Concentration Guide for drinking water systems. 
See Appendix B for additional information for water quality standards. 
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Radionuclide concentrations are significantly lower in filtered samples than in unfiltered samples, usually 
about an order of magnitude lower. Approximately 75% to 95% of the radioactivity in a runoff sample was 
typically associated with the suspended sediment (ash, clay, silt, etc.) carried by the runoff and, for the 
most part, are not dissolved in the runoff. 

4.4.2 Comparison with Historical Concentrations 

Figure 4-9 shows the minimum, maximum, and median concentrations of radionuclides in unfiltered runoff 
in 2000 and the maximum historical concentrations of radionuclides in unfiltered runoff. The 1997 through 
1999 portion of the historical data set was chosen because it is the period when radionuclide data in 
storm water runoff were systematically collected at LANL. Maximum concentrations of all the target 
radionuclides in storm water runoff in 2000 were greater than historical maximums except for uranium. 
The peak concentrations of cesium-137 and strontium-90 were directly attributable to fire effects, while 
the peak concentrations of plutonium-238 and tritium were attributable to LANL facilities. 

Cesium-137, plutonium-238, and strontium-90 have the largest increases in concentrations in unfiltered 
runoff in 2000 compared with previous years. The maximum concentration of cesium-137 observed in 
2000 was 511 pCi/L compared to an historical maximum of 42.3 pCi/L, about an order of magnitude 
higher in 2000. This peak cesium-137 value was recorded upstream of the Laboratory and is fire related. 
The maximum concentration of plutonium-238 in 2000 was 7.61 pCi/L compared with a prefire maximum 
of 1.53 pCi/L, however the maximum concentration in 2000 was in a sample from T A-54, MDA-G runoff 
and was not related to the effect of fire. The maximum concentration of strontium-90 in 2000 was 80.8 
pCi/L compared with a prefire maximum of 25 pCi/L; this value was seen in Guaje Canyon north of LANL 
and is attributable to fire impacts. 

Figure 4-10 shows the minimum, maximum, and median concentrations of radionuclides in filtered runoff 
in 2000 and the maximum historical concentrations in filtered runoff. Maximum concentrations measured 
in 2000 were greater than Laboratory-wide historical maximums for cesium-137, strontium-90, and 
uranium. The maximum concentrations of other radionuclides were near or below historical maximum 
concentrations. The higher concentrations of cesium-137 dissolved in runoff in 2000 were in samples 
from T A-54, MDA-G and MDA-L, which were not related to the effects of fire. 

The higher concentrations of dissolved uranium in 2000 were observed in fire-related runoff at onsite and 
downstream locations where uranium in suspended sediment materials may have had more of an 
opportunity to dissolve, possibly as the result of chemical changes of the water created by the presence 
of fire-related compounds. 

The most universal increases from prefire levels were seen for both unfiltered and filtered runoff waters at 
locations upstream of the Laboratory. These increases reflect Cerro Grande Fire impacts. Figures 4-11 a 
and b illustrate the relative increases in upstream, onsite, and downstream changes. 

Figure 4-12 shows the median concentrations of radionuclides detected (greater than three times the 
uncertainty) in unfiltered runoff from downstream locations for the years 1997 through 2000. The median 
concentrations of most radionuclides in 2000 are lower than previous years, with the exception of 
strontium-90 and uranium, which were higher in 2000 than previous years. Strontium-90 concentrations 
were higher in 2000 due to higher concentrations in runoff from fire-impacted areas. The increased 
concentrations of uranium in runoff may be related to increased uranium concentrations in the ash from 
fire-impacted areas, geochemical changes in the runoff caused by increased concentrations of metals 
and inorganics in the ash (e.g., Longmire et al. 2001), and/or to LANL impacts from historical releases at 
some onsite and downstream locations. Median concentrations of cesium-137 and gross beta activity 
were higher in previous years while median concentrations of plutonium-238 and plutonium-239 were 
similar to those observed in previous years. 
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Figure 4-9. Radionuclides in unfiltered runoff in 2000 and historical maximum concentrations. 
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Figure 4-10. Radionuclides in filtered runoff in 2000 and historical maximum concentrations. 
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Figure 4-11 a and b. Changes in radionuclide concentrations after the fire by proximity to LANL. 
The figure compares the ratio of median concentrations measured before and after the fire at 
upstream, onsite, and downstream stations. The largest increases are seen upstream of the 
Laboratory and are due to the fire. 

36 



100 

~ 
u 
.s 
c: 
0 

i 10 .. 
" c: 
0 
u 
c: .. 
:;; .. 
:I! 

Am-241 Cs-137 GROSSA GROSSB Pu-238 Pu-239,240 Sr-90 U (ug/L) 

Analyte 

Figure 4-12. Median concentrations of radionuclides detected in unfiltered 
runoff at downstream locations, 1997-2000. 

4.4.3 Comparison of Radionuclides to Standards 

Water quality standards have not been established specific to most radionuclides in storm water, however 
activities of radionuclide concentrations in unfiltered storm water runoff samples can be compared to 
either the DOE DCGs for public exposure or the NMWQCC stream standards. The NMWQCC stream 
standards reference the New Mexico Environmental Improvement Board's New Mexico Radiation 
Protection Regulations (Part 4, Appendix A), however, New Mexico radiation protection activity levels are 
in general two orders of magnitude greater than the DOE DCGs for public dose, so only the DCGs are 
usually addressed. In addition, the results for unfiltered runoff samples are compared to NMWQCC 
standards for livestock watering. 

Appendix Table B-3 shows the results of screening the radionuclide concentration in unfiltered runoff to 
the above noted standards and Figure 4-13 shows the summary of results for unfiltered runoff in 2000 
and the minimum standards for unfiltered runoff comparison. In unfiltered samples, gross alpha 
concentrations were greater than public dose DCG levels (30 pCi/L) and State of New Mexico livestock 
watering standards (15 pCi/L) at many locations upstream and on the Laboratory. The gross alpha DCG 
is based on the most restrictive anthropogenic alpha emitters (plutonium-239,-240 and americium-241) 
and is commonly exceeded by runoff laden with naturally derived alpha emitters (such as the uranium­
decay series). The New Mexico livestock standard excludes radon and uranium from the gross alpha 
limit. The gross beta activity DCG for public dose (1000 pCi/L) was not exceeded in runoff samples from 
LANL, but was slightly exceeded in one sample collected on July 17, 2000, from Rendija Canyon, which 
contained 1054 pCi/L with an uncertainty of 64 pCi/L. 
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Figure 4-13. Summary of radionuclides in unfiltered runoff compared with minimum standards. 

Of the specific alpha and beta emitters measured, none occurred in runoff samples at levels above their 
respective DCGs for public exposure. The maximum concentration of plutonium-239,240 was 24.77 pCi/L 
in a sample from lower Los Alamos canyon (gage E042) on July 9 during a low-flow runoff event. 
Samples collected in Pueblo Canyon on October 23 and 28 contained plutonium-239,240 in 
concentrations as high as 22.8 pCi/L. One runoff sample collected from lower DP Canyon on October 12 
contained americium-241 in a concentration of 20.7 pCi/L. 

Appendix Table B-4 shows the results of radionuclides in filtered water samples compared with EPA 
drinking water standards or DOE DCGs for drinking water systems. The drinking water standards are 
included only for perspective, as the standards are applicable only to community drinking water systems 
and not to runoff. Figure 4-14 shows the summary of dissolved radionuclides compared with minimum 
standards appropriate to filtered runoff. All filtered storm water runoff samples met EPA and DOE drinking 
water standards for specific radionuclides, except for one sample. The EPA primary drinking water 
standard for strontium-90 (8 pCi/L) was exceeded in one sample collected on July 21 from the Los 
Alamos Canyon weir construction site, where the concentration of dissolved strontium-90 was 26.6 pCi/L. 
The weir was installed in 2000 after the fire in lower Los Alamos Canyon as a sediment catchment 
structure. The "runoff' sample was collected from water pumped from the weir several days after a runoff 
event (see Koch et al. 2001 ). The source of the dissolved strontium-90 in this sample could be fire-related 
or from historical Laboratory releases. Dissolved strontium-90 concentrations generally were the highest 
of the individual radionuclides, relative to the standards; more than 10 samples contained dissolved 
strontium-90 levels that were greater than one-half the EPA drinking water standard (see Appendix Table 
B-4). 

38 



o Min. Std. 
1000 o 2000 min ····· 1000 

-2000 avg 
~ 100 +------rft--------1 D. 2000 maxf----------+ 100 

~ 10 _r--- f----- !------ f----------l-f-----t-----lr--- 10 
...1 -0 c. -c:: 
0 

:;:::: 
E -c:: 
Cl) 

1-

0.1 -

g 0.01 -
0 
0 

.-

-
!------ !------ - f--- - 1 

f= f: 
f--- - 0.1 

f--- - 0.01 

0.001 +--_L__L_+-_L__j_-+-_L_-'--+-_j___L-+-'-__j_-+__l_---'---+__j_-L__f------1--'-----+ 0.001 

Am-241 Cs-137 GrossA GrossB Pu-238 Pu- Sr-90 U (ug/L) 
239,240 

Analyte 

Figure 4-14. Summary of radionuclides in filtered runoff compared with minimum standards. 

No samples contained gross alpha or gross beta activities greater than the EPA primary drinking water 
standards (15 pCi/L and 50 pCi/L, respectively). Dissolved concentrations of americium-241, cesium-137, 
plutonium-238, and plutonium-239,240 were not detected in concentrations more than the minimum 
standard values. 

4.4.4 Radionuclides in Suspended Sediment 

Because the suspended solids comprise such a large portion of the total radionuclide load in the runoff 
samples, the suspended sediment was investigated for significant levels of the individual radionuclides. 
The concentrations of radionuclides in the suspended sediment fraction of the runoff samples were 
calculated using the concentrations of radionuclides in the unfiltered runoff and the TSS concentrations. 
The calculations were performed for storm water runoff that had TSS concentrations greater than 300 
mg/L and did not consider dissolved concentrations in the filtered runoff; therefore, the results are 
considered maximum concentrations of radionuclides in suspended sediment. 

Table 4-5 shows the summary of the results of calculating radionuclide concentrations in suspended 
sediment at downstream locations and the historic maximum concentrations (1997 through 1999) and the 
sediment BVs developed for stream sediments at LANL (Ryti et al. 1998; Mclin et al. in preparation). The 
sediment BVs are shown for comparison purposes only because the concentration of radionuclides in 
deposited stream sediments would be expected to be lower than what is calculated for the suspended 
sediment, which is selectively comprised of finer grained materials with higher radionuclide 
concentrations by weight (Johansen et al. 2001). Specific screening levels for radionuclides in suspended 
sediment in storm water runoff are not available so historical maximum concentrations measured and 
calculated for radionuclides in suspended sediment in runoff at downstream locations are shown in Figure 
4-15 for comparison with the year 2000 downstream runoff. 
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Table 4-5. Calculated Concentrations of Radionuclides in Suspended Sediment in 
Downstream Runoff. 

Geometric Historic 
Analyte Number of Minimum Maximum Mean Sediment Maximum 

Calculations jpCi/g) (pCi/g) (pCi/g) BVa (pCi/g) (pCi/g}_ 

Am-241 17 0.006 1.044 0.10 0.04 2.427 

Cs-137 19 0.018 9.478 1.15 0.9 6.370 

Gross Alpha 20 3.429 64.773 15.0 14.8 96.491 

Gross Beta 20 4.308 105.682 25.4 12.0 246.499 

Pu-238 19 0.002 0.447 0.030 .006 0.281 

Pu-239,240 19 0.015 4.049 0.258 .068 2.398 

Sr-90 18 0.028 18.292 1.28 1.3 20.276 

U (mg/kg) 22 0.131 14.767 1.15 2.22 6.439 

•An background values from Ryti et al. (1998) except for gross alpha and gross beta values, which are from Mclin et al. 
in prep. 
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Figure 4-15. Calculated radionuclide concentrations in suspended sediment at 
downstream locations compared with historic maximum values. 

The radionuclides present in higher concentrations in downstream suspended sediments than in previous 
years include cesium-137, plutonium-238, plutonium-239,240, and uranium. The suspended sediment 
containing the highest concentrations of cesium-137 was from lower Los Alamos Canyon (gage E042) in 
a sample collected on June 3. The highest concentrations of plutonium-238 and plutonium-239,240 were 
from a sample collected from lower Los Alamos Canyon (gage E042) on October 17. The highest 
concentration of uranium in downstream suspended sediment was from a sample collected in lower 
Pajarito Canyon (gage E250) on October 27. 

Figure 4-16 shows the summary of the calculated radionuclides and uranium concentrations in 
suspended sediment at downstream locations compared with sediment BVs. Maximum concentrations of 
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all analytes in suspended sediment are greater than the sediment BV, and mean concentrations of all 
analytes except strontium-90 and uranium are above the sediment BV. 
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Figure 4-16. Calculated radionuclide concentrations in suspended sediment 
from downstream locations compared with sediment BVs. 

From a public exposure perspective, cesium-137 is the radionuclide likely to be of most concern. Figure 
4-17 shows the calculated concentrations of cesium-137 in suspended sediment in samples from 
upstream, onsite, and downstream locations and for one sample from Guaje Canyon. 
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Figure 4-17. Cesium-137 in suspended sediment at upstream, onsite, 
and downstream locations. 
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The highest distribution of cesium-137 in suspended sediment was from samples collected at upstream 
locations, where the highest concentration was 67.5 pCi/g in a sample from Two-mile Canyon above 
SR 501 collected on October 23. The median concentration from upstream locations was 3.5 pCi/g. The 
highest concentration from on site locations was 33.5 pCi/g in a mesa-top runoff sample from T A-54, 
MDA-L (gage E223) collected on October 7, and the median concentration from onsite locations was 0.4 
pCi/g. The highest concentration of cesium-137 in suspended sediment collected from downstream 
locations was 9.4 pCi/g from lower Los Alamos Canyon (gage E042) on June 3, and the median value 
from downstream locations was 1.14 pCi/g. The higher suspended sediment concentrations observed at 
upstream locations in Pajarito Canyon may have at least partially dropped out of suspension in 
downstream runoff as a result of lowered stream gradients and runoff rates in the middle and lower part of 
the canyon. 

Figure 4-18 shows the time series of calculated concentrations of cesium-137 in suspended sediment for 
samples from each major canyon system that was associated with flooding after the fire. For Los Alamos 
Canyon and Water Canyon, the highest concentrations are observed in early runoff events, and later 
runoff events contained generally lower concentrations of cesium-137 in suspended sediment. In Pajarito 
Canyon, however, the highest concentration was from Two-mile Canyon, a tributary to Pajarito Canyon 
on October 23, late in the season. Of the three major flood-related canyons at LANL, the lowest cesium-
137 concentrations in suspended sediment were from the Water Canyon system. 

The higher concentrations of cesium-137 in suspended sediment commonly occurred in samples 
collected at the upstream boundary of LANL, where the radionuclides should be primarily derived from 
worldwide fallout. Because radionuclides concentrate in finer grained materials that tend to be held in 
suspension in runoff, the concentrations in stream sediment found in deposits after the runoff events will 
likely be substantially lower than in suspended sediment in the runoff samples. 

70 
0 

60 r-- • Los Alamos Canyon 

o Pajarito Canyon 

g; 50 r- )(Water Canyon 

~ 40 
c 
0 

~ 30 
c .. 0 
::! 20 '• 0 
0 

10 

0 

ly 

~ • 0 

= 
• .... -">./ 0 ... ~: _, 

6/1 7/1 8/1 8/31 10/1 10/31 

Date (2000) 

Figure 4-18. Time series of cesium-137 concentrations in suspended sediment. 

The calculated uranium concentrations in suspended sediment for upstream, onsite, and downstream 
LANL locations and for one sample from Guaje Canyon are shown in Figure 4-19. The highest 
concentration of uranium in suspended sediment in storm water runoff was 14.77 mg/kg in a sample 
collected from lower Pajarito Canyon (gage E250) on October 27. The highest concentration from 
upstream locations was 2.57 mg/kg from upper Pajarito Canyon (former gage E240) collected on October 
23, and the highest concentration from on site locations was 4.38 mg/kg in a sample collected from T A-54, 
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Figure 4-19. Calculated concentrations of uranium in suspended 
sediment at upstream, onsite, and downstream locations. 

MDA-G-4. The median concentrations at upstream, onsite, and downstream locations were 0.46, 1.35, 
and 1.0 mg/kg, respectively, which are lower than the background value for sediments at LANL (2.2 
mg/kg) (Ryti et al. 1998). However, the concentrations of uranium in sediment deposits resulting from the 
runoff would be expected to be lower than the calculated values for suspended sediment. 

The higher concentrations of uranium in suspended sediments from downstream sites likely result from 
Laboratory impacts, but may partially be due to higher natural background concentrations of uranium in 
Unit 1 v of the Tshirege Member of the Bandelier Tuff, which are about three times higher than other units 
of the Bandelier Tuff (Ryti et al. 1998). Unit 1v outcrops in the central and eastern portions of the Pajarito 
Plateau and likely contributes a higher percentage of material to suspended sediment at downstream 
locations. 

4.4.5 Transport of Radionuclides in Storm Water Runoff in 2000 

The detection of trends in stream water quality is difficult when concentrations are related to stream flow, 
the usual situation. This difficulty is amplified after the fire with a more responsive hydrologic environment. 
To obtain an understanding of how transport of radionuclides along the Laboratory's downstream 
boundary trended through the runoff season, annual and monthly flow-weighted average concentrations 
were calculated and trended. 

The flow-weighted average concentrations of selected radionuclides for years 1997 through 2000 at 
downstream stations are shown in Figure 4-20. Sufficient historical data for upstream stations are not 
available and flow-weighted averages were thus calculated for downstream stations only. These flow­
weighted average concentrations for downstream stations may also represent the typical "load" of 
radionuclides in a unit volume of runoff potentially entering the Rio Grande from storm water runoff at 
LANL. The flow-weighted average concentrations of selected radionuclides at downstream locations for 
each month during 2000 after the Cerro Grande Fire are shown in Figure 4-21. The average of the prefire 
(1997 through 1999) yearly flow-weighted average concentrations (data shown in Figure 4-20) are also 
shown on Figure 4-21 for comparison purposes. Radionuclides that are observed in higher flow-weighted 
average concentrations in 2000 after the Cerro Grande Fire include cesium-137, plutonium-239,240, 
strontium-90, and uranium. 
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Figure 4-20. Annual flow-weighted average concentrations of 
radionuclides in downstream runoff, 1997-2000. 
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Figure 4-21. Monthly flow-weighted average concentrations of 
radionuclides in downstream runoff in 2000. 

The radionuclide showing the largest increase in 2000 is cesium-137, which has a flow-weighted average 
concentration after the fire about one order of magnitude higher than before the fire. The measured 
concentrations of cesium-137 in runoff at downstream stations were not significantly different after the fire 
compared with prefire concentrations (see Appendix C, Section C.?), but the higher concentrations in the 
2000 runoff were associated with large runoff events that raised the flow-weighted average 
concentrations. The higher flow-weighted average concentrations of cesium-137 were observed in June 
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immediately following the fire (see Figure 4-21) and in October. The highest runoff volumes were 
observed during these two months (see Figure 3-3), and when the highest fire-related impacts to runoff 
are observed. 

Plutonium-239,240 concentrations measured in downstream runoff in 2000 (see Appendix C, Section 
C.13) are slightly higher than observed in prefire runoff; the annual flow-weighted average concentration 
of plutonium-239,240 is also slightly higher in 2000 than for previous years. The observed variation in 
annual flow-weighted average concentrations before the fire is about one order of magnitude, while the 
increase in 2000 is slightly higher than the value for 1999; therefore, the significance of the relatively 
small increase in 2000 over the 1999 value is indeterminable. The highest flow-weighted average 
concentrations of plutonium-239,240 in 2000 after the fire are in June and October (Figure 4-21), similar 
to cesium-137 concentrations. 

The annual flow-weighted average concentration of strontium-90 appears to be slightly higher in 2000 
after the Cerro Grande Fire compared with prefire annual average data (Figure 4-20). In 2000, the highest 
flow-weighted average concentrations of strontium-90 are in June, directly after the fire, while the 
concentrations observed in July and October 2000 are similar to the prefire average annual 
concentration. 

The prefire annual average flow-weighted concentration of uranium ranged from 3.8 to 4.8 J.Lg/L (Figure 4-
20). In 2000 after the fire the flow-weighted average uranium concentration was 28.9 J.Lg/L. The measured 
concentrations of uranium in runoff in 2000 (see Appendix C, Section C.15) do appear to have been 
significantly affected by the fire. The increase in the flow-weighted average concentration of uranium may 
be the result of increased runoff after the fire that carried higher masses of suspended sediment material 
and higher total masses of uranium. The higher monthly average flow-weighted uranium concentrations 
were in June and July directly after the fire (Figure 4-21), however, all monthly average flow-weighted 
concentrations of uranium in 2000 were higher than prefire annual averages (Figure 4-21). 

The flow-weighted average concentrations of radionuclides are useful to evaluate radionuclide 
concentrations with respect to total flow volumes; however, it is also useful to examine the total activity of 
radionuclides that were measured at the downstream LANL stream gages. The total activity is obtained 
by multiplying the radionuclide concentration measured in each runoff event by the total flow measured 
for each runoff event and summing the results for each year. Figure 4-22 shows the total activity of 
radionuclides (in mCi) and uranium (in kg) that was measured at downstream locations in years 1997 
through 2000 and that portion of the activity that is related to background concentrations of the 
radionuclides. The background activities are approximated by multiplying the background values derived 
for sediments at LANL (Ryti et al. 1998) by the total annual mass of suspended sediment measured at 
downstream locations. This underestimates the total mass attributable to background sediments because 
of the finer-grained material transported in storm water. 

The radionuclides that show significant increased total activity at downstream locations in 2000 are 
cesium-137, plutonium-239,240, strontium-90, and uranium. The magnitude of the increase over that 
shown for flow-weighted averages (Figure 4-20) is due to the higher volumes of runoff experienced in 
2000, largely resulting from increased runoff from fire-impacted areas, but also due to natural annual 
changes in precipitation and runoff (see Figure 3-3). The activity that passed downstream stations at 
LANL in runoff in 2000 for cesium-137 was 2.3 mCi, for plutonium-239,240 was 0.607 mCi, and for 
strontium-90 was 2.26 mCi. The mass of uranium that passed downstream was approximately 3 kg. 

However, most of the uranium (89%) and strontium-90 (68%), about half of the cesium-137 (47%), and a 
portion of plutonium-239,240 (13%) is attributable to natural background concentrations in canyon 
sediments (Figure 4-22). The portion of the activity of radionuclides not attributable to background 
concentrations in suspended sediment is largely attributable to the effects of the Cerro Grande Fire for 
cesium-137, plutonium-239,240, and strontium-90. This is mainly due to contribution of the large ash-
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Figure 4-22. Total annual activity of radionuclides at downstream locations. 

The '2000 BV' bars show the minimum activities that are attributable to 

background radioactivity in stream sediments. 

ladened June 28 runoff event in Water Canyon. However, because such a small portion of plutonium-

239,240 is attributable to fallout-in comparison with the other fallout radionuclide~uch of the 

plutonium-239,240 in the Cerro Grande Fire runoff appears to be LANL-derived, likely from past air 

emissions (see Section 1.2). 

4.4.6 Evidence for LANL-derived Plutonium-239,240 in Cerro Grande Fire Ash 

Limited analyses of Cerro Grande Fire ash samples indicate that plutonium-239,240 levels are two to four 

times greater than in ash samples collected near the Viveash Fire, near Pecos, NM (Katzman et al. 

2001 ). Because environmental conditions at the two fires were roughly comparable, these data suggest 

an excess of the isotope in the Cerro Grande samples, relative to Viveash. Thus, it is possible that some 

of the plutonium-239,240 measured in Cerro Grande Fire ash had its source as stack emissions from 

Laboratory facilities. Prefire soils data reported by the Environmental Surveillance Program support this 

interpretation by showing that Laboratory perimeter locations have three to four times the regional 

average for plutonium-239,240 (Fresquez et al. 1998). 

The runoff data collected during 2000 appears to be consistent with a LANL contribution in the Cerro 

Grande ash. Of all the fallout radionuclides measured along the Laboratory's upstream boundary, 

plutonium-239,240 showed the greatest increase in concentrations (unfiltered waters). The median 

plutonium-239,240 concentration increased 50 times above prefire levels, while the other fallout 

radionuclides increased 5 to 15 times (Figure 4-11 a and b. Changes in Radionuclide Concentrations After 

the Fire by Proximity to LANL). Relative to the other fallout radionuclides, the excess of plutonium-

239,240 may reflect LANL sources. 

4.4.7 Summary of Radionuclides in Storm Water Runoff and Related Fire Impacts 

Concentrations of several radionuclides in storm water runoff in 2000 after the Cerro Grande Fire were 

greater than Laboratory-wide prefire levels. Maximum prefire radionuclide concentrations in unfiltered 

runoff were exceeded for americium-241, cesium-137, gross alpha, gross beta, plutonium-238, 

plutonium-239,240, strontium-90, and tritium. However, the highest concentrations of americium-241, 
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plutonium-238, and tritium were from locations that were not impacted by the fire (lower DP Canyon and 
TA-54, MDA-G-3 and TA-54, MDA-G-6, respectively) and probably are Laboratory-derived. 

In contrast, higher concentrations of cesium-137, plutonium-239,240, and strontium-90 occurred in 2000 
that were primarily related to runoff from areas impacted by the Cerro Grande Fire. The most pronounced 
increases in concentrations were observed for americium-241, cesium-137, and strontium-90, with 
samples exceeding the Laboratory-wide historical maximums by as much as 10 times. The increases in 
most of the radionuclide concentrations are attributable to two main factors: increased ash and sediment 
load in runoff and the enhanced constituent concentrations in the ash (see LANL 2000a; Katzman et al. 
2001 ). There is a suggestion of possible fire-related impacts associated with uranium in runoff at 
upstream sites, however, the possible impacts are not conclusive due to the limited prefire data set with 
which to provide adequate comparison for postfire data. 

The runoff data indicate that a total of approximately 9.6 mCi of strontium-90 entered the Laboratory from 
areas affected by the Cerro Grande Fire and a total of approximately 2.4 mCi left LANL in runoff at 
downstream locations. The data indicate that approximately 7.2 mCi of strontium-90 were deposited in 
canyon floor sediments at LANL, and most amounts were deposited in Water Canyon and Pajarito 
Canyon. The Los Alamos Reservoir in upper Los Alamos Canyon provided a catchment for runoff from 
burned areas in the upper watershed and may have trapped sediment and strontium-90 in the upper 
canyon, reducing the amount available to flow onto LANL. 

Radionuclide concentrations were significantly lower in filtered samples than in unfiltered samples. About 
75% to 95% of the radioactivity in a runoff sample was typically associated with the suspended sediments 
(ash, silt, clay, etc.) and carried by the runoff rather than dissolved in the water. An exception to this may 
be uranium, which was found in higher concentrations in the dissolved fraction after the fire. 

Evidence for substantial fire impacts on runoff includes the following: 

• The highest concentrations of some radionuclides, such as cesium-137 and strontium-90, were 
collected from locations located upstream of LANL or from Rendija and Guaje Canyons north of 
LANL. 

• Gross alpha activities in unfiltered runoff upstream of LANL show that the storm water flowing 
onto the Laboratory after the fire contained about one order of magnitude higher levels than 
before the fire. 

• Gross beta activities in unfiltered runoff upstream of LANL show that the storm water flowing onto 
the Laboratory after the fire contained about two orders of magnitude higher levels than before 
the fire. 

• Cesium-137 and strontium-90 concentrations generally show a decline through the runoff season, 
presumably as the source of ash and muck on the hillsides upstream of LANL is depleted and the 
ash and muck in flood deposits are stabilized in bank deposits and/or flushed downstream. 

The introduction of fire-derived radionuclides into most of the LANL watercourses apparently masked the 
impact of similar Laboratory-derived constituents. Essentially, the "background" levels for many 
constituents significantly changed as result of the addition of the ash in the runoff. For most of the canyon 
runoff samples collected in 2000, LANL impacts are not clearly discernible because of the higher 
radionuclide concentrations in the ash. 

Consistent with prefire conditions, LANL impacts to storm water runoff are indicated in DP Canyon, 
around TA-54, MDA-G and in Los Alamos Canyon in early (June 2 and 3) runoff events. LANL impacts 
are identifiable in the first significant runoff events of the season in Los Alamos Canyon on June 2 and 3 
(Johansen et al. 2001) and throughout the runoff season for plutonium-239,240. The concentrations of 
americium-241 and strontium-90 in lower DP Canyon and tritium in two samples from T A-54, MDA-G-6 
have not previously been recorded and indicate LANL impacts. Higher concentrations in runoff at onsite 
and downstream locations of plutonium-238 in Los Alamos Canyon, Canada del Buey, and Pajarito 
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Canyon and uranium in Los Alamos, Pajarito, and Water Canyons indicate a probable contribution from 
LANL activities. 

In unfiltered samples, gross alpha concentrations were greater than public dose DCG levels (30 pCi/L) 
and State of New Mexico livestock watering standards (15 pCi/L) at many locations upstream and on the 
Laboratory. The gross alpha DCG is based on the most restrictive anthropogenic alpha emitters 
(plutonium-239,240 and americium-241) and is commonly exceeded by runoff laden with naturally derived 
alpha emitters (such as the uranium-decay series). The New Mexico livestock standard excludes radon 
and uranium from the gross alpha limit. The gross beta activity DCG for public dose (1000 pCi/L) was not 
exceeded in runoff samples from LANL, but was slightly exceeded in one sample collected on July 17, 
2000, from Rendija Canyon, which contained 1054 pCi/L with an uncertainty of 64 pCi/L. Of the specific 
alpha and beta emitters measured, none occurred in runoff samples at levels above their respective 
DCGs for public exposure. However, the alpha-emitting radionuclides plutonium-239,240 and americium-
241 were measured in concentrations greater than 15 pCi/L (the NMWQCC livestock watering standard 
for gross alpha activity). 

All filtered storm water runoff samples met EPA and DOE drinking water standards for specific 
radionuclides, except for one sample. The EPA primary drinking water standard for strontium-90 (8 pCi/L) 
was exceeded in one sample collected on July 21 from the Los Alamos Canyon weir construction site, 
where the concentration of strontium-90 was 26.6 pCi/L. The source of the dissolved strontium-90 in this 
sample could be fire-related or from historical Laboratory releases. Dissolved strontium-90 concentrations 
generally were the highest of the individual radionuclides, relative to the standards; more than 10 samples 
contained dissolved strontium-90 levels that were greater than one-half the EPA drinking water standard. 
Gross alpha activity dissolved in runoff samples was greater than the minimum standard (DOE drinking 
water DCG) of 1.2 pCi/L in 27 samples, but no samples contained concentrations greater than the EPA 
primary drinking water standard (15 pCi/L). Gross beta activity in filtered runoff was greater than the 
minimum standard (DOE drinking water DCG) of 40 pCi/L in four samples collected on June 28 during the 
high runoff event. Dissolved concentrations of americium-241, cesium-137, plutonium-238, and 
plutonium-239,240 were not detected in concentrations niore than the minimum standard values. 

Radionuclides that are observed in higher flow-weighted average concentrations in 2000 after the Cerro 
Grande Fire include cesium-137, plutonium-239,240, strontium-90, and uranium. Monthly flow-weighted 
average radionuclide concentrations in unfiltered runoff at downstream LANL shows that peak 
concentrations occurred in June and July, with 5- to 20-fold increases above prefire averages during 
these months for cesium-137, strontium-90, and uranium. Concentrations of these same constituents 
dropped considerably during August, September, and October. The decline in runoff concentrations is 
partly due to flushing of ash from the LANL drainages during June and July and the occurrence of less­
intense, late season rainfall events in August, September, and October that largely missed the mountains 
west of the Laboratory. 

The radionuclides that show significant increased total activity at downstream locations in 2000 are 
cesium-137, plutonium-239,240, strontium-90, and uranium. The activity in runoff that passed 
downstream stations at LANL in 2000 was 2.3 mCi of cesium-137, 0.607 mCi of plutonium-239,240, and 
2.26 mCi of strontium-90. The mass of uranium that passed downstream was approximately 3 kg. 
However, most of the uranium (89%) and strontium-90 (68%), about half of the cesium-137 (47%), and a 
portion of plutonium-239,240 (13%) is attributable to natural background concentrations in canyon 
sediments. The portion of the activity of radionuclides not attributable to background concentrations in 
suspended sediment is largely attributable to the effects of the Cerro Grande Fire for cesium-137, 
plutonium-239,240, and strontium-90; however, the small increase in uranium not attributable to 
background concentrations is likely from LANL impacts. 
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4.5 Metals in Storm Water Runoff 

4.5.1 Summary of Metals in Storm Water Runoff 

The results of metals analyses of storm water runoff in 2000 are shown in Appendix Table B-5. Metals 
analyses were performed on a total of 85 unfiltered runoff samples and 57 filtered samples in 2000. Table 
4-6 summarizes the number of analyses performed for each metal constituent and the numbers of 
detections and non-detections. Because duplicates of some samples were analyzed, results are available 
for more than 85 unfiltered and 57 filtered samples; the data in Table 4-6 represent the total number of 
results obtained for each metal constituent. On average, metals constituents were detected in 86% of 
unfiltered samples and in 68% of filtered samples. 

Table 4-6. Summary of Metals Analyses in Storm Water Runoff in 2000. 

Unfiltered Samples Filtered Samples 
No. 

No. No. Non- No. Non-
Analyte Analyses Detects No. Detects %Detects Analyses Detects No. Detects %Detects 

Ag 94 74 20 21% 56 49 7 13% 
AI 94 0 94 100% 56 1 55 98% 
As 94 14 80 85% 56 27 29 52% 
B 90 1 89 99% 56 0 56 100% 

Ba 94 0 94 100% 56 0 56 100% 
Be 178 13 165 93% 112 62 50 45% 
Cd 108 3 105 97% 70 51 19 27% 
Co 94 0 94 100% 56 19 37 66% 
Cr 94 2 92 98% 56 28 28 50% 
Cu 94 0 94 100% 56 10 46 82% 
Fe 102 0 102 100% 61 1 60 98% 
Hg 74 51 23 31% 14 13 1 7% 
Mn 94 0 94 100% 56 0 56 100% 
Mo 94 40 54 57% 56 28 28 50% 
Ni 94 0 94 100% 56 13 43 77% 
Pb 110 0 110 100% 70 21 49 70% 
Sb 108 33 75 69% 70 24 46 66% 
Se 93 49 44 47% 24 20 4 17% 
Sn 91 50 41 45% 57 42 15 26% 
Sr 94 0 94 100% 56 0 56 100% 
Ti 112 0 112 100% 70 4 66 94% 
Tl 108 20 88 81% 70 41 29 41% 
v 94 0 94 100% 56 0 56 100% 
Zn 94 0 94 100% 56 7 49 88% 

Totals/Avg. 2491 334 2157 86% 1461 458 1003 68% 

The summary of metals concentrations in storm water runoff in 2000, including the minimum, maximum, 
median, and average concentrations of each metal detected in runoff samples are shown in Table 4-7. 
The results are shown graphically in box plots in Figures B-5a and b for unfiltered samples and in Figures 
B-6a and b for filtered samples. 
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Table 4-7. Summary of Detects of Metals in Storm Water Runoff in 2000. 

Unfiltered Samples Filtered Samples 

Minimum Maximum Median Average Minimum Maximum Median Average 
Analyte (llg/L) (llg/L) (llg/L) (llg/L) (llg/L) (llg/L) (llg/L) (llg/L) 

Ag 0.46 171.06 1.1 9.17 0.618 0.95 0.618 0.68 
AI 73.4 995000 42200 81661 1S 11500 323 871 
As 2.98 137 13.9 24.2 2.96 12 4.35 5.30 
B 5.58 317000 70.2 3726.7 8.2S 190 43.7 59.0 

Ba 24.8 20700 845 248:l 7.81 550 76.2 102.3 
Be 0.022 99.8 4.93 8.72 0.01 0.44 0.05 0.08 
Cd 0.12 33.8 1.78 3.58 0.076 0.32 0.16 0.19 
Co 0.761 475 25.2 43.4 1.02 11.3 3 3.75 
Cr 1.09 510 21.5 47.8 0.39 5.73 1.01 1.24 
Cu 2.68 607.1 45 80.3 1.64 9.8 3.49 4.26 
Fe 28:l 560000 26400 59303 24.6 6910 201 492 
Hg 0.016 1.333 0.16 0.294 0.011 0.011 0.011 0.011 
Mn 60.5 102000 2680 10568 5.04 2000 140 374 
Mo 1.47 82.793 3.4 7.9 1.71 16 5.4 6.6 
Ni 1.9 826 31.2 59.5 1.04 10 2.54 3.61 
Pb 0.085 1180 63.8 139.1 0.015 6.99 0.45 0.83 
Sb 0.173 47.695 1.03 4.28 0.201 280 1.08 8.30 
Se 2.19 56.693 6.97 12.73 2.94 4.1 3.85 3.69 
Sn 2.38 561.977 3.73 47.56 2.3S 3.45 2.38 2.47 
Sr 17.5 6944.44 310 926 10.5 590 151 186 
Ti 3.12 2980 419 637.4 1.12 157 7.09 11.61 
Tl 0.019 47.595 0.54 3.26 0.019 4.1 0.09 0.30 
v 1.6 654.24 48.4 95.1 0.97 12.2 3.1 3.6 
Zn 2.94 3610 364 470 0.504 164 7.5 18.3 

As with radionuclide constituents, the concentrations of metals in unfiltered runoff samples are typically 
higher than in the dissolved state. The metals constituents that were measured at much higher (about 
200 times) concentrations in unfiltered samples compared with filtered samples include aluminum, lead, 
and iron. Most other metals were measured in concentrations in unfiltered runoff between about two times 
and 10 times higher in unfiltered samples compared with filtered samples. The increasing concentrations 
of most metals constituents in unfiltered runoff generally correspond with increasing TSS concentrations. 
Metals in unfiltered samples that do not have an apparent correlation with TSS concentrations include 
silver, mercury, molybdenum, and selenium; these constituents are usually measured at or near their 
respective detection limits in runoff. 

4.5.2 Comparison with Historic Data 

The metals concentrations measured in runoff in 2000 are compared with maximum historic 
concentrations to provide an assessment of metals in fire-related runoff with prefire maximum 
concentrations. Figure 4-23 shows the range of metals concentrations observed in unfiltered runoff in 
2000 and the historic maximum metals concentrations observed from 1997 through 1999. The maximum 
concentrations of most metals constituents in unfiltered runoff in 2000 were higher than historically 
observed. Metals concentrations significantly higher (greater than an order of magnitude) in 2000 runoff 
include silver, boron, manganese, nickel, tin, strontium, and thallium. Metal constituents in unfiltered 
runoff that were not higher than historic maximums were mercury and selenium. Laboratory method 
detection limits for metals analyses in 2000 were lower than previous years, which likely influenced the 
results of metals that occur at or near detection limits such as mercury, antimony, and selenium. 
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Figure 4-23. Metals concentrations in unfiltered runoff in 2000 compared 
with historic maximum concentrations. 

Figure 4-24 shows the range of dissolved metals concentrations observed in runoff in 2000 and the 
historic maximum dissolved metals concentrations observed in filtered runoff from 1997 through 1999. 
The maximum concentrations of dissolved metals constituents in runoff in 2000 that were higher than 
historically observed include antimony, tin, titanium, and thallium. The concentrations of most metal 
constituents were lower than historicall~ 1ob~erved maximums, largely due to implementing laboratory 
methods utilizing lower detection limits it;~ 2qoc: :j·ssolved mercury and selenium had not previously been 
detected in filtered historic runoff samples, but due to the lower detection methods used in 2000, 
dissolved mercury was detected in one sample and selenium was detected in four samples. 
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Figure 4-24. Dissolved metals concentrations in filtered runoff in 2000 compared 
with historic maximum concentrations. 
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4.5.3 Comparison with Standards 

The concentrations of metal constituents in unfiltered storm water runoff may be compared with the 

NMWQCC livestock watering standards and the NMWQCC wildlife habitat standards. The quality of 

filtered storm water runoff may be compared against the NMWQCC groundwater standards because of 

the possibility of seepage of dissolved constituents from the streambed into underlying shallow 
groundwater. These standard values are included with the storm water data tables in Appendix Table 8-5. 

Mercury and selenium concentrations in unfiltered runoff were greater than wildlife habitat standards 

(Figure 4-25). 

Total mercury was measured above the wildlife habitat standard (0.77 J.Lg/L) in 3 of 74 (4%) samples; all 

three were collected from storm water runoff in Pajarito and Water Canyons during the large runoff event 

of June 28. The highest concentration of mercury in unfiltered runoff was 1.33 J.Lg/L from the upstream 

Pajarito Canyon stream gage (E240). The source(s) of the elevated mercury is not clear because it was 

found both onsite and above the Laboratory. There are recognized sources on LANL, natural soil 

mercury, as well as widespread atmospheric deposition from other sources distant from Los Alamos. 

Additional runoff and sediment testing in 2001 may provide more insight into this issue. 

Total recoverable selenium was measured above the wildlife habitat standard of 5 J.Lg/L in 21 of 79 (27%) 

samples, of which four were from upstream locations, five were from onsite locations, 10 were from 

downstream locations, and two were from Guaje and Rendija Canyons. The source(s) of the elevated 

selenium is not yet definitive. The distribution of these occurrences shows the presence of some natural 

selenium in the runoff. Selenium is commonly found in volcanic rich soils and rocks. LANL sources also 

may be present, in unknown quantities. 
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Figure 4-25. Mercury and selenium concentrations in unfiltered runoff 
in 2000 compared with minimum standard values. 

Figure 4-26 shows the summary of metals dissolved in runoff and the comparison standards for filtered 

runoff. Dissolved metals that were measured in concentrations above minimum standard values were 

aluminum, iron, manganese, and antimony. All of these elevated levels are attributable to natural sources. 

Aluminum was measured above the New Mexico groundwater limit (5000 J.Lg/L) in one sample collected 
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from Starmer's Gulch above SR 501, an upstream location tributary to Pajarito Canyon, on October 23. 
Iron was measured above the groundwater limit (1 000 Jlg/L) in six samples that included samples from 
three upstream locations, one onsite location, and two downstream locations. Most of the samples that 
contained dissolved iron above the standard were collected in October near the end of the runoff season. 

Dissolved antimony was found in concentrations above the EPA primary drinking water standard (6 Jlg/L) 
in two samples. One sample collected from Rendija Canyon (ER3X site) on July 17 contained 10.7Jlg/L 
and another sample collected from TA-54 MDA-G (gage E227) on August 18 contained 8.61 11g/L. 

Dissolved manganese exceeded the New Mexico groundwater standard (200 IJg/L) in nearly half of the 
filtered samples (26 of 56). Manganese has been shown to be present in runoff from fire-impacted areas 
in increased concentrations (e.g., Bitner et al. 2001, p. 7). Manganese is a natural component in plant 
tissue and surface soils. The substantial increase in dissolved levels after fires has been attributed to 
heat-induced physio-chemical breakdown of manganese complexed with organic matter {Chambers and 
Attiwill1994). An increase of 279% in the concentrations of water-soluble manganese has been recorded 
after heating soil to 4oo·c (Chambers and Attiwill1994). At Los Alamos, samples containing the higher 
dissolved manganese concentrations were collected several hours or days after the runoff event. 
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Figure 4-26. Dissolved metals concentrations in filtered runoff in 2000 
compared with minimum standard values. 

4.5.4 Metals in Suspended Sediment 

Suspended solids comprise the major portion of the total metals load in the runoff samples and were 
therefore examined to determine if metals concentrations present in the suspended sediment were above 
screening levels. The concentrations of metals in the suspended sediment fraction of the runoff samples 
were calculated using the concentrations of metals in the unfiltered runoff and the TSS concentrations. 
Samples with TSS concentrations greater than 300 mg/L were used to calculate the suspended sediment 
concentrations, which comprised the majority of runoff events. These calculations did not consider 
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dissolved concentrations in the filtered runoff; therefore, the results are considered maximum 
concentrations of metals in suspended sediment. Specific screening levels for storm water runoff are not 
available so relatively conservative screening levels for residential soil (EPA 2001) and sediment BVs 
(Ryti et al. 1998) were used to evaluate the metals concentrations in the suspended sediment fraction of 
the storm water runoff. The concentration of metals in stream sediments resulting from deposition from 
the runoff would be expected to be significantly lower than what is calculated for the suspended sediment. 

Table 4-8 summarizes the results of the calculated metals concentrations in suspended sediment and 
shows the EPA screening levels and sediment BVs, and Figure 4-27 shows the summary of the results 
and the comparison with the screening levels. Metals with concentrations in the suspended sediment 
fraction of the runoff that were greater than screening levels include iron, manganese, and thallium. Of 
these, manganese and iron were most often encountered in concentrations above the screening levels 
and manganese was calculated in concentrations significantly higher than the screening level (see Figure 
4-27). The majority of the runoff samples contain metals concentrations that meet the screening levels. 

Table 4-8. Calculated Metals Concentrations in Suspended Sediment in Runoff in 2000. 

Minimum Maximum Mean 
EPA Number Sediment 

Number of Residential of Background 
Analyte 

Calculations 
Concentration Concentration Concentration Soil SL a ~nalyses Value b 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) >SL 

Ag 60 0.012 13.16 0.24 390 0 1 

AI 60 200.000 61787.5€ 10052.20 76000 0 15,400 

As 60 0.170 18.54 2.99 22 0 3.98 

8 60 0.845 321.8~ 15.64 5500 0 

Ba 60 25.360 2019.2€ 281.25 5400 0 127 

Be 60 0.207 5.10 1.27 150 0 1.31 

Cd 60 0.047 2.2€ 0.45 39 0 0.4 

Co 60 0.324 25.2!: 6.20 3400 0 4.73 

Cr 60 0.116 32.89 6.02 210 0 10.5 

Cu 60 0.405 85.76 10.93 2900 0 11.2 

Fe 60 510.204 42227.3!: 7555.43 23000 5 13,800 

Hg 54 0.000 0.5!: 0.02 23 0 0.1 

Mn 60 37.23 16991.67 973.47 3200 9 543 

Mo 60 0.044 31.60 0.72 390 0 

Ni 60 0.378 43.12 8.47 1600 0 9.38 

Pb 60 1.305 110.51 20.04 400 0 19.7 

Sb 60 0.002 18.2C 0.31 31 0 0.83 

Se 58 0.098 19.20 1.04 390 0 0.3 

Sn 59 0.044 214.5C 1.50 47000 0 

Sr 60 31.373 2908.44 106.40 47000 0 

Ti 60 6.020 982.0~ 116.29 
Tl 60 0.003 18.17 0.24 6.3 2 0.73 

v 60 0.351 67.55 14.38 550 0 19.7 

Zn 60 2.514 877.1S 74.18 23000 0 60.2 

a EPA 2001; b Ryti et al. 1998 
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Figure 4-27. Summary of metals in suspended sediments compared with 
EPA residential soil screening level. 
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Iron was calculated to be above the screening level in 5 of 60 samples. The highest iron were in two 
samples collected during the high runoff event in lower Pajarito Canyon on June 28 at gage E250 and at 
the culvert at SR 4 (location E4SC), which contained calculated iron concentrations in suspended 
sediment of 33,125 and 44,227 mg/kg, respectively, about 1.4 and 1.8 times the screening level. Another 
runoff sample collected in lower Pajarito Canyon at gage E250 on October 23 contained 35,622 mg/kg, 
1.55 times the screening level. Two other runoff samples containing iron in concentrations above the 
screening level were from TA-54, MDA-G-1 and G-2, collected on October 11, which contained iron in 
concentrations 1.16 and 1.20 times the screening level. 

Manganese in suspended sediment was calculated in concentrations greater than the screening level in 9 
of 60 runoff samples. Samples associated with storm water runoff (TSS >300 mg/L) that contained 
manganese concentrations above the screening level were collected on June 3 from upper Los Alamos 
Canyon at gage E025 (1.95 times the screening level), on June 28 in Pajarito Canyon at gages E242 
(1.4x), E250 (3.7x), and ES4C (2.4x), Water Canyon at gages E252 (5.3x), E264 (1.4x), and E265 (1.1x), 
Canon de Valle at gage E253 (2.9x), and on October 23 in upper Pajarito Canyon at gage E240 (1.4x). 
Manganese was identified as occurring in elevated concentrations in ash and muck after the fire (LANL 
2000a), which is likely the source of elevated concentrations in the runoff suspended sediment. 

Thallium in suspended sediment was calculated to be present in concentrations greater than the 
screening level in 2 of 60 samples. A sample collected on June 28 from Pajarito Canyon (gage E241) 
contained 2.8 times the screening level, and another sample collected on June 28 from upper Water 
Canyon (gage E252) contained 1.2 times the screening level. 

The evaluation of metals in suspended sediment in runoff identified manganese as the metal likely to be 
of most concern from a public exposure perspective. The elevated concentrations commonly occurred in 
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samples collected in Pajarito Canyon and Water Canyon both onsite and upstream of LANL, where the 
concentrations should be primarily derived from natural sources. Manganese concentrations calculated 
for suspended sediment in fire-related runoff samples were usually less than five times the screening 
level. Due to further downstream mixing, the concentrations in sediment found in deposits after the runoff 
events will likely be substantially lower than concentrations calculated for the runoff samples. 

Figure 4-28 shows the summary of the calculated metals concentrations in suspended sediment 
compared with stream sediment BVs that have been derived for LANL (Ryti et al. 1998). Specific BVs for 
suspended sediments have not been determined and the concentrations of metals in suspended 
sediments in runoff is expected to be higher than in stream sediments due to the smaller particle sizes in 
runoff. The comparison with stream sediment BVs is shown here for evaluation purposes only. The 
concentration of metals in stream sediments resulting from deposition from the runoff would be expected 
to be significantly lower than what is calculated for the suspended sediment. 

Maximum concentrations of all metals in suspended sediments are greater than sediment BVs, however, 
mean concentrations for most metals are less than the sediment BV. Metals with mean concentrations 
higher than the sediment BV include barium, cadmium, cobalt, manganese, lead, selenium, and zinc. 
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Figure 4-28. Summary of metals in suspended sediments compared with background values. 
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4.5.5 Transport of Metals in Storm Water Runoff 

Figures 4-29a and b show the flow-weighted average annual concentrations of metals in storm water 
runoff at downstream LANL sites. Metals that have higher flow-weighted average concentrations in 2000 
than previous years include silver, aluminum, arsenic, boron, barium, beryllium, cobalt, chromium, copper, 
iron, mercury, manganese, nickel, lead, antimony, tin, strontium, vanadium, and zinc. Metals that had 
higher flow-weighted concentrations in previous years include cadmium, molybdenum, and selenium. The 
higher flow-weighted average concentrations in 2000 are partially due to the higher flow volumes 
associated with runoff from fire areas and the higher concentrations of some metals observed in fire­
related runoff. 

Substantial increases occurred during 2000 in flow-weighted average metals concentrations of arsenic, 
boron, barium, chromium, copper, manganese, strontium, silver, vanadium, and zinc, compared to levels 
seen in the three years before the fire. Increases of 5 to 10 times above prefire levels were seen for most 
of these metals. In addition, concentrations of antimony, nickel, lead, and tin were twice the prefire 
concentrations in 2000. 

The prefire average concentrations typically varied within about one-half an order of magnitude. Within 
these limited ranges, however, there is a suggestion of upward trends in some prefire metals 
concentrations over the three prefire years for which we have storm water runoff data. Average 
concentrations progressively increase for barium, beryllium, cobalt, nickel, lead, manganese, strontium, 
and zinc. The interpretation of this preliminary finding is not clear. Additional study is needed to determine 
if the indicated trends can be isolated to individual drainages. 
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Figure 4-29a. Flow-weighted average annual concentrations of metals in unfiltered 
runoff at downstream sites. 
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Figure 4-29b. Flow-weighted average annual concentrations of metals in unfiltered 

runoff at downstream sites (continued). 

4.5.6 Summary of Metals in Runoff 

The maximum concentrations of most metals constituents in unfiltered runoff in 2000 were higher than 

historically observed. Metals concentrations significantly higher (greater than an order of magnitude) in 

2000 runoff include silver, boron, manganese, nickel, tin, strontium, and thallium. Metal constituents in 

unfiltered runoff that were not higher than historic maximums were mercury, antimony, and selenium. The 

maximum concentrations of dissolved metals constituents in runoff in 2000 that were higher than 

historically observed include antimony, tin, titanium, and thallium. The concentrations of most metal 

constituents were lower than historically observed maximums, largely due to implementing laboratory 

methods utilizing lower detection limits in 2000. 

Maximum concentrations of metals constituents in unfiltered storm water runoff in 2000 that were greater 

than minimum standards include aluminum, barium, copper, mercury, lead, and selenium. Dissolved 

metals that were measured in concentrations above minimum standard values were aluminum, iron, and 

manganese. 

Iron concentrations in unfiltered samples increased for a time in June and July immediately following the 

fire and decreased throughout the runoff season. However, dissolved iron concentrations in runoff in June 

and July were significantly lower than prefire concentrations, but increased throughout the runoff season, 

reflecting a geochemical change in the runoff created by the presence of ash and muck materials. 

Manganese concentrations in unfiltered runoff were significantly higher in 2000 as the result of the 

presence of ash and muck from fire-impacted areas. Significantly higher dissolved manganese 

concentrations were noted in runoff samples collected several hours or days after the initial precipitation 

and runoff events, indicating that increased dissolved manganese concentrations were related to 

increased time that water was in contact with ash and muck materials. 

Higher concentrations of silver in unfiltered runoff in 2000 are from relatively high runoff events generated 

from the fire-impacted areas. However, the higher silver concentrations tend to be from onsite and 
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downstream locations and may be related to high-volume runoff transporting silver from historic LANL 
discharges in some canyons rather than to direct impacts from the Cerro Grande Fire. Strengthening the 
possibility that silver is Laboratory-derived is the observation that silver was largely not detected in 
samples from Guaje and Rendija Canyons, which showed high concentrations for most other metals and 
radionuclides. 

Metal constituents that have higher flow-weighted average concentrations in 2000 than previous years 
include silver, aluminum, arsenic, boron, barium, beryllium, cobalt, chromium, copper, iron, mercury, 
manganese, nickel, lead, antimony, tin, strontium, vanadium, and zinc. The higher flow-weighted average 
concentrations in 2000 are principally due to the higher flow volumes associated with runoff from fire­
impacted areas and to the higher concentrations of some metals observed in fire-related runoff. 

Metals with concentrations in the suspended sediment fraction of the runoff that were greater than 
screening levels include iron, manganese, and thallium. Of these, manganese and iron were most often 
encountered in concentrations above the screening levels and manganese was calculated in 
concentrations significantly higher than the screening level. The majority of the runoff samples contain 
metals concentrations that meet the screening levels. 

4.6 Organic Compounds in Storm Water Runoff 

Table 4-9 summarizes the locations where we collected samples for organic analyses in 2000. (See 
Section 5.F.2.c. of the Environmental Surveillance report [LANL, 2001] for the analytical methods and 
analytes.) Samples were analyzed for VOCs and SVOCs. Some samples were also analyzed for HE 
constituents, PCBs, and dioxins/furans. Table 4-10 shows organic compounds detected in runoff in 2000 
above the analytical laboratory's reporting level. PCBs and dioxins/furans were not found in runoff above 
analytical detection limits. 

HE compounds detected include HMX, RDX, Tetryl, and several isomers of nitrobenzene and 
nitrotoluene. Except for HMX and RDX, these compounds were detected only in the large runoff event of 
June 28. When performing the analyses on the June 28 samples, however, the commercial analytical 
laboratory noted substantial matrix interferences because of the high ash content in these samples (Lab 
quality code= X, see Table 4-10), and these values are suspect. Most of these HE compounds were 
detected in samples collected upstream or in canyons north of the Laboratory. Trace (sub-part per billion) 
levels of HMX and RDX also were detected in a runoff sample collected in lower Water Canyon at SR 4 
(gage E265) in late October. HMX and RDX have previously been detected in surface water and spring 
discharges in this drainage system at comparable levels (e.g., LANL 1998, p. 131). 

Detections of SVOCS included bis(2-ethylhexyl)phthalate, benzoic acid, benzyl alcohol, 2-
methylnapthalene, and pyridine. The benzoic acid, benzyl alcohol, and pyridine are thought to be 
products of combustion of forest fuels. Benzoic acid was detected throughout the runoff season in many 
fire-impacted drainages, and pyridine was detected in Guaje Canyon, north of the Laboratory. There is no 
definitive source for the bis(2-ethylhexyl)phthalate, but this compound is commonly recognized as 
introduced in analytical laboratory analysis. 

The one VOC detected in runoff in 2000 was 1 A-Dichlorobenzene. The three detections of this 
compound were at levels very near the analytical detection limit, and samples were collected from 
locations upstream of the Laboratory. Detections of all of organic chemicals except one were at 
concentrations below the EPA Region 6 screening values for tap water (EPA 2001 ). One runoff sample 
from TA-54 MDA-G station G-4 contained bis(2-ethylhexyl)phthalate at a concentration approximately 
three times larger than the EPA screening level. 
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Table 4-10. Organic Compounds Detected in Runoff Samples in 2000a. 

Location Name 
Pajarito Canyon above 
SR 501 

Indio Canyon at SR 4 
Canon del Valle above 
SR 501 

Water Canyon below SR 4 
Pajarito Canyon at SR 4 
Culvert 

Indio Canyon at SR 4 
Pajarito Canyon above 
SR 501 

Indio Canyon at SR 4 

Indio Canyon at SR 4 
Canon del Valle above 
SR 501 
Pajarito Canyon above 
SR 501 
Canon del Valle above 
SR 501 

Indio Canyon at SR 4 
Pajarito Canyon at SR 4 
Culvert 
Canon del Valle above 
SR 501 
Canon del Valle above 
SR 501 
Pajarito Canyon above 
SR 501 

Date 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

6/28 

Indio Canyon at SR 4 6/28 

Water Canyon below SR 4 6/28 
Pajarito Canyon at SR 4 
Culvert 6/28 
Pajarito Canyon above 
SR 4 6/28 
Pajarito Canyon at SR 4 
Culvert 6/28 

Water Canyon below SR 4 6/28 

Water Canyon below SR 4 6/28 

Guaje Canyon at SR 502 7/9 

Water Canyon at SR 4 1 0/27 

Water Canyon at SR 4 1 0/27 
Los Alamos Canyon at 
Los Alamos 6/3 
Los Alamos Canyon at 
Los Alamos 6/3 
Pajarito Canyon at TA-18 
Culvert 6/28 
Pajarito Canyon above 
SR 501 6/28 

Starmer's Gulch at TA-22 
Pajarito Canyon above 
SR 4 

Guaje Canyon at SR 502 
Los Alamos Canyon near 
Los Alamos 

Guaje Canyon at SR 502 
Los Alamos Canyon at 
Los Alamos 

6/28 

6/28 

7/9 

7/9 

7/9 

9/12 

Fld 
Prep 

UF 
UF 

UF 
UF 

UF 
UF 

UF 
UF 
UF 

UF 

UF 

UF 
UF 

UF 

UF 

UF 

UF 
UF 
UF 

UF 

UF 

UF 
UF 
UF 
UF 
UF 
UF 

UF 

UF 

UF 

UF 
UF 

UF 
UF 

UF 
UF 

UF 

Lab 
Sample 
Type 

cs 
cs 

cs 
cs 

cs 
cs 

cs 
cs 
RE 

cs 

cs 

cs 
cs 

cs 

cs 

cs 

cs 

Suite Analyte 

HEXP 2,4,6-Trinitrotoluene 

HEXP 2,4,6-Trinitrotoluene 

HEXP 4-Amino-2,6-dinitrotoluene 

HEXP 4-Amino-2,6-dinitrotoluene 

HEXP 4-Amino-2,6-dinitrotoluene 

HEXP 4-Amino-2,6-dinitrotoluene 

HEXP 4-Amino-2,6-dinitrotoluene 

HEXP HMX 

HEXP HMX 

HEXP 2-Amino-4,6-dinitrotoluene 

HEXP 2-Amino-4,6-dinitrotoluene 

HEXP Tetryl 

HEXP Tetryl 

HEXP Tetryl 

HEXP 2-nitrotoluene 

HEXP Nitrobenzene 

HEXP Nitrobenzene 

CS HEXP Nitrobenzene 

CS HEXP 3-Nitrotoluene 

CS HEXP 3-Nitrotoluene 

CS HEXP 1 ,3,5-trinitrobenzene 

CS HEXP 1 ,3,5-trinitrobenzene 

CS HEXP 1,3,5-trinitrobenzene 

CS HEXP 1 ,3-Dinitrobenzene 

CS HEXP 1 ,3,5-trinitrobenzene 

CS HEXP RDX 

CS HEXP HMX 

CS SVOC Benzoic Acid 

CS SVOC Benzoic Acid 

CS SVOC Benzoic Acid 

CS SVOC Benzoic Acid 

CS SVOC Benzoic Acid 

CS SVOC Benzoic Acid 

CS SVOC Pyridine 

CS SVOC Bis{2-ethylhexyl)phthalate 

CS SVOC Benzoic Acid 

CS SVOC Bis(2-ethylhexyl)phthalate 
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Result MDL Units 

0.44 0.035 ~g/L 

0.38 0.035 ~g/L 

1.3 0.08 ~g/L 

1.3 0.08 ~g/L 

1.9 0.08 ~g/L 

1.2 0.08 ~g/L 

2.8 0.08 ~g/L 

2.2 0.041 ~g/L 

2.2 0.041 ~g/L 

0.061 ~g/L 

1.3 0.061 ~g/L 

8.1 0.076 ~g/L 

3.7 0.076 ~g/L 

18 0.076 ~g/L 

1.4 0.069 ~g/L 

5.6 0.04 ~g/L 

13 0.04 ~g/L 

4 0.04 ~g/L 

2.7 0.031 ~g/L 

3 0.031 ~g/L 

2.6 0.049 ~g/L 

4.2 0.049 ~g/L 

5.7 0.049 ~g/L 

1.9 0.078 ~g/L 

1.5 0.049 ~g/L 

0.76 0.0221 ~g/L 

0.52 0.0261 ~g/L 

690 40 ~g/L 

250 16 ~g/L 

1900 120 ~g/L 

1800 84 ~g/L 

1300 82 ~g/L 

1300 95 ~g/L 

16 3 ~g/L 

1.9 1.1 ~g/L 

67 5.2 ~g/L 

1.4 0.32 !Jg/L 

Lab 
Qual 
Code 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Lab 
Code 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

GELC 

GELC 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

PARA 

GELC 



Table 4-10 (Cont.) 
Lab Lab 

Fld Sample Qual Lab 
Location Name Date Pre~ T:tf:!e Suite Anal~e Result MDL Units Code Code 

G-4 10/12 UF cs svoc Bis(2-ethylhexyl)phthalate 5.3 0.32 IJg/L GELC 

G-4 10/12 UF cs svoc Bis(2-ethylhexyl)phthalate 13.1 0.32 IJg/L GELC 

G-4 10/12 UF cs SVOC 2-Methylnaphthalene 3.6 0.15 IJg/L GELC 
Starmer's Gulch above 
SR 501 10/23 UF cs svoc Benzyl Alcohol 31.6 0.23 IJg/L GELC 
Starmer's Gulch above 
SR 501 10/23 UF cs svoc Benzoic Acid 111 2.76 IJg/L GELC 
Water Canyon above 
SR 501 10/23 UF cs svoc Benzoic Acid 43.8 2.76 IJg/L GELC 
Canon del Valle above 
SR 501 10/23 UF cs svoc Benzoic Acid 46.4 2.76 IJg/L GELC 
Two-mile Canyon above 
SR 501 10/23 UF cs svoc Benzoic Acid 457 2.76 IJg/L D GELC 
Pajarito Canyon above 
SR 501 9/8 UF cs voc 1 A-Dichlorobenzene 0.18 0.118 IJg/L GELC 

Guaje Canyon at SR 502 9/8 UF cs voc 1 A-Dichlorobenzene 0.22 0.118 IJg/L GELC 
Los Alamos Canyon at 
Los Alamos 9/12 UF cs voc 1 A-Dichlorobenzene 0.12 0.118 IJg/L GELC 

HEXP = high explosive compounds; SVOC = semivolatile organic compounds; VOCs =volatile organic compounds; CS = client 
sample; UF =unfiltered sample; X= matrix interference from high ash content.; D =Sample diluted to facilitate analysis; PARA= 
Paragon Analytics, Inc.; GELC =General Engineering Laboratory 

Oil and grease analyses were performed on seven storm water runoff samples collected in 2000. Table 
4-11 lists the results of the analyses for oil and grease. Oil and grease were detected in estimated 
concentrations in four of the seven analyses. Three of the samples containing oil and grease in the storm 
water runoff were from T A-54 MDA-G and one sample from the Pajarito Canyon retention pond in middle 
Pajarito Canyon. 

Table 4-11. Results of Oil and Grease Analysis of Runoff in 2000. 
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Appendix A. Storm Water Runoff Samples Collected at LANL in 2000 after the Cerro Grande Fire. 

Sample Gage- Sample 
Date location SamE!Ie 10 PreE! Number of Anal~ses Results 

Semi-Volatile Volatile 
General High Organic Organic 
Water Explosive Pesticides Radio- Compounds Compounds 

Chemist~ ComEounds Metals - PCBs nuclides {SVOCs) ~OCs) 
6/2/00 E030 PS00061E030 UF 12 31 7 51 71 
6/2/00 E030 PS00062E030 UF 1 
6/2/00 E040 PS00061E040 UF 11 31 7 51 71 
6/2/00 E040 PS00062E040 UF 1 
6/2/00 E042 PS00061E042 UF 11 31 51 
6/2/00 E042 PS00062E042 UF 1 
6/3/00 E025 PF00061E025 F 4 31 51 
6/3/00 E025 PS00061E025 UF 12 31 7 51 71 
6/3/00 E025 PS00062E025 UF 1 
6/3/00 E042 PF00063E042 F 4 31 51 
6/3/00 E042 PS00063E042 UF 12 31 7 53 71 
6/3/00 E042 PS00064E042 UF 1 

6/28/00 E18C PF00061E18C F 8 55 51 
6/28/00 E18C PS00061E18C UF 13 26 7 130 81 
6/28/00 E18C PS00062E18C UF 3 
6/28/00 E240 PF00063E240 F 4 31 51 
6/28/00 E240 PS00063E240 UF 13 28 25 7 92 101 
6/28/00 E240 PS00064E240 UF 2 
6/28/00 E241 PF00061E241 F 4 31 51 
6/28/00 E241 PS00061E241 UF 14 26 7 96 
6/28/00 E241 PS00062E241 UF 2 
6/28/00 E242 PF00065E242 F 4 31 51 
6/28/00 E242 PS00065E242 UF 13 25 7 54 81 
6/28/00 E242 PS00066E242 UF 2 
6/28/00 E250 PF00061E250 F 4 31 52 
6/28/00 E250 PS00061E250 UF 13 28 27 7 92 91 
6/28/00 E250 PS00062E250 UF 2 
6/28/00 E252 PS00061E252 UF 13 26 95 10 
6/28/00 E252 PS00062E252 UF 3 
6/28/00 E253 PS00061E253 UF 13 28 25 7 92 81 
6/28/00 E253 PS00062E253 UF 2 
6/28/00 E263 PS00061E263 UF 3 
6/28/00 E264 PF00061E264 F 90 
6/28/00 E264 PS00061E264 UF 15 28 32 7 89 91 
6/28/00 E264 PS00062E264 UF 2 
6/28/00 E265 PF00061E265 F 4 31 90 
6/28/00 E265 PS00061E265 UF 13 28 25 7 92 91 
6/28/00 E265 PS00062E265 UF 2 
6/28/00 EPG1 PF00061EPG1 F 51 
6/28/00 EPG1 PS00061 EPG1 UF 2 92 
6/28/00 EPG1 PS00062EPG1 UF 2 
6/28/00 ES4C PF00065ES4C F 4 31 53 
6/28/00 ES4C PS00065ES4C UF 15 28 25 7 92 91 
6/28/00 ES4C PS00066ES4C UF 2 

7/9/00 E042 PF00071E042 F 4 32 54 
7/9/00 E042 PS00071E042 UF 21 28 56 7 127 81 
7/9/00 E042 PS00072E042 UF 2 
7/9/00 EGS4 PF00071 EGS4 F 4 32 51 
7/9/00 EGS4 PS00071 EGS4 UF 13 28 32 7 125 81 
7/9/00 EGS4 PS00072EGS4 UF 2 

7/15/00 E223 GS00071 E223 UF 3 8 
7/15/00 E223 PS00071E223 UF 12 24 
7/15/00 E223 PS00072E223 UF 2 
7/16/00 E122 PS00071E122 UF 2 7 
7/17/00 E122 GS00073E122 UF 2 8 
7/17/00 E122 PS00073E122 UF 11 24 57 
7/17/00 E122 PS00074E122 UF 2 
7/17/00 E196 GS00071E196 UF 8 
7/17/00 E196 PS00071E196 UF 11 24 52 
7/17/00 E196 PS00072E196 UF 2 
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Sample Gage- Sample 
Date Location Samele ID Pree Number of Anal~ses Results 

Semi-Volatile Volatile 
General High Organic Organic 
Water Explosive Pesticides Radio- Compounds Compounds 

Chemist~ Com~ounds Metals - PCBs nuclides {SVOCs) ~OCs) 

7/17/00 E223 GF00073E223 F 8 
7/17/00 E223 GS00073E223 UF 2 8 10 
7/17/00 E223 PS00073E223 UF 4 7 52 71 

7/17/00 E223 PS0007 4E223 UF 2 
7/17/00 ER3X GF00071ER3X F 8 
7/17/00 ER3X PF00071 ER3X F 4 24 51 
7/17/00 ER3X PS00071 ER3X UF 12 48 67 
7/17/00 ER3X PS00072ER3X UF 3 
7/18/00 E025 GF00071 E025 F 8 
7/18/00 E025 GS00071E025 UF 4 16 
7/18/00 E025 PF00071E025 F 4 24 57 
7/18/00 E025 PS00071E025 UF 11 24 7 57 71 

7/18/00 E025 PS00073E025 UF 2 55 
7/19/00 E025 PS00072E025 UF 2 
7/19/00 E025 PS0007 4E025 UF 2 
7/21/00 ELAW GF00071ELAW F 1 25 67 
7/21/00 ELAW GS00071ELAW UF 8 52 7 120 70 

7/21/00 ELAW GS00072ELAW UF 1 
7/25/00 E039 GF00071 E039 F 1 25 
7/25/00 E039 GS00071 E039 UF 5 26 70 

7/25/00 E039 GS00072E039 UF 2 
7/29/00 E227 GF00071 E227 F 1 25 68 
7/29/00 E227 GS00071 E227 F 2 
7/29/00 E227 GS00071 E227 UF 10 14 26 7 66 70 

7/29/00 E227 GS00072E227 UF 2 
7/29/00 E230 GF00081E230 F 1 25 
7/29/00 E230 GS00081E230 F 1 
7/29/00 E230 GS00081E230 UF 13 26 7 70 
7/29/00 E230 GS00082E230 UF 2 
7/29/00 E248 GF00071 E248 F 1 25 65 
7/29/00 E248 GS00071 E248 F 1 
7/29/00 E248 GS00071E248 UF 13 14 26 7 63 
7/29/00 E248 GS00072E248 UF 2 
7/29/00 E248.5 GS000712485 F 1 
7/29/00 E248.5 GS000712485 UF 11 26 
7/29/00 E265 GF00081 E265 F 62 
7/29/00 E265 GS00081E265 UF 19 14 51 7 116 
7/29/00 E265 GS00082E265 UF 2 

8/9/00 E221 GS00081E221 F 2 
8/9/00 E221 GS00081E221 UF 6 52 7 
8/9/00 E221 GS00082E221 UF 2 
8/9/00 E227 GS00081E227 F 1 
8/9/00 E227 GS00081E227 UF 8 7 
8/9/00 E227 GS00082E227 UF 2 
8/9/00 E230 GS00083E230-1 UF 3 62 
8/9/00 E230 GS00084E230-1 UF 2 
8/9/00 E247 GS00081E247 F 1 
8/9/00 E247 GS00081E247 UF 12 
8/9/00 E247 GS00082E24 7 UF 2 
8/9/00 E248 GF00081 E248 F 1 24 71 
8/9/00 E248 GS00081E248 UF 3 14 26 7 116 10 

8/9/00 E248 GS00082E248 UF 2 
8/9/00 E248.5 GS000812485 UF 2 7 62 
8/9/00 E248.5 GS000822485 UF 2 
8/9/00 E267 GS00081E267 UF 10 26 7 63 
8/9/00 E267 GS00082E267 UF 2 

8/12/00 E265 GS00083E265 UF 3 14 26 49 
8/12/00 E265 GS00084E265 UF 2 
8/15/00 E249.5 GS000812495 F 2 
8/15/00 E249.5 GS000812495 UF 20 51 104 
8/15/00 E249.5 GS000822495 UF 2 
8/18/00 E227 GF00083E227 F 1 24 62 
8/18/00 E227 GS00083E227 F 3 
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Sample Gage- Sample 
Date Location Sam(!le ID Pre!! Number of Anal:tses Results 

Semi-Volatile Volatile 
General High Organic Organic 
Water Explosive Pesticides Radio- Compounds Compounds 

Chemist!}: Comeounds Metals - PCBs nuclides {SVOCs) {VOCs) 

8/18/00 E227 GS00083E227 UF 20 33 70 
8/18/00 E227 GS00084E227 UF 3 
8/18/00 E230 GF00085E230 F 1 24 112 
8/18/00 E230 GS00083E230-2 F 2 
8/18/00 E230 GS00083E230-2 UF 15 
8/18/00 E230 GS00085E230 UF 6 26 68 
8/18/00 E230 GS00086E230 UF 3 
8/18/00 E248.5 GF000832485 F 1 24 17 
8/18/00 E248.5 GS000832485 F 2 
8/18/00 E248.5 GS000832485 UF 12 14 26 7 27 80 31 
8/18/00 E248.5 GS000842485 UF 3 
8/18/00 E265 GF00085E265 F 1 24 20 
8/18/00 E265 GS00085E265 F 2 
8/18/00 E265 GS00085E265 UF 13 14 44 7 20 80 31 
8/18/00 E265 GS00086E265 UF 5 
8/18/00 E273 GS00081E273 UF 4 26 
8/18/00 E273 GS00082E273 UF 3 
8/18/00 E275 GS00081E275 UF 5 51 
8/18/00 E275 GS00082E275 UF 3 
8/24/00 EPRP GF00081EPRP F 23 26 70 
8/24/00 EPRP GF00081EPRP UF 1 
8/24/00 EPRP GS00081EPRP F 3 
8/24/00 EPRP GS00081EPRP UF 19 26 125 
8/31/00 ELAR GF00081ELAR F 17 25 62 
8/31/00 ELAR GF00081ELAR UF 1 
8/31/00 ELAR GS00081ELAR UF 15 14 51 7 127 80 
8/31/00 EULR GF00081EULR F 15 25 62 
8/31/00 EULR GS00081EULR UF 11 14 26 7 61 80 

9/8/00 E240 GF00091 E240 F 6 24 236 
9/8/00 E240 GS00091 E240 F 6 
9/8/00 E240 GS00091 E240 UF 14 14 51 7 174 80 31 
9/8/00 E240 GS00092E240 UF 1 
9/8/00 EGS4 GF00091 EGS4 F 6 24 124 
9/8/00 EGS4 GS00091 EGS4 F 2 
9/8/00 EGS4 GS00091 EGS4 UF 9 14 26 7 121 80 31 

9/8/00 EGS4 GS00092EGS4 UF 1 
9/12/00 E025 GF00091 E025 F 6 24 130 
9/12/00 E025 GS00091E025 F 2 
9/12/00 E025 GS00091 E025 UF 12 14 26 7 123 80 31 

9/12/00 E025 GS00092E025 UF 2 
1017/00 E196 GF00101 E196 F 59 
1017/00 E196 GS00101E196 F 3 
10/7/00 E196 GS00101E196 UF 17 49 108 
1017/00 E196 GS00102E196 UF 3 
10/7/00 E223 GS001 01 E223 F 3 
10/7/00 E223 GS00101E223 UF 13 25 8 53 
1017/00 E223 GS00102E223 UF 3 

10/11/00 E227 GF00101E227 F 11 25 77 
10/11/00 E227 GS00101E227 F 6 
10/11/00 E227 GS00101E227 UF 17 51 78 
10/11/00 E227 GS00102E227 UF 3 
10/11/00 E230 GS001 01 E230 UF 11 26 
10/11/00 E230 GS001 02E230 UF 3 
10/11/00 E247 GF00101E247 F 6 25 
10/11/00 E247 GS00101E247 F 3 
10/11/00 E247 GS00101E247 UF 12 26 8 72 
10/11/00 E247 GS00102E247 UF 3 
10/11/00 E248 GF00101E248 F 6 25 76 
10/11/00 E248 GS00101E248 F 3 
10/11/00 E248 GS001 01 E248 UF 12 26 8 72 

10/11/00 E248 GS00102E248 UF 3 
10/11/00 E248.5 GF001012485 F 6 25 
10/11/00 E248.5 GS001012485 F 3 
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Sample Gage- Sample 
Date Location Sam~le ID Pre~ Number of Anal~ses Results 

Semi-Volatile Volatile 
General High Organic Organic 
Water Explosive Pesticides Radio- Compounds Compounds 

Chemist!}: Com~ounds Metals - PCBs nuclides (SVOCs) (VOCs) 
10/11/00 E248.5 GS001012485 UF 12 26 8 73 
10/11/00 E248.5 GS001022485 UF 4 
10/12/00 E040 GS00101E040-1 UF 3 71 
10/12/00 E040 GS00102E040-1 UF 2 
10/12/00 E249.5 GF001012495 F 6 25 75 
10/12/00 E249.5 GS001012495 F 4 
10/12/00 E249.5 GS001012495 UF 14 26 73 74 
10/12/00 E249.5 GS001022495 UF 3 
10/17/00 E042 GS00101E042 UF 2 71 
10/17/00 E042 GS00102E042 UF 3 
10/17/00 E122 GS00101E122 UF 2 81 
10/17/00 E122 GS00102E122 UF 2 
10/23/00 E030 GS00101E030 UF 9 25 
10/23/00 E038 GS00101E038 UF 3 
10/23/00 E039 GS001 01 E039 F 2 
10/23/00 E039 GS001 01 E039 UF 10 24 
10/23/00 E039 GS00102E039 UF 1 
10/23/00 E040 GS00101E040-2 F 2 
10/23/00 E040 GS001 01 E040-2 UF 12 24 
10/23/00 E040 GS001 02E040-2 UF 1 
10/23/00 E042 GF00103E042 F 6 24 72 
10/23/00 E042 GS00103E042 F 2 
10/23/00 E042 GS00103E042 UF 9 26 72 10 
10/23/00 E042 GS001 04E042 UF 3 
10/23/00 E060 GF00101E060 F 1 24 
10/23/00 E060 GS00101E060 F 2 
10/23/00 E060 GS00101E060 UF 11 25 71 
10/23/00 E060 GS00102E060 UF 2 
10/23/00 E218 GS00101E218 UF 4 25 
10/23/00 E218 GS00102E218 UF 1 
10/23/00 E230 GS001 03E230 F 2 
10/23/00 E230 GS001 03E230 UF 12 14 26 72 10 
10/23/00 E230 GS00104E230 UF 3 
10/23/00 E240 GF00101E240 F 6 24 76 
10/23/00 E240 GS00101E240 F 3 
10/23/00 E240 GS00101E240 UF 24 52 127 
10/23/00 E240 GS00102E240 UF 2 
10/23/00 E240 GS00103E240 UF 6 14 7 80 31 
10/23/00 E249 GF00101E249 F 1 24 
10/23/00 E249 GS00101E249 F 2 
10/23/00 E249 GS00101E249 UF 13 26 72 
10/23/00 E249 GS00102E249 UF 3 
10/23/00 E252 GF00101E252 F 6 24 71 
10/23/00 E252 GS001 01 E252 F 2 
10/23/00 E252 GS00101E252 UF 13 14 26 7 74 82 31 
10/23/00 E252 GS00102E252 UF 3 
10/23/00 E253 GF00101E253 F 6 24 71 
10/23/00 E253 GS00101E253 F 2 
10/23/00 E253 GS001 01 E253 UF 12 14 26 7 75 81 31 
10/23/00 E253 GS001 02E253 UF 3 
10/23/00 E265 GF001 01 E265 F 6 24 
10/23/00 E265 GS00101E265 F 2 
10/23/00 E265 GS001 01 E265 UF 15 14 51 8 2 80 31 
10/23/00 E265 GS001 02E265 UF 4 
10/23/00 E267 GF00101E267 F 6 24 5 
10/23/00 E267 GS00101E267 F 3 
10/23/00 E267 GS00101E267 UF 13 26 3 
10/23/00 E267 GS00102E267 UF 3 
10/23/00 E275 GS00101E275 F 1 
10/23/00 E275 GS00101E275 UF 18 26 
10/23/00 E275 GS001 02E275 UF 3 
10/23/00 M2417 GF001012417 F 6 24 78 
10/23/00 M2417 GS001012417 F 2 
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Sample Gage- Sample 
Date Location Sam~le ID Pre~ Number of Anal~ses Results 

Semi-Volatile Volatile 
General High Organic Organic 
Water Explosive Pesticides Radio- Compounds Compounds 

Chemist!l: Com~ounds Metals - PCBs nuclides {SVOCs) ~OCs) 
10/23/00 M2417 GS001012417 UF 15 14 26 72 80 31 
10/23/00 M2417 GS001022417 UF 3 

Two-mile 
above 

Highway 
10/23/00 501 GF001 012436 F 9 24 74 

Two-mile 
above 

Highway 
10/23/00 501 GS001012436 F 2 

Two-mile 
above 

Highway 
10/23/00 501 GS001012436 UF 12 14 26 7 72 80 31 

Two-mile 
above 

Highway 
10/23/00 501 GS001022436 UF 3 
10/24/00 E250 GF00101E250 F 8 24 71 
10/24/00 E250 GS00101E250 F 3 
10/24/00 E250 GS00101E250 UF 13 14 25 8 76 80 31 
10/24/00 E250 GS001 02E250 UF 1 
10/25/00 E248.5 GF001032485 F 6 24 
10/25/00 E248.5 GS001 032485 UF 9 25 
10/25/00 E248.5 GS001042485 UF 1 
10/27/00 E039 GF00103E039 F 7 48 
10/27/00 E039 GS00103E039 UF 5 24 
10/27/00 E040 GF00105E040 F 6 24 77 
10/27/00 E040 GS00105E040 F 2 
10/27/00 E040 GS001 05E040 UF 6 25 
10/27/00 E040 GS00106E040 UF 3 
10/27/00 E042 GF00105E042 F 6 24 
10/27/00 E042 GS00105E042 UF 5 73 
10/27/00 E060 GF00103E060 F 71 
10/27/00 E060 GS001 03E060 UF 4 72 
10/27/00 E060 GS001 04E060 UF 2 
10/27/00 E250 GF00103E250 F 6 24 72 
10/27/00 E250 GS00103E250 F 2 
10/27/00 E250 GS00103E250 UF 13 14 26 72 
10/27/00 E263 GF00101E263 F 9 24 
10/27/00 E263 GS00101E263 F 2 
10/27/00 E263 GS001 01 E263 UF 17 14 50 1 10 
10/27/00 E265 GF00103E265 F 6 24 71 
10/27/00 E265 GS00103E265 UF 6 27 72 
10/27/00 E265 GS00104E265 UF 2 
10/28/00 E230 GF00105E230 F 6 24 
10/28/00 E230 GS001 05E230 F 2 
10/28/00 E230 GS00105E230 UF 12 14 25 
10/28/00 E230 GS00106E230 UF 2 
10/28/00 E248.5 GF001052485 F 1 24 78 
10/28/00 E248.5 GS001052485 UF 4 1 72 
10/28/00 E248.5 GS001062485 UF 2 
10/28/00 E250 GS001 04E250 UF 2 
10/28/00 E263 GS001 02E263 UF 3 
10/28/00 E273 GF00101E273 F 5 
10/28/00 E273 GS00101E273 F 3 
10/28/00 E273 GS00101E273 UF 6 25 
10/28/00 E273 GS001 02E273 UF 2 
10/28/00 E275 GS00103E275 F 2 
10/28/00 E275 GS00103E275 UF 6 25 
10/28/00 E275 GS00104E275 UF 2 
10/30/00 E042 GS001 07E042 UF 6 

A-5 



Ill 
I ...... 

Table B-1. Chemical Quality of Storm Water Runoff in 2000 
Total Cond~ 

Alkalinit uctance 

St~!iQD __ fl~~--- Da1e Codesb Si02 Ca 
·Result ·Res-Uti 

---4-2.0 

Mg Cl so, C93A!~!~~!Y -··· .'! _____ ___ --~. . ....... .3-~ _ ______ _QN __ (~!!)en) _____ <;!'!_(IQIA~l _ ______________________ TSSd ~ab ~tl~. _(~~~! K Na 

=:;~=---;;-..-="' ... R"SSUit 
Los Alamos Canyon at Los Alamos 6/3 F CS 

Sym Result Result Result Result S}'!!l__f3_esult Syrn Result Sym Result Svm Result Sym Result Result Result I 

250 
LO§ __ ~~~-~!!~YQ!:I_~t !-~ .. Al~f!l-~ §!~_JlE ~~ 
!:~--~~~~-~DYQ!l.JI!J.~~~!O~.... ______ 6/3 _l)f ~§ .. 

----------,_so-
§9.0" 7,1 __ 13.0 6.8 __ - . ------- - ---"---- 0.07 < 0.0100 0.0180 240 

Los Alamos Canyon at los Alamos 7118 F CS 

-~.4?-~.N~~--g~!:!Y~--~t!::~~-A!~~Q~_ !1.1.8 _ Uf __ g_§ _____ r 
Los Alamos Cany_~ __ i!!_los Alamos ....... ---+- 7/18 UF TOTG_ ~ .... 
Los Alamos Canyon at los Alamos ' 7/18 UF CS ! 

2~:~. ~~~ ~:~ ~;,~------- 0.94 0.67 < 0.0100 9800 
..... ·---- ---- ... - .. - ,-- . ......... .... 0.1300 -----~ ---+ --· 

32000 

los Alamos Canyon at Los Alamos 7119 UF CS i 35000 

-~--~~~-~~~" ~H~-~-~-~~ _ _?'11~JW ~cs _ 
Los Alamos Ca~ at Los Alamos 9112 F CS 

-~6()_0() 
1o.!i- 3.1i" 85- 1. ias· 

Los Alamos CanY()fl_at los Alamos 9/12 F CS 346 

!::Q~-~~~--9~~_yQ!1J~t!::~--~~mos ~(1.~_f._ .. P~P 
'""os Alamos Canyon at_LQS __ Aiamos 9112 UF CS 
LOSAiamosCanyon-8tloSAtamos --- 9/12 UF DUP 

9J14 ___ 000-- .< .. o,cl_~_(l,(lo~2~---
350

.. --~-=----= 32ol 2.0 
< 0.0028 < 0.0028 

<_ O.OQg~------ < .. Q~99.?..~--

DP Ca...ID'Qn_below Meadow at TA-21 10/23 F CS __§() 
66 

302 
=~9(_:_ 

Q~J~~~Yf?.~ Qe!~- M~-~9-~~~ J~:?1 1 01-?~ __ t=:... . R~P __ _ 
~-G_~~~l~-M_~.?~OW at TA-~1___ . __ ,_ _ _!_Q_~~_§_ ___ _ o.23 -0.12- < ·o-:~.X>-28 · · <---ii0028~ · -··· ··· io 
DP Canyon below Meadow at TA-21 10127 F CS 

--.--,-9-- ----------· -· .. ··- ·---

g~--2:~;: :: ~~: -- ---~~ ~~ g; -------- --------------- -------- ---------.---,---------- -~----~~~: ---- .. 
DP Canyon at Mouth 10112 UF OUP 3550' 

_R~ __ 9_~~Y~.?.I.~M~!tl- 10112 ... Y.f ___ G§_ __ ______ __ -------+ _ _!_I~Q!t, 

DP Canyon at Mouth 10112. UF DUP 4300 

OP Canyon at Mouth 10/23 F CS 66 

P..P.. Gf:!nY® !!!_M~-- - . ..1.9/?.;!_f ___ QjJP -------- . . ----- ---- ------- - . ........ ... . ------- -- -~§ 
------'~~ .grcanyo_!!_~-M~---- ····---~~--g_~--- -----------· 5.9·----~-- ····-·· ----------·--··· 0.40 ___ _Q,ill!__< 0.00~-- ..... ~9.002_8 ________ _ 

g~--~:~~;_;~~~:- ;~~~-~-~ -~~-p O.I_____ g,~-~ __ -~~~-- < < 0.0028 < 0.0028 ---------- ~ 
P~-.9~~YQ!J_@.t~J!U.1t!_ . :. _ __1_Ql~_I __ E_ _ _g§_ _ _____ _1!M __ _ ------

OP Canyon at Mouth 10/27 F OUP 92 

DP CaQyon at Mouth 10127 UF CS 9.0 
DP Canyonli!MQill!l ____________ _1_Q/2l_l!~ _[)!,IP_ ~--
OP Canyon at Mouth 10/27 UF CS 
OP Canyon at Mouth 10/27 UF OUP 
Q~ _pa~y!>fl ~tMQuth ____ __ __ _ 1_0/~_7 llf IBP 
1Q~]\i"S~::__~~y~):.~-~-10S Ali~g~ ---=-~=---~ ~ i.Jf. _G§.: ·u 11& ii.ii --~,Q_ 
los Alamos Canyon near los Alamos 6/2 UF CS 

~~--~~~~G.~!!YQ!I~!I!_l,9~ .. ~~~--- ... _§@_f ____ ~_ .. ~sA. 6.8 12.0 1?,0_ 
los Alamos C_!l_!t~_'!_ear los Ala~Q~ .. _ ______§@JJ.E_ __ Q§: .... 
los Alamos Canvon near los Alamos 6/3 UF CS 

--oo:o--s:s i5:012:-o ____ _ 
.l~-~~~-G~-~-~~~--N~-~-- . ..?!.~.J,.If_._G~--- _410,0. 23,0 __ 32,0 __ !3.Q 

!-~--~~-Q!l.!!YQ!!..!!~.~r..~~-~~!!19~- _ __L~---~_Q~_p_- ~Q!l.O __ :1;1,~- _31,6. 12.8 
los Alamos canyon near Los Alamos 7/9 UF TOTe 
los Alamos Canyon near Los Alamos 719 F CS 41.0 6.1 14.0 9.4 

~~-~~~--~n~ . .Q~~[_!,,~_~f:l~~.. 7~ _ UF . G~ ... 
los Alamos Canyon near Los Alamos 10117 UF CS 
los Alamos Clffi}'Q!!_near los Alamos 10/17 UF OUP 

~~~--~@.~~!1~~--~~~r-~~-!Y_@.~ 10111. ~.f q; --- -----

Los Alamos Canvon near los Alamos 10/17 UF DUP 

< 0.0028 < 0.0028 4150 94 

-~~~~-----

_jl,~~- 0.34 .. < .Q.0.1_9Q ________ _ 

5890 
- 611Q.__ __ ---

8800 
- i300ii" --------

1900 __ _ 
3._7_0 ___ <_0.05--- < o:01_oo _____ (i.ci280 _________ 2300- ·· ··-----

- ------"-~~9+ ...... J_._QQ_ - ~_0.0109_ 1~_9Q __ 
<_ O,QJ.@_ __H!!.Q9~---

0.0700 

12000 
_1_6fui 
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1670 
1iio 
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Table B-1. (Cont.) 
T otar--- Cond· 

Alkalinit uctance 
Station name Date ~~~~-~--~~Q_L Ca ~ K Na Cl 504 C03 Aikalinity y 4-P 3-N CN (a!D!lDl __ . _g_~{TQJ~I..,) ________________ ~------- __ ~~ ___ -~-abp_tf" __ ~~Cf'!\l_ 

Result Result Resul!__ __ ~sult ~~~- Svm Result Result Result Result Svm Result Svm Result Sym Result Sym Result Sym Res
1
u
7
tt
90 

Result Result 1 Result Result 
~~ -~~~~--9~!:1-YQ!} __ Q~~[_!::Q~--~~~Q~-- ___ ____ 10/17 _L!F .I8_E_ __ _ 
1,QS Al~~-g~!!YQ!'!_~~~!:_!::~.-~!!~9_s ____ _1_0123 _E_ __ .Y.~ 
los Alamos Canyon near Los Alamos 10123 F CS 

:·4-:i( itL 1 ..... 29-1.0. <. 
io2 
110 l,~-~~~-~~~YQfl __ !:l~r-~~--~~~g-~_ _ 19!.?.~. F .... Q~e_ _ _l__ __ 

l,~-~¥!~.9:'.!IY-2!! n~~-1P.!i .. ~~~- 10/23 UF CS 6.5 
los Alamos Ca~ near Los Alamos 10/23 UF DUP 

<---o~oo-2a-­
·-;.;:-··o.oo2e- ___ :~:~~ ---=-=~=:___ ~~:=-- 821 

l~ ~~~~ ~!!Y2!! __ Q~a~.!::~ ~f:lf!l~~ _ _ _ 10/23 UF CS 
~~-~~~i:g~[l.i.?.'1 .. ~~.bQ~:A[t:!~~~-=~fiJF .. R.~P- .. -
los Alamos Canyon near Los Alamos 10127 F CS 49 f 2.6 1.9 < 

~~-~~~~-~_I}Y.Q!!_~~~JoQ!.~~P~ ............ ~Q~2.!_\.!F ~~---~-- <_ ~'-QQg_l:}_ 
1_os Alamos Ca___D~ __ f!~~~os Alamos 10/27 UF DUP 
los Alamos Ca.!!YQ!!_near los Alamos 10/27 UF TRP 

L.~ ~~-~ .. G!'ry.YQ!"!_Q~r:.!::Q~--~~- W~ UF _CS 
!::~ .. ~'!~~--g~~ry_yQ_ri~~.!::~ .. &t:!~. __ jQ~QJ!l~~e-- ···--- __ ...... u 

< 0.0028 
···-~ao:i!C 

Pueblo Canyon near Los Alamos 10/23 F CS .. ~ o . 

).0080 

0.0061 
< -··o:·oo2a·-·-

. ~l!~.~-g~~~~~.!:-.Q.~_~!~r:!!_C?~ .... _ J9!~.~ ... F. . -cs -- -·---··-······- ---~-2~-

.~!:1.~-~_g~!!YP.!_l_!lear.~~.!!!!!~ _ 10123 F OUP -·----·------ --··---·-- 332 

14000 
)51QO. 

3340 
348o--
3eao· 

290 
_29~ .... 

~:=-~-=-~-~;:~t~: .~:;; ].~~~-~~ ~. . <. ~:~~~.. ~:.~~~~ ---------;;c39'-1"'0 ___ _ 
pu~~\~ G.~.~~-.r:!~~!.~Q;t~~-ITI~ 1.Q~!-Uf __ Q_l,Jf' _____ --·- ___ --··-·--- §!~9._ ---···-····-- _ 
Pueblo Canyon near Los Alamos 10/27 UF CS 4110 
PuebloCanvonnearlosAiamos 10127 UF DUP --------------- 4120 

270 ··· ········ ····- -- - ~- -· · --74o·-· 

P.;"""';"~'""-"="=~7-------;-~~0c-''2:----~---'-"""---'""'---"""--""8"'.0 ________________ _9_J6 0.53 < 0.0100 ~~~ 

------ . 90 
100 

~?ll}~i~ C!lnyon near T A-3 1.011_1 UF QUP . . 110 
TA-ss-- 7ii7uY cs --- 25o 

i~:~~ ;~~ ~F ~~ __!!.,.,.o,___,o"'.8'----'1"'.o---'1"'.o ____________ _ 0.14 0.71 < 0.0100 < 0.0100 

i~>.:ss·-- ------ 1oii.uf' cs ····a.s·· o.aa·- o.si! < ·a~oo·2a -- < ... o:·oo2s_ 
TA-55 10/7 UF DUP 0.6 < 0.0028 < 0.0028 
TA-55 10/7 UF CS 

u.u < 0.0028 < 0.0028 

ril=ss ·········· --~------- ··· - - -1oii--uTDUP __________ . __ =-------------------

canada del Buey near TA-46 10/23 UF CS "'"' 
TA-54, MDA-J 819 F CS 

Ti\:54. MDA-J --;8;;19<--C.F_"_-;D"'-u"_P_--'--------,.-,------------------------------------'------=--
TA-54, MDA-J 819 UF CS 18.0 42 
TA-54, MDA·J 819 UF DUP 17.8 
_TA-54.Mo~ 819 uFcs··---·-·- -------·-----·-·---· 
TA-54, MDA-J 7/15 UF CS 
T!I:M.MI?!\:d __ !f15_jJ£S'> __ 18.0_ LO 1.0 1.0 ).09 1.00 
TA-54, MDA-_J 7/15 UF OUP 
TA-54. MDA-J 7111 UF CS 
TA-54, MDA:J 7/17 l/F CS 
TA:s.i. MDA:J 10/7-F ~ cs < 0.0100 J.0100 

TA-54, MDA-J 10/7 F DUP 
- - 0.10 .. TA,54, MDA-J_ 10/7 UF CS 

fA-54.M6A-J .. 1011-UF oU?~-- 0_,5~- 0.81 :: ... Q.-00-?~ ... < 0.0028~ .... 

TA-54. MDA-J 10/7 UF CS 
I!\:M...t.1_Q!\c}~-- ____ _!Qll'JiF_QIJP 
TA-54, MDA·G-6 7129 F CS 

. -----14:2--
TA-54. MDA-G-6 7129 F CS 
TA-M.MI?.!\:G-6__ ----· 7@_1' .Q!JL. __ _ .. 

28 
28 

~3 
94 

_34 

li~:~: ~~~:~ ;;~: ~~ ~~ 31.5 1 03 0.47 ~~ 306--l 

TI\:M,M!l!l:~- SJl)_F __ <;§_____ ___ ____ _ ____________ ...• .. . . . ................... .. 161_ ...... . 
TA-54, MDA·G-6 819 UF CS < 0.0028 0.0031 6230 22iilil 

~~:E:H~i:~---- ---- ID~ ~qr 7.9 ----- - < 

0002

~ _ 0.003S §SSO_ 1 TA-54 MDA-G-6 ID18 F . CS 210 
TA-54. MDA·G-6 8/18 F o(ji ~ 205 
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Table B-1. (Cont.) 

Station name ________ ._oa ... t.,_e_ Codesb ,R!~~ Res~ Mg 
ReSult 
~-

K Na 

10/11 F CS 
· ioiii -" oup 

10/11 F CS 
io111 F. ouP 
10/11 F TRP 
10/11 UF CS 
iili11-DF -oufi 
10/11 UF TRP 
iili11.t.iF-CS 
i0/11 UF DUP 
7/29 F CS 
ii29LiF CS 
7/29 UF DUP 
71291' · ·cs 
7i29DF~ 
8/9 UF CS 

- 8i9 ui' ·ouP 

5.4 

7.8 
_20_ 35,9_ 7.7_ 11,L 32_ 

Total - Cond-
Aikalinit uctance Cl C03 Alkalinity y 4-P rN CN (amen) CN(TOTAL) TSSd Lab pW (uS/em) 

~~suit Re!sutt Result Result Sym Result Sym Result Sym Result Svm Result Svm Result Result Result 
_1_ "" 
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Table B-1. (Cont.) 
·ota 

Alkalinit 

Mg K Na Cl so~ co3 Alkalinity y .-P 

----R_e5-Utt _R~~ult .13~-~!_t : R_~sl!!!_~R~U!~-----=:§ym __ R~l!UJC: R.~~li-=-~es\JJ! __ :=:-13esuJ_t ___ _ 
Codesb Si02 Ca 

··Resutt · Resu-tt 

~~~=rs~~T:;t;Zii =~~ ~F g~ 62.0 10.0 22.0 8".6~~~~~~~~~~~~-~-~-
Starmers Gulch at TA-22 

Stanners Gulch at T A-22 
·s-tanners··GUiCh at TA-22 _____ _ 
J~~: __ ~g~~r_----- -----------
TA-54. MDA-G-1 
TA-54, MDA-G-1 
TA-54, MDA·G-1 10111 F CS 

JA-54.M_QA~----··-------~-- 10111 F _:_c;;_~---
TA-54, MDA-G-1 10/11 F OUP 

~~~~:::~g~; . ~~---~-=i~}j: Q:~:~g~;-
TA-54, MOA-G-1 10/11 UF CS 

TA-54. MDA-G-1 10/11 UF OUP 
T A-54, MDA-G-2 
T A· 54, MOA-G-2 

~~-~_,_MP~~~ 
TA-54_,__M_Q~~ 
TA-54, MOA-G-2-
TA~S.(MoA:.G-2 
TA-54, MDA-G-2 
T A·54, MDA-G-2 
TA-54, MDA-G-2 
TA·54, MDA-G-2 
TA--54-, MDA42 __ _ 
TA~54-.--MDA:G:2-

iA:54:t.loi>.:G:2 
T A·54, MDA-G·2 
T A·54, MDA-G·2 
T A·54, MDA..(;.-3 
TA·54, MOA..(;.-3 
TA.54:--MOA-G.3 
T A-54:--MDA-6=3 
iA=:54,MDi\:G::l 
TA·S4. MoA..G-3 
TA·54, MDA-G-3 
TA-54. MDA-G-3 

~,_!j4_,_Mp~Q-3~-­
TA·54, MDA-G-3 
TA:54:-MoA:G:-3--. 

ri\:54. Moi\:G:3 
TA:54:--MDA43- . 
TA·54, MDA..(;.-3 
TA·54, MOA-G-3 
TA·54, MDA-G-3 
TA·54, MDA--(73 
fi.,~ .... i:)e;~-
TA·54, MDA-G-3 
TA:54-. MDA:.0::3 
TA--54, MDA..(;.-3 
TA·54, MDA-G-3 
TA·54, MDA-G-3 
TA--54, MDA--G-3 
TA:54, MDA43 ___ .. 

y_:54, MDA4J-­
TA:54-.--MQA..(;:5 
TA-54, MDA-G·S 
TA--54, MDA--G-5 
T A· 54, MDA--G.5 
TA·54, MDA--G-5 
rA~54~ MDA.:G:5 T"A-54.--MDA::O:S ___ ... -
tA-:.54.--MoA-=G.-4---

--~ _ _G~Jam~L _ GN(T9Jl~'-:l --~-------- ___ .. __ ~~-~~-------
!5ym __ R~~-~---- ~r~ __ R~~_!!_ ~Y~ .. B-~~~~--- _§ym ___ R~!t -~1!!'! J~~~-lt _ ___._Be~~,~-~ 

2000 
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Table B-1. (Cont.) 

$~~-~-!!~!!!~ 

TA-54,MD,I\,~ 
fi\:54, MilA-G-4 -
TA~; MOA:G:4 
TA.54,"MOA-G4 
TA:M;-MOA~ 
t;A;:.S:fMDA~ 
fA~S.(f,JfOA.:G:.i 
_e~i~9~~YQ~:~:~~:·s~ _f _ 
_e~~-9!~~-~~--&R __ ! ___ _ 
-~~~~-9!1-~~--~-~y~ __ §R __ ! _ 
_E_@i@~g __ ~D~. ~-~~--~~-! 
-~~l@!:tl_Q __ ~n~. ~~~--~8--~--
~@_~g-~_fi.YQfl __ ~~~-~1!_! __________ _ 
-~~8~9-~~Y!?fl __ ~-~~--SR 4 _____ _ 
-~~1<!.~. 9.~f!Y.Qfl __ ~~-~-~~------
-~@l@_~~--~fi~ .. @.~-~--§R __ ~------
-~~l{!r:!!Q__9;1DY!?D..~.~~--§R __ ~_ 
-~"'~!!!Q __ 9;1_~~--~-!?Q~~--§R __ !_ __ _ 
fl~_li!~t~_91_D~.a~~ §_8_4_ 
f~l~i!i~ -~~.Y.C?.~ ~-~e -~8-~----­
~~la~~ 9i~YQ~ ~-I;K>v~_ ~~ 4_ 
-~i_~~-~~Y9n .. ~.~~--~~-~-
-~~~!i!Q.~~~--~-~-~--§R __ ~---------------
-~£1l~!!!Q._~~Y.!?.~ .. ~.~~--~R--~------
W~!tL~!:IYQf.!.~~~-§R_~1 
W~~~~!:IY.'?.D. ~~-~~--~~H~-~_1_ __ 
~'!~-~r!YQ!:l .. ~t?.Q.~~-.§B_~_1 
w~~-~!:I.YQ!:l.~!?gy_~ :;;_~-~Q1 
_W~~~-~r!YQ!1.~~ ~R-~_1__ 
_W~r..~r!YQ!1.~~x~ §_8..~L-
.W~L~!!YQ!!_~~~ .. §B- §9_1___ __ _ 
_W~_r_9I.QYQ!!_~~!_§R ?91 _____ _ 
w~~~~!:l~_'!_!l~~--$..~ ?.Q1 
~~~~-~!!¥9_~~~--~-~-§9.1 ... 
Canon del Valle above SR 501 
canon·c;ei Vai·re Soove -s·R--501 
canon ·c,ei ,iai~e-at»>vesR-so1 
-c~Jnon·dei\~'aiie--abOve-s-Rso1---
-cl;inon·dei-vaiie--aooVe-sR-so1----
·canon d&i\tSiie-abOve-sR--50, 
cane·.; -CJetvawe-at>Ove SR--501 
canon-e~etvane-·abOve sR so1· 
canon-deiVaiJe--atX;ve SR so1· ··· 
ca;,on-dei-v-at·~e-·abOve sR ·5o1 ·· 
:~::~~~:-~::~~ .. f:· ---.--·--·· 
_W~~_Q_@!!YQf!_~!. SR ~-- ... 
W~~~__g_~!!YQQ_at ~R .. ~ 
W~!~-~!lyg!}.~~- ~8--~-­
~~~-~!!YQ!.t ~L~R--~­
W_~~!!~--~!!~--~~_L -
w~~--~n¥Q!!_,t§!!_4_ __ _ 
_w~~r .. ~~-~t§B_.! __ _ 
_ w~r .. ~f!YQ!}_,t§R_~------­
w~~-~nYQ!:I_I!t§R __ ~----­
W~!~[-~!.l.YQrl_ ~t_§_f3._~_ 
!~-~--9!~Y.Q!!_~-~~~---- -
W~~!L~!'YQ!!_~L~-~~--~- _ 
W~!l!'. 9!1_1!YQ!!_~~~8--~ 
W~~r _g_@!}YQ!l_~L~-~~:1 
_W~~~_nyQ£t~!9~~L~B-~ 
w~r__g~!!YQ!J-~-~--§B.~ .. 
W~!~L~~_yon -~~ .~8 .. 4 .. 
W'!t~r-~!l.YQn l;le~ ~R. ~­
W8ief Canvon -beiOW SR 4 

Total 
Alkalinit 

Dale Codes' Si02 Ca Mg K Na Cl $04 C03 Alkalinity y ~·P rN 
J~~S~it . Resu!f--=-~~~~!f ~~~~i( . R~~~!~ ___ _B~~!t =R,~SY~:·- -- S~_ij~~~}L _ _R~~:~! . R~~-~~ : R:Bs~---- ~Yflj= R~~~ij:: : 

10/12 F CS 
10112 -F- ·oiJP 
-10/12F --TRP····. 

--10112UF ··cs·· ·· 
-·-,-o/12" ui' . oui'> 

---ioii2-ui' cs · 
-1oii:(ui' Pl!F 

6128 F CS 
6128-uF ·c:s · 
~~:=:~ ::~~_Ig+_ 

1o124:F· e:s- · 
1-cii24 :1=·· DUP 
ioi24 F" cs ---­

__i9!.?.~J-. :_Q_y~::~~--
10/24 F TRP 
ioi24.0F ·cs 

--10!27.i' i:!l L 
_to~u .. cs_ ___ _ 
_101?7JE __ !)UP 
10/27 UF CS 
1-0/2Y-UF . iiUP 
io/28-ui' ·cs - ·--­
io/28-UF ·ouP 
sn·s-uF ·cs 

- &2ifui' tote· 
aiia·ui' cs ·-ioi23_F'. cs __ _ 

- ioi23-F' ·e:s 
- f&i:fF' ·oup 

-----1012:fuF · cs 
-=--:~~f£: ·§~~···_· ........ ----······· 

-· 10/2~ UF -- -· ... 

-6/28~UF 
. 6/28"01' 
6i2iliii' 

··1oi23""F · 
.... 1rii23-·F 
""1-0iii:t= 
-10123~-uF--

- 1oi23~UF 
,-D/23 -u-,=--·-cs­

- ioi23 ·oi'-oDP 
6128-ui'cs····· 

-- 6i28uf.'-foi'c 
---10127TF---·cs 

}og.i:f' _.pufi 
10/27 F CS 1-0/2Y_F_ ····ouP ----
i0/27-01' . cs- --

··· i0/27-·uF oOfi ·- -
.... 1Qiiftif-· TRP -----­
. iil/28: ui'_cs _ 

1iii2a:u'Foul' . 
ioii8-ui'ffii'-
6i2a'Ufcs-- -
aiia·i' cs-­
aiiauf' cs 
6128-D'Ftorc 
6f.!if0Fcs 

- iw--uF'cs 
-7129 --uF----OiJP 
7129-iJi'cs 
8112-UF- cs 

<:~J~~nL. C::N(!()I~~L__ .... .. _ 
-~@~~-~ .. J •.• _§)'n} __ _R!:!!I!!t __ §YID_J~-~~~-~-

146 
153--

ond­
uctance 

TSS" Lab pH 8 (uS/em) 

§Yil__]{~~-~e-~!t __ R~~iL 

-------===~--::···· ----j~-=--
----~ __ Q,QQ_~~-
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Table B-1. (Cont.) 
Total Cond-

Lstationna~_ 
Alkalinit uctance 

Date Codes~ Si02 Ca Mg K Na Cl so. C03 Alkalinity y 4·P 3-N CN (amen) CN(TOTAU TSS~ Lab pHe (uS/em) 

Result Result Result Result Result ~esult Result Sym Result Result Result Result Sym . Result Svm Result Sym Result Sym Result Sym Result R8sult Result 

l
w ... • •. ' .• "-... ' .... ea ....... ·.·." .. Y'! ...... ".·.be·········'·o·····w·······s· -~.4 ..... __ _ _·81·····!···8···- Uf .. QU~ WaterCan~_belowS~4 _ 8118_UF _GS __ 
~~!~!.~"~~ SR 4_ ~~1~ JJ.E__OUP __ _ 
Water Canyon below SR 4 8/18 UF QUO 

ter Canyon below SR 4 8118 UF ffip 
vSR4 10!23 F 

~---~-- • --.L--- ----
-~~-

4.9 5.0 6.8 <, -~ 

334 
322' 
332 

~ 

1/a_t_~- C~n~J;?~~-.§!3__~ 
--------~? · --- j 

~~~~_r__g~D~ ~!Q~--~~-4 _______ . __ ___ .. . J •• _ _ ____ _ •• • ~Ig__ _ . .. --···· ... . _ _ ___ ... :::. 

~:::~g=~ ~~=~=: ~~:~ 0.06 : g:~;~ ~- ~!~ 2881 

"VaterCanyol}belowSR_L 
54700 

~~~~ c~~Y<m-.~~ !?.8.:4.... . 101?.~ ur:: .. P.~~- . . ~70Q 

!~=~=:~~~~-~:~. ____ ----~~-~~;-~F ~-~~: --- --- ~- 71400-

Water Canyon below SR 4 1 0!27 UF CS 
Water Canvon below SR 4 10/27 UF DUP 

Wat~r~~~!o~-~-~A 1o~r.Yf. TBP 
~=~!~r ·c~m<Qn}~~~--~~ 4 1·9121: ut -cs-
~~!~r..Q.~n~.-~~--~R 4 ··-----··· ....... 10121. u-r: :ouP 
Potri_ll9_~ near White Rock ___ -~ 
Potrillo Cany_Q[l near White Rock 819 .l!f_ 

3.1 
22.0 

19:7~-

----,.8-- .... ~J) ___ <_ 

. -10/..::~ r \.;~ U.l U.<t u.;:, I 

.41! 
< 0.0028 0.0352 

f.l2.. o.44 <. o.oo28 o.oo37 

.Q~~-<---1-~_-
1oi2J .. F CS . . .. ......... • - 194 

__ 1ol23}:._gw..__ ~=---- _____ ... --- ·--- . _______ ... ---· _____ .... __ 3!'Q~ 

11200 
13700, 
13900~ 

934o· 
986o· 

.. 69io 
14009 

1'?'~~===~~~"----~:~"-~~;~~~~~ge"~=-p _9.0 0.58 0.10 < o.0028 < _o"'.o..,o2-,.B,__ _______ O±'.;(-----~ 

10123 UF CS 

~Qt~IIQ_.~ny~-~~_rWhit~--~~--- 1Q~-~Jlf_ DUP 
..... ~!§9_ 

~~Q. Q!!~Y!2n_~_.I ~::;!~ . _ B!HUJ.E cs 73.5__ 
_1~_Q9. 

~ncho Canyon at TA-39 8118 UF DUP 
20600 

~ncho Canyon at TA-39 8118 UF CS 
30000 

~cho Canyon at TA~39 8118 UF DUP 
30200 

10/28 F CS OJI. .1_,:4__ < 1 . _1_~-
170 
19if 
187 

··------

.. io/:28-i' cs 
foi28FOui' .. 
iof.isi' .. = 
10128 UF 1L.Q... < 0.0028 --< 0.0028 2750 .. 57 

t TA-39 10128 UF 

~~~--g~~YQ~-~~ I~::~- . iQ~fU_f : ¢~- .: 
fV!QbQ __ Q!II)Y'?!!_~~-I ~~~~- 1 ~-~ Jlf ___ QY_p __ 

•••• UF ~~ ... 52f 
IAncho Canyon near Bandelier NP 8118 UF 51.6 
IAncho Canyon near Bandelier NP 8/18 UF CS 

lt:~~g:;~6::g:~~:~~::·};i~~- - ... 1~~~r::·:2·¥~-----+•• -----··· -----·----------···-
1\nchoCanyot"!nearBandelierNP 10123 UF CS 12.4 0.4 1.1 < _j_ 22 ------o.55~--- -~-0.14"" < 0.0028--<· 0.0028 

~cho Canyon near Bandelier NP 10!23 UF 
~cho Canyon near Bandelier NP 10123 UF 

Vl~9.G!!!)YQ!!_~r_!lat"~~l!~r.~.E 19a3 l!_F_ 
~~~--~~~-~~~~f~~( . -~-.. JP 
!W:ho Canyon near Bandelier NP 10128 UF 9.: < 0.0028 0.0036 

IAncho Canyon near Bandelier NP 10128 UF 

~~~!_=::ij!:~~:~-:-~:i~~~:~ - -~~i~~--g~p .. ----- ·---~---------------- ·------····· -------------------··-----···--- .. -

J§L 

138' 
f41-

38 _g~_.....!U.._.1 4:I __ _______?_,_!__ 3.1 __ 3.Q _________ 1 .. -~- __ Q_.Jil._____Qj_!3: •.. ____ Q_j_~------'--- ··----·· ·-------·-· ~'L 
187 

2790 
.. 1900' 
2000 -- ........ 

7420-
861 

1050 
115()()-= 

---
4230 
5300 

4220 
.. 4.1!11L 

2540 
2700 

2a70 
2880...: ---

...1 8 0.18 0.10 < 0.0028 < 0.0028 < 6.99 

~ -- . . ------- ----· . -~- ----------- ----------- - ----- ------ . ~ 7 .. ~ 

53 

45 

_!!~§ 

42. .. ~T · !,6 5.6 ·.6 5.6 6.6_ 3.4. Q&_ <.. L 23()_ o.10 0.4..2_ __ o,o8__ .. 333_ .. 365 

1 Los~rrt~--~f;)~j~ _8131 __ F: OUP ---------'-·· ____ ··-----------. ____ _.. --------· ~- 364 

••---- n----·-•- """ " TRP 
359 

Los Alamos Reservoir 8131 UF CS 
7.2 

Los Alamos Reservoir 8131 UF CS 12.4 l.60 0.02 <- 0.0028 < 0.0028 38.2 7.2 

Los Alamos Reservoir 8/31 UF DUP 12.5 < -0.0028 < 0.0028 
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Table B-1. (Cont.) 
otaf 

Alkali nit 
Cond­

uctance 

s.~~tiOf!_n~me ... - -- -------~--_Q~!~. Codesb Si02 Ca Mg K Na Cl SO, C03 Alkalinity y 4-P 3-N CN (amen) CN(TOTAL) TSS" Lab pH• (uS/an) 
Result Result Result Result Result Result Result ------Sym Result Result Result Result svm-ReSUH --·-svm~utt .. ·gym·-REiSUtf Sym. Result --~m Result Result Result . 

Rendija Canyon at 3!:d Crossing 7/17 F -·O:C"'S~~~~~~36;c·;c0~-;,6;;'.0;c----ic10"'.0;c----'2;c-.O;c-~-,~~~~~~~~~~~~~~o;;-~~~=~~~~~~~~~~~~~~~~~-~-~~-~~-j 
_8~nQij~_9!_rtYQn_!'!t~-~--G~!rt9_ ZL1IJ..IF _ _g_§__ .... . ?~-9 ... _2~.g. . . ~~UL ~JL ---------------------------- . . . ..... ..9--~- . Q,!?Q___ _ _ ________________________ _ 
Rendija Canyon at 3rd Crossing 7/17 UF DUP 300.0 26.0 30.0 4.0 
Guaje Canyon at SR-502 7/9 F CS 51.0 9.0 14.0 4.1 

~~~j~-~~!1~--~-L§R_~§Q?_ _ ?l~L~_t_ __ G~ s~Q,R~ 39.0 ~-~ 3~J,_ _ L-~---- __ ---------~ _ _ 9~ 71 -~-Q~~~-- -~_9_,Q_1_QQ_ --
01760 .G!!~j~_9;1_nY~__l!!_ SR-§Q?_______ ....... Z~.J..IF TOTC ___ ..... ·······--- _______ ---~- .. 

Guaje Canyon at SR-502 719 UF CS 33000 1 
-~~::~~~-:{~:~~~~~----- . ~f.::~---- ~g~_ -~- --~~:-~-- ---~--~~-----16.7 <_ - ~ s70~ 
Guaie Canyon at SR-502 9/8 UF CS 188.0 
Guaie Canyon at SR-502 9/8 UF CS 
Stanner's Gulch above SR 501 10123 F CS 4.7 2.0 
sta;:me(S GUiCh··abOVO .. SFf501---~~---1-0/.f3 ."F ··-cs ·-···· 
Starmer's Gulch above SR 501 10/23 F DUP 
Starmer's Gulch above SR 501 10/23 UF CS 
·stam:;e;;S--(iJICh above SR 5o1· -1-0/23 UF . DUP 

19,4_ 

Starmer's Gulch above SR 501 10/23 UF TRP 
Stanner's Gulch above SR 501 10/23 UF CS 
starrilefs Gu1Ch ·abov·e--SFf501- 10123 ··u·F-OliP 

8.60 

-~-~- < 1 51~~~~~-~-

7.26 
--7.35 

TWOnli!e c~n at sFf501- - --10123 F~--Cs ·:z-:a--- 1.8 4.2 < ·---1- ·· §L 

Twomi~ p_a!)yon ~t~B __ §:Q_1 10123 F _Q_~p_ 

_t~~I~-~-~~y_Qn----=~t§_B __ §:9.1 _1qg~_)__ : cs . 
~--- 1 64 

1 rwomileCa~atSR501 10/23 F OUP 

0.39 < 0.002"8"" 0.0196 

0.10.. < 0.0028 0.0103 
0.10 . . .......... . 

427 
76000 

426, 
436 

6240 274 6260___ .. 
6930, 
F4QI 

---~-~-~---~--

312. 
-314--

8080' 270 JYI()fl'lii<>~"Y""at:>.f'l.@~---·· _ __1()123l)F_CS __ ,.... __ ................ _19,~---·-
I.'!"'9!!.1!!~ .. ~~Y!>[l_!!t_§B_§9_1_~--~--~--~_1Q!.?..~-~f __ Q!,J_p_~---~~~------------

0.1~. . <_Q,o028_ 0.0111 

---·---~------ ... 7_ii)!Q_~ 
-- -~8.15 

Twomile Ca.!}l'Qn at SR 501 10/23 UF CS 
Twomile Canyt>n at SR 501 10/23 UF DUP 

f~i!!ri!Q_~~~!:l_<!t.I~:J~ 9.1.-!!~!".1 -~~-F . cs_ .. 
Pajarito Canyon at TA-18 Culvert 6128 F OUP 

85.0 
84:1" 

10900 
9980' 

14.0 29.0 7.0 

Paiarito Canyon at TA-18 Culvert 6/28 UF CS 
142 - 287--i~o.,_---~~~~~~-~-~~~~-~=-

u.98 0.52 • """" 16000 

P_~j~_rj~ Q~eyQr:t~!.IA·:J!LG!!!Y_~~- . . . ~~~_{J ___ ~_f_ TOTC _ - 877.3_ 81.1 96.2 11.8 - Q,17_l;Q_ __ 

:::~~g:~ra~::~~:~: g~::~ --;::~~"=~~~~~g'"~"P-~~~~~-~~-----~~~~~~~~~~-~~-~------
-~~j~ffiQ_~~m~~n ~tG.~J ____ QJg~J!E __ g_~ -------

~~j~!"_i-~ 9lnyQn ~--G.-1.. ........ _ __ _ _§~g~_ u~ --~-~----- -----------· ____________ _ ___ _ _______________________ _ 
Pajarito Canyon at SR-4 Culvert 6128 F CS 99.0 17.0 32.0 7.8 

~-~~ri!Q ~-~OYQ!L~!.§B:1_9.!!!~!1___ .. ~!:?-~ _9_f __ G§_________ _________ _ _ . .. . ..... 3.70 0.67 -~--- 9.·9-~.QQ 
nr.~'..'!... r~1::g:~-~~~-- .. -----~-{~~TC __ i?4,~ .. !.~:~- ~-L5 11.8 -~-----········----------- ----------~-~~~------·· 

Water Qualify Standardsg 
EPA Primarv Drinking Water Standard ·soo • • •. u 10 
EPA Secondary Drinkil"!g_W_!:!_!~r._§_~-~-~-~!:Q __ ______j_______ ____ _ 250 250 
EPA Heafth Advi~ 1 20 

------------------
u.u052_ ~~=~ ~7;~~~!~-~-~n_d~~-- ___ _L____ 250 600 1.6 10 " ... 

'Except where noted. 

~~~:::tJF~ ~-il~it~~-;_ ~~-~lt~~; __ C:S- -~l!~~o!!:!~r-~inp!~;_ 0_~~--- !~~~t~ry d_':!Pii~-1~;- ~~~-_Ia~~!~ !~~!~te. 'Totat-disSOIVedSOfidS. -- - · -1 ---- -- · · · ··· · · ---- -------

"'fo18fS"lJSjierld8CrSOHas.- -:--·-·· 
•standard units. 
'Less-than symb0r(<fill8ans -measiJremetlt wa-s- beiOW-rtUiiPOCHied iTffiif Of detectiOn Of the anaiYticBI methOd~­ostancra-ras· grven--he·ra· tor companson·oniy,seti APtlerldli A:------------------------------- ----------------------------------------------------- --

0.2000 

_________QdOOO 

~Q_ ______ ··- .• Me~,§=_-__ --
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Table 8-2 Radiochemical Analysis of Runoff Samples for 2000 (pCi/L a) 

~~!ion Name Date Codes' H-3 Sr-90 Cs-137 U-234 U-235.236 U-238 U (uQ/L) 
. _ ____________ _ _ _ __ ___ _Res_ult tJr\C<!rt_~[)A,_Result Uncert_MDA _Sym'_Result Uncert_MDA _R!!sult Uncert _M[)A, ... Result .lJr\<:E!rt ___ M[)A ___ R_.,.ult .. lJile<!rt __ MD_A _R~sult 

LosAiamosCanyonatLosAiamos 6/3 F CS 80 30 190 3.04 0.15 0.29 -0.10 0.73 5.00 1.040 0.053 0.058 0.041 0.008 0.016 1.090 0.055 0.033 3.50 
Los,A.I,.rnosC:,.r\Y()I1_atLosA,I,.rne>s Eif:J_l)f' CS 12()_ 3{) _ _19CL__ 4.3L_ 0"2!. 0.33_ _5,()0_ .9-5!1" _2,3{) _ _1.450 0.065_ 0.048 0.067 0.011 · <J,Q§Z_ 1.580_ 0.070 ().Q41_ 4.48 
!-os Alamos Canyon at Los Alamos 7/18 F CS 4.74 
Los Alamos Canyon at Los Alamos 7/18 UF CS 21.50 
l,()sAiamosC: .. IlY()n ,.t LQSAiarn()S 7/18 UF DUP _ _ . _ _______ __ _ _ __________ ___________ ___ __ _ _ 26.00 
Los Aiamos canvorl ai'Los Alamos ·· 7i1a· F cs · 4 .24- o.43 o.39 ____ -o.oo · 2:60 · 3.oo 2.6o6 · o.ooo o.ooo - o.46o ···· iJ.Ooo · o.orio- - -- - · · ·· - -- -2.000 0.000 0.000 
b<>sl\lalll()sC:ar~v()ll~tb<>sAI"mC>S Wll_F _Ql)P_ ___________ ___ _ . ... . 2.000 o,OQQ o.ooo_ (),~()3_ o.ooo_ o.ooo 1.09() Q,QQQ. 0.000 
LosAiamosCanyonatLosAiamos 7/18 UF CS _ _ 20 55 180 16.80 1.55 0.40 
Los .. Aiamos Cai1Y()n at Los Alamos .... ·-·····- .. ii18-ui='' TOTe··-· - - - - --·"···· ... . -~~=~---"'34"'."'o"o- 3.oa· 16.000 1.000 2.000--0.000 ---~ 18.000 1.000 

LosAI~rTI()s C:"llY()r\ at L()SAI~rn<>s 3~.!lQ 102.00 10.00 ___ 47,()00 3.§00 4.000 0.500 _ ___________ !;2.000 4.000 
ILosAiamosCanyonatlosAiamos .40- 0.36 0.21 . ----1.75---i.!i:i 7.06 0.661--o:too-- 0.101 O.Oi1 o.iiii 0.030- 6.634" 0.097- 0.080. -t.sil 

L()sAianl()sC:"rlve>n_,.LL()sA,I~I!lC>s _3.33~- _0.13 0.24 _ ____ Q,z:JQ __ _QJQ.5 QJ1Q_ o.026 0.02~- _0,!1Q_ _Q,603 Q,Q~3" o.9~~ 

LosAiamos_C:~J1Y()natLosAiamos _____ 2.lJ.I! .... 9 •. ?{) __ ().40 5.42 2.81 .!A.!!. 1.940 _0~~- 0.097 0.072 0.029• 0,!)!11. JZI!9_ .Q.1]1 0.051 2.82 
Los Alamos Cai1Y()n at Los Alamos 
L()s Al~m()sC: .. IlY<>rtb<ll!lViTA·!! §t:l UF . CS 100 30. 190 1.63. _O,Q!l_ _0"33 ~ 0.00 ().35 ;!,§() 3.1!3_Q_Q,_1!;0_ 0.063. 0.360... .0.025_ 0.034 3,4§0_QJ:JlL o.o56 __ 
LosAiamosCanyonbelowTA-2 10/23 UF CS 
[)f'(;anyon~~I()\IIM~"d()',Vat'fA:21 7/25 F CS 
Df'C:anyonbei()\IIM~"dow at TA-21 7/25 UF CS 

1
oP canyon t>eiow Meadow at 1'..\-21 1oi23ui=cs - ---------~~~--~---- -- -----------

[)f'C:"riY<>Ill>eiOINM.,,.cJ.,..,atT.A.-21 10/27·F CS 
DP Canyon below Meadow at TA-21 10127 F -DUP 
DP Canyon below Meadow at TA-21 10127. UF CS 
DPCanyonat Mouth __ 6/2 UF CS 140 30 190 1.08 0.35 1420 1_.23 5.50 3.540 0.145 0.053 0.258 0.022_ 0,018 2.280 0.100 0.038 
oPcanyon a!Mouih ------toTi21.Ji'cs - --- t.o4 o.55 ---s.21 i.9o- -4.-sa- 4.32o-----o:423D.106-o.1t5- o:042 o.o39 -2.7iio---0:292D.133 

.6 .. 94 
0.99 
0.08 
0.67 
1.62 
([6_8 
0.05 
2.05 
~2 

[)PG.,nyon at Mouth 10/23 UF CS _______________ _ ____ _ _ _ 2.62 
IDPCanyorliltMouih- 1cit27:F ·cs 7 0.31 0.48 0.41 1.56 2.19 0.052 0.022 0.075 o.ooo-- 0.009 -0.-065 0.01?' 0.013 0.051 o.o51 DP Canyon at Mouth 10127 F DUP 
DP C:allY<>Il"!.~IJ~tll _ ·--- 10/27 UF CS -29 57 193. .. ___ --------~-------· ........ ··- ... _ _ ____ ____§,_4() 
Los Alamos Canyon near Los Alamos 6/2 UF CS 130 30 190 25.20 1.15 0.42 13.90 0.88 4.30 7.900 0.325 0.110 0.560 0.040 0.092 6.200 0.250 0.087 10.20 
LosAiarn()s(;,llYQrlll"~'l,()sAI~rn()S 6/~E _CS }0 28". 190 ___ ~,§4 _ Q,17_ __ Q.~L- Q,;!O_ . 0_75. !1,;!0. 1-0@_Q,Q53 __ (),()§§ 0,()99 0.'01} 0,052_ 1.120 __ _(),()~_0.066 3,44 
Los Alamos Canyon near Los Alamos 6/3 UF CS 150 30 190 6.80 0.33 0.33 21.80 1.95 6.00 · 2.550 0.108 0.057 0.235 0.021 0.057 2.610 0.110 0.061 6.35 
Los Alamos Canyon near Los Alamos 6/3 UF DUP · 
L_()s_.A.I<!rn()S_ C:"r\Y()n D!' ... .' l,()S Al .. rn()s ----o;7/-,;:9c-F;o---;;C:;--S;-;;-----------
Los Alamos Canyon near Los Alamos 719 F DUP 
LosAiamosC:!InY<>""""'l,()sAI!In10S !trJ.l!f CS -100:----;5c;5c-_ -1:-:90c;o---------~------
LosAiamoolCanyon nearL()sAI!Irnos 719 UF -DUP -90. 55 1W- ----
i.osAiamosca.nVOnnearLosAiamos- 7t9.UF-TOTC · ··· ·· 106.58 26.042 1.731 36.411 

-1.00 1.55 2.60 1.040 0.080 0.023 0.096 0.017 0.018 1.320 0.100 
---~~~~~~1.146-- o.oas · o:oas· o.ost--:D:o15o:o331~34o--o. ioo 

0.026 4.05 
0.006 

68AO 

LosAiamos.Canyo~nearLosAiamos _ 1()/17 UF CS _ _ 10.90 0.63 _ 0.88 4.25 2.10 4.50 _ 0.771 0.096 0.071 0.054 0.021 o:Q21 _ 0.500 0.073 0.082 
jlos AlamO. clmyon near Los~-- -1 ot23-F - cs ---- ----4 n- -----:66-------o.47--t.23 3.33 1.46 ---2.52-- 6.045 0.021 o.o69 o.ooo 1.ooo il~oio--- o:oi5-il.ili1-----o:020 ___ o.o3

1 
Los Alam_()~C:!IIlYQr\r\.,~rb!lSAiamos.. .. _ 1()/23 .1:' _ DUP 
hC>SAI!Irno~(;<lnyonr~e!lrb()sAJ!Irn<>s_ _ J 0/2_~ Uf • C:~ 
Los Alamos Canyon near Los Alamos - 10127 F - CS 

30 

Lo~ A,l!ln1!lsC:!lny()~~~"r_(.()SA,I!11TlQS_ 10/7?..UF . CS -2!! •... 
Los Alamos CarlY()Il near Los Alamos 10127 UF DUP -29 
Pueblo C::~r\Y()~ne!lrL!l~ Alarn<ls .. _ 10@_f_ _ CS 
f'~!I~I()C:!IrtY!l~.~ear_Lo!;_A,Ia_rTI()!;___ 1 0~3 UF ~(;~_ 
Pueblo CanY()n near L,os Alamos 10123 UF DUP 
Pu.,~IQC:!Inyon n""rl,osAI,.mos 1()127 F (;S 
Pueblo Canyon near Los Aiamos 1 ot27 UF cs -89 
Sandia Canyon at TA-3 7/17 UF CS 

~9~ .. 1.!!4. 9.94 129_ o.56~ _____ 18.sQ: 1.99 ..... ~.47. !;J!§Q QAL1: QOllL__§2i4 0042. ().0!;2 5.77tl ()A§~: o.oi9-

.!16. 
56 

56 

1_@_ 1J.2()___ _0,~ 0.54-
191 

1?.00 .2.25. 4.23- 8.72() __ _Q.951 0.312 0.851 0.216 Q,!i11 8"920_ (),!!_6!. __ 0.115. 

10.80 0.52 Q.~~- __!l,Jj_ t.?8 .. 3.~1 1<(.199 •. 1.2~()- :Q,Z_!5f o:sr3~ ~0.1Ko.2o2 -i~:7..QO~T4)o ____ o.3811_ 

.62 0.18 0.54 1.12 0.84 3.10 0.297 0.057 0.102 
195- 5.4o-- -0.31 ·a:ss___ --- 4.43 · 2.o6 322; 1-1.ooo- -i~7so --o.418 

0.013 0.013 0.063 
1.080 o:265 -6.155 

0.276 0.053 0.063 
1i!.ooo-- 1.850- o.s28 

. 2-~.8 
0.22 

1.34 
9.78 

0.87 
~!I~Qil3C:!Iny()~~tJAc~ ___ Z/1]_l)LQ~-- _______ _1()0 __ 5§_ 180 ... 9.1~... 0.12 (),3!1_ _(),Q0 __ 2_,§()_4,QQ ___ 0.760 ___ ().0()0_ (),QQ{) ....... 0.0§4_ __Oc990 __ Q,{)QQ __ Oci!Ei_O ___ 0.000 ().()00_ 
Sandia Canvon at TA-3 7/17 UF DUP 
~ancjia C:!lnYIJn!lt TA-3 _ 10/1? UF C:S 
Sandia Canyon at TA-3-- 10/17 UF .. btiP 
TA-55 7/17 UF CS 

7/17 UF CS 
1ofT "- ·c:s· 

_1.01IE _[)_l)f'_ 
10/7 UF CS 
~-- . ·- -· ·-

10. 55 

-69 47 

()§1_ 0.18 0.58 __ 0"§8. 1.62 5.01 0.058 0.023 0.074 0.017 0.012 0.051 
- · ···· · ·- - - o.os5- o.o18-- o.D15 -o.oo:l- -o.oo1- ·a.oso (),()§_1 

0.042 
Q.()2Q o.Q§L 
0.016 0.041 

0.46 
180_ _Q,OO ___ 0.12 ___ 0AL _____ ~.Q() __ 2,59 .. 4.00. (),;!Q§ Q,()Q9_ (),()()()_ 0.07?. - (),()QQ Q,()()Q_ - 0,2_~6 0.000 (),0()0_ 

4.23 1.53 2.06 

161 
0.000 0.012 0.085 

0.39 0.72 2.69 . - -- ---0.-15 
_Q,Q!;~_ (),031__ QJ4L ..n n1A n n1n n 11A 

0.32 -0.21- 0.69 -·---- 0.53 0.87 3.34 0.15 
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Table B-2. (Cont.) 

StatLo!l_Nam~ _Ql!IE> Codes'_,__ . H-3 ___ ... ~r,90 ___ .. Cs:1_37 .. _ ___ .LJ:234 .. _ l.I:235,2:J6 __ .. ___ __l)-238 __ lJjuiJ/L) 

I Result Uncert MDA Result Uncert MDA Sym' Res~lt Uncert MDA Result Uncert MDA Result Uncert MDA Result Uncert MDA Result 

CanadadeiBueynearTA-46 10123 UF CS 
18.00 

TA-54 MDA-J 8/9 UF CS 
3.21 

TA-54 MDA-J 8/9 UF DUP 
3.33 

TA-54, MDA-L 7/15 UF CS --~~~ 0.21 

TA-54 MDA-L _ 7/17 F CS __ __ _ _ _ _ _ _ __ 0.04 

~Mi)t.:h._. ---~~··- 7ii]'_UF (;~=-===~ ___ .===::::::::= _ --~~==- ---~-- -::.=:::::::-~-- --==- -~~-~====~-]i._i] 
II'.:~,MDA:L_ Ii1Ll.I.F q;__ 110 --55_ 180_ O.Q.t __ 0,12_ 0.40_ 0.00_ 2.0Q_ 3.00_ 0,910_ OCOQO 0.000_ 0.01Q 0.000- 0.000_ 0.059_ 0.000_ Q.(J()()_ 

JJ>.:54, MDA-L 1Q/7 UF C!) -79 51 175 _ . _ __ __ 1 ,tg 1.61 2.21 ............. - - - - - -- - -- .. 

TA,54, MIJA:G:s 7!2_9 F C!)- - --- . 0._21 . 0.10 0.16' 0.25- 0.62 2.24 Q,QS9 o,Q2[ ]ij~1( -ilcoo~ _Q.ooa 0,0~ 
0.023 0.014 O.Q16i 0.009 0.014' 

()J1 
0.054 0.20 o.o21 o:i5i4 

o.047- a:ois-Til-54 Mo.A.:G:S- 'li29F i:iuP - --- . . ---- ---- -- o.094 0.014 ___ .. -

TA-54, MDA-G-6 7/29 UF CS 183 0.75 0.39 0.63 0.00 0.76 2.95 7.770 0.580 0.044 0.365 0.050 0.044 7.920 0.591 0.044 5.37 

TA-54, MDA-G-6 7/29 UF DUP 388 64 182 

TA-54, MDA-G-6 8/18 F CS 0.27 0.20 0.33 0.12 0.93 3.26 0.029 0.025 0.128 0.000 0.013 0.089 0.048 0.022 0.079 0.14 

III'.:~.M[lli:C:H 13/1~ UF __ CS_ 173Q 147 __ _:369 ___ Q,26 OJ]'_ 0,27,_ ]J!S. 1,11<1_ 3,40 ___ Q,584,_0.078. _Q.13Q O.Qg§ O,Qt!l _ ().0_9:2c__ O,§~L 0.082 _Q.())'8 ___ 2.61 

TI'.:§4.M[)I'.:G:§_ fl!181JF_Dt,JP 17.1_0_ .141 ___ :!'19. -- --- _, - -- - ----- -- --- -- ------ : - _2.61 

JA:~.M[)J>.:C3:§_ 10111 F _CS ___ ., ___ 3,34 .. Q,<\6_ O,§Q _o.ss:_ (),62 2,29 __ 0.073_0.026 Q,()!lll ... -0.003 (),()()!!_ Q.Q§3~ ... Q.Q<IL 0.()1!_ ().055 0.11 

TA-54, MDA-G-6 10/11 F DUP 0.045 0.018 0.044 -0.003 0.003 0.045 0.060 0.021 0.056 

fi\:54, r,u)ii:G-6 . toiiiuF -cs 1870 101 2o9- 0.17 il.ia- o.s9 5.70 2.03 3.65- 9.i6o-. 1.140 o:a39 - o:s44- o.22tf --0.246.. -7.650 t1Jt"o- 6.665 2.so 

iii=54.Moil=i3-s toiiiuF'.oDfi ·· --- - · ··········· ··· · io.7oo- t.26o- o:66i-- o.isi- o.ts5 o.978 to.soo 1.26()- o.975- -2.54 

Canada del Buey at White Rock 7/29 F CS - ----0:31 

CanadadeiBueyatWhiteRock 7/29 UF CS -112 52 185 
15.70 

Canada del Buey at White Rock 8/9 UF CS -0.14 0.27 0.46 0.79 0.91 3.25 25.900 2.320 0.414 1.450 0.308 0.415 26.900 2.400 0.522 

Ganada del Buey at White Rock 8/18 F CS 0.30 0.24 0.39 -0.72 0.81 2.70 0.003 0.016 0.101_ -0.022 0.008 0.091 0.036 0.017 0.056 0.07 

Q.~l1acla!lel Bueyat'<YhJ!e_B_o<:is_ ___ . Jli&F ____ DUP __ ______ ___ -~--- . ().8:3__ 0.8_3___1c91. ---~-- __ --------~-----~--

~a<la.!fel Bue_yat White B<J<:.k __ . _8/'I!Ulf _ Cjl___ _ ~9. _1_Q3 .. __ 35.1___ 0.34 _ 0.1 !!_ _ _(),_:JO_ ,0,1_<1_ __ 1.2~19 __ 9.640, __ 0.977 OAflL __ 0.43()_ (),12§__(),286 ___!(L40()_ 1.020 .. _().226.. ~13 

(;aflada g~!ll_~a!WJl~8.acl<___ . fll&l_IF [2l.lf'__ _ ____ 0.8_9 __ 0.2LJl.:Jil. . ______ _ ____ __ __ ----------~~----------· 

(;a~a<la<l~lf:lueyat'/VhjteBQcl< .. . _1()/1Ll.IE .. C:!l ..... _ ... _ _. ___ _ _ __ . ________ , _ . .. . ...... _____ 2.13() 

(;a~adadE>I_Buey at'JVhite R,o_fk __ 1()/23 UE (;S -61 _ 57_ 196____ (),§3_ 0.31 1.03 <\.39 1,8_9_ 3.33 __ 14.400 __ 1,200 (),gQ<I ().942_ 0,1_52_ Q,l-4()__ 14,:2()()_ 1.190 _ 0.140_ .<j.Q1 

Canada del Buey at White Rock 10/28 F CS 
0.11 

Canada del Buey at White Rock 1 0/28 UF CS 
1. 76 

PajaritoCanyonaboveSR501 6/28 F CS 3.42 0.35 0.41 -0.20 2.65 4.50 1.370 _0.155 0,033 0.161 0.046 0.076i 1.320 0.155 0.057 3.74 

1Pajarito Canyon above SR 501 6/28 UF CS -~10~-~6~0~_1~90=---~--~~- ------:;==-------o;c;--;;::c----;c-=;--~-,;-;o;;;;---------,;==----------J 

PajaritoCanyonaboveSR501 6/28 UF TOTC 59.20 4.50 109.00 31.200 2.150 1.982 33.104 

Pajarito(;anyo~ab_ove SR501 9/SF CS · 1.53. O.J4 0.32 2.34 1.93 7,03 0.249 0 .. 046 0.08§ 0.036 0.019 0.066. 0.173 0.040 0.097 _ 0,<13 

Palalito caii_ycinabove SR§Ot · 9/8 I' ouF> - - · · o.94 2:os 7.35 · · _ __ ·· ___ _ .. · · ·· · : - · ·· ·· · -- · . _ ___ --- · 

Pajactt,}-ca~yoii abc;ve~R501 . 9iBIJF -9§ -120 56 198 6.o9 o.s7 0.29 3i.sci 5.93 7:71-- a,ii3o 0.§79 o.t50 Q.g~s Q,o§~ ri.'i?!l 7.!!10 o.67( <it6( --- 12)6 

fiajanto canyciri~i>c,ve sR: sOt -9/§i.JF' ouP -- - - • - - 30.5o 2.s2 ~.()o- - - · ______ --__ · ___ :: ..... _·· ·· .. ·· · · · ·· __ -- · · ··· ·· ·__ _ - · 13.!lQ 

PajanloC;"ariyo~above 5R'56t to/23 t ·c:s -- t,3s (),24. o,7j -o.90 o.so 1.s? .. o.1sY -o,o4( Q,t44 o.ot4. o.ot9 o,1o3 o.134 o.o39" -o.oa9 - 0-<!1 

PajantoCanyonabOveSRS01. 10/Z3_F __ DUP -i.9s· 0.17 0.46- · · ·· - · - · ·· ·· .. - ... · - ·· -

Pajarito Canyon above SR 501 10/23 UF CS -30 57 194 2.93 0.32 0.87 0.00 1.68 3.50 0.408 0.079 0.093 0.000 O.Q16 0.117 0.352 0.074 

Pajarito Canyon above SR 501 10/23 UF DUP 1.87 2.82 3.90 

Pajarito Canyon at TA-22 6/28 F CS 2.42 0.25 0.34 0.30 2.65 '4:40'1:0100:110 o.osa·---o:i48 0.037 0.058 0.790 0.095 

Pajarito Canyon atTA-22 6/28 UF CS 0 60 190 1.10·~-~-- ~=~=,=-==--==J 

P~o9~11YQn_'!t JA-22 _ ___j).@l_ Uf_Qllf' __ --~_so ~_so .. _1!lQ__ -0.30 _ 1 ,35_:_ 2.30_ --------- -~--- .... 

F'!!i'lri1o_{;a_I1YQI1_l!I_TI'.:n_ __ __ 6/28 UF_JQTC _______ . ___ _ __ 13,11___().§'1'_____ ___ ?,1_:20 __ ().3()Q___ -~0.3.8! --~Q9_ 

!)tarmers Gulch atTI'.:22 6/28 F CS ..... . 3.18 0.32 0.36 1.20 2,?() 4.4Q 1.060 O.JJ5 0.052 0,2~() 0.049 0.043 0.950 Q.105 

siaimern-GulctianA-22 - 6128-t.iF cs · -10 6o -190 · · -2.00· 3.oo- 4.90-.. · -- · · · .... _ · -- • - ··· 

starmersGI.Ik:ti atfi\:22 - 6/:Za LJF-l'oic - ... - 15.33- 1.25 --- -. - .. ---- 4.540 6.286 o.st9' 5.037 

TA:54 Ml5il:{;.t -- toiii F- -e:-s . -- . - . --· --- .. -- -- . - . . 

I
TA·54: MDA·G-1 10/11 UF CS -180 57 209 0.59 0.18 0.60 0.68 1.03 3.68 0.364 0.060 0.072 0.043 0.020_ 0.057 0.441 0.068 0.093 

_TA-54_ MDA-G-2 7/29 F CS 0.38 0.16 0.25 0.04 0.64 2.28 0.108 0.025 0.043 0.028 0.012 0.013 0.061 0.018 0.034 

TA-54, MDA·G-2 7/29 F DUP -------

ITA-54, MDA·G-2 7/29 UF CS 303 62 182 1.00 0.22 0.32 0.00 . 0.98 3.76 4.240 0.353 

TA-54. MDA-G-2 8/9 F CS 0.31 0.24 0.39 -0.57 0.82 2.80 0.038 0.024 
r.A::s4:MoA:(3::z-- .... 8/9'F- ·ouf' ---- . ...... --- .. ---- -- .. .. - ... - - o.t4o. o.o48. 

TA-54.-Moii:G-2 8/!fuF ·c:s o 54 -taii' - o.a7 o.29 o.4s -t.a5 - 1.:21 3.86--1Z:4oo- i.:loo 

0.111 0.261 0.052 0.111 
QJQ9 _ :Q,()O!__ ().005. OJll .. 
0.187 -0.006 0.005 0.124 
<l.16~ ··· o.25i···· Jti?7: _o.i?a· 

4.370 
0.079 

·a:oilo 
12.900: 

0.363 . 0.122 
0.034 0.100 
o.o315. OJJ9B -
i.:J40:. o~1~L 

2.95 
(),13 

5.35 

TA:54,MDA,G=2 - 8i9LJF DUP ... - . - . 0.10 0.32 0.53 -0.40- 0.9'( -3.35. 

TA,~,Moii,G-2 tQ/11-F cs -- ___ _ -1.14 _ o.23- o.i2 s2.4o 2.33 2,33 i).oss- o.o:zs- -o.it3 O:ooo o.o11 o.1t4 _ o.Q64 o,Q?!l o.ii:l-- o.2o 

i'A-54 Moii-G.T 1oi11i.ii' ·e:s 864 at· 26? o.78--- o.i7- -o.ss 2.92 1.15 4.25. o~344· o.o76- -o.t38 - O.oti o.ot7. o.o85-- 0.327 -o.o66· o.t24-- . t:61
1 

TA-54, MDA-G-3 7/29 UF CS 
11.10 

~~·54, MDA-G-3 8/9 UF CS 2.11 0.33 0.45 1.18 0.85 3.05 77.700 6.910 0.935 3.360 0.549 1.040 72.900 6.500 0.380 

~-54,MDA-G-3 8/18 F CS O~iJ:21o.:l4~--~1.513.13o:iJ99-0.032 0.109 0.005 0.017 0.109 0.109 0.032 0.087 ~ 

TA-54, MDA·G·3 8/18 F DUP 
TA-54. MDA-G-3 8/18 UF CS 493 371 0.80 0.24 0.36 1.01 3.50 21.100 1.940 0.418 0.819 0.189 0.375 19.400 1.800 0.741 1.16 
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Table B-2. (Cont.) 

U-238 U (uQ/L) 
~~~-- . Result Uncert MDA Result Uncert MDA Sym' Re~ult Uncert MDA ResuH Uncert MDA ResuH .. uncert MDA Ritsult Uncert MDA Result 

~lion Name Date Codes' H-3 ,236 

T~~,_MIJA:§:L_ ________ 1!11~L!:l\JP --~~---··---~--- -----· ~~---- ··--TA,54, MD,4.-G:3 .. 10111 F CS 
1'..\:~MPAcG~~----- ----totti::uf:'cs·· 603-:-----n~. 20.~- o.79_ o:is- 0.58--- ······----- --------·· ------- o.o7t 
TA:54.MDA-G-3 10125 F CS 
TA-54 MDA~-3 10125-UF CS 

ITA-54, MDA-G-3 10128 F CS 0.01 
TA-54, MDA-G-3 10128 F 'DUP 
TA,§4,MPA-<:3c~- . 10/~UF:.S:S --· 2~;1 ___ 65 1_!1_2__ Q.Q~. _ _1).21 ().72 _-1.39 J.11. _3.63_ 0.~3~- _Qjlgl_ 0.084 _ __Q,_OOQ 0.014_ I).JQEi, __ Q,176 0.041l_ 0.0_84. TA,54, MDA-G-5 10/23 F . GS 
i'A:§4,MPA-<:>:C- ~ tQt2~l!F (;i3_ 1!9. ... - s:C 191. . o.83 __ 0-20. _o.54. -:Q.4s::J;(>3: __ M9. 
TA-54, MDA-G-4 ~/15 UF CS -68 133 <!!;.<! 1.09 1.17. 3,73 
TA-54, MDA-G-4 8/15 UF DVP 86 ·1·54·. 510 - -0.63 . 1.10-- 3.7i! ~-54, MDA-G-4 10112 F CS 1.28 0.20 0.59 0.00 1.44 6.05 

o.26'3:__-o...-o5t a.o74 · o.00<1 o.o09 !)))59 
0.03 

0.17.§1 _.Q.O<IL -().05~. :~:_ ~37' 
1.15 
1.16 

0.089 0.025 0.055 0.057 0.020 0.044 0.065 0.020 0.016 0.18 TA-54, MDA-G-4 10112 F DUP 
IA§!,MDA-G-4_ _ _ ____ .... _10112JJf __ Q§___ __ -~-0 __ 71 _:1_~2.8.. ___ 0.29 O.E;2_ ... _---.l.QL 0,90 _ _±Q§_ __ (),174 0.038 _ ()_,08_6 -0.010 __ O.OjQ__Q,_QB.I_ ___ 0.220____Q,Q<I:4__ 0.099 __ ___Q}E; 
I.A:§4J_M[)~-Go4 _ ~---- ___ .. ~_112_l)F.lJUP _ 
f>ajl!rit<!Ca~y0~1!!J<>veSR4 6128.f_ .GS 

122 66 211 
------ · · --~~-f!.JO - o.6o -'Q:~s:·--~~_-l).ii[_j75 4.6_o:::·:2.24o. o.1!§, __ 0.o58_ o.253 o.i>4o (),05~: 2.120 o.t7o o.~65 

f'aj,.rito G.I!~Y.<>r11!ll<>\I"SI3 4. 6/28_F JlUP 
Pajarito Canyon above SR 4 6/28. UF CS 

E>.QO 0.55_ (),:!2 
-too·- 55 190 

Pajarito Canyon above SR 4 6/28 UF TOTC 43.90 3.75 15.98 5.320 0.290 0.325 5.454 2.48 Pajarito Canyon above SR 4 . 10124 F CS 1.49 0.21 0.62 < 0.67 0,52 1.92 0.~!;0 0.101 0.()86 0.012 O.Q18 0.109 0.844 0.120 0.141 2.19! 
f'ajarit()Ganygnal>ov_!!_l1134. 1QI24UF __ q; _ .. 2 __ _ ,44_ 0.35_ 1.()~-- < 2.07'. 1.7'4 3.34_ 1-~Q- 0._152_ Q.JO~. 9-9~ ___ (),()32_ ().071. 1-619 0,1!:4_ Q.Q~. 4,64 f'ajarito<::anYQnatx>y~ SR4 10124 UF [)\JP :148 §~ 200 .... . . 1}20 0.146 Q,()6~ 0.079 0.027 0_.024 1,380 0.150 .. 0.082 pajarito <::anyc)r;,.t;gv~~R4 to~Z.T :cl1 · · · .... : - 2.31)_ _oj_9 6.~1 -a.fs:--Q.r§_ 2.s9 o.a55 o.o9z:· (),0<1_8 o.il32 o,()17'_ o:Q6o _6.-.9.§a~ ~6.10jl~ ~ o:or8:__ ~.63 £'ajariloGI!!lYOnl!bQY .. §.I3:4 __ _1()/27 Uf'.C::$ _-58 §6_ _11):1_ _2._28. _0.27_ Q.ll() 0.72. Q,!l8 3.11 __ 2,12()_ 0.216. Q,106 0.128_ 0,()37_ ().027 ___ ~,()60 Q,288 (),()73. 1_1..40 Water Ca.!.'}'on above SR 501 6128 UF CS -40· 55 190 
WaterCanyonaboveSR501 6128 UF TOTC 38.80 3.50 7.30 2.749 0.153 0.338 -~=-~=-----='2."'7~39~~~~~=~-~ WaterCanyonaboveSR501 10123 F CS 5.07 0,55 1.35 1.26 1.48_ __ 1.97 0.336 0.054 0.050 0.020 0.017 0.082 0.234 0.046 0.089 0.75 Water Canyon above SR 501 10/23 UF CS -60 56 193 13.30 0.96 1.59 14.30 2.38 3.48 32.300 3.010 0.790 1.450 0.319 0.691 29.800 2.800 0.143 1.541 
~~~~~~:\'~:~~:~~~;~R~bt ~~~~ ~~--g~F'_- 20 ··so· -1-9o~- . ----- -~~~-- --~~------· -------
C.non-cieivaileaboveSR5o1 ----- 6i28 uf~rorc · ·· · - ·········· 48.2o 4.2o 15~38-- 4.38o o.295- o.2i6-- 4.511 

g=~~~~=:~:::::~~=~:~~ ~;~f~F·g~-- .. 0 57 192 --~~:6~- ~::f 6:~ ~~:i6 ~:;~ ;:~ ~~:~~~ ~:~ ~:~~ g:~~ I~~~ ~:~~ ;~:~~ ~:~~~ ~:~~~ ~:~~~ 
Water Can on at SR 4 6/28 UF TOTC 26.55 0.454 10.791 Water Canyon at SR 4 10127 F CS . 
\\l~te!_g.,~yonat$134 _ IQI??. Uf'_Cll 
VI/alar Ca~y()_nat$!'l4 1Q/2!\.IF DUP .. ... . . . .. . . _ • _____ ... _ . . .. . __ .... . . 

3.06 
§7. _ _ 192 0 12.40 

i:~oo lndloCanYQ~at::>R<! §@.f _(:;S__ 5.01. (),49_ 0.36. -2.10 3.0§, 5.00_ 1,51()_ 0.150 0.057 0.1]§ 0.042 __ O,Q<I~ 1.48() 0,150 0.025. !Indio Canyon at SR 4 6/28 F DUP -0.80 2.80 __ ~4~.7~0 ___ _ 
Indio Canyon at SR 4 6/28 UF CS 190 3.87 
Indio Canyon at SR 4 6128 UF TOTC 30.90 2.25 ~~-=~~~--~9-~94:!'0"-._.o,_.5_,6-'C5'-~=--=-=--=-=-==-----c==-~=o---=-=o---c-=l IWaterCanyonbelowSR4 6128 F CS 5.40 0.55 0.38 0.10 2.70 4.60. 1.500 0.150 0.073 0.124 0.036 0.078 1.290 0.135 0.062 4.131 
W~er(:;_a_~y~J>eJ<:>,.§B'L _6128 F_ .P\.IP__ ____ ________ ··--- ·------- _ ___:QJ_()_ 1.35 1~ 
'(;'ater(;~_nyonbelow§R<I .. ________ . ~@_l).E_C~--~-- _1()()__~§0 ___ 190_____ --~- -~~--- ·----~~--- ------· ________ .-~-- --·--~--------Y;'ater(;anygnl:>el()\'1$1'!:4 .Elf.28__UF :TQI<:: 6?.10 <$.45_ ... _ __ ~1.36_ _ . 18.6_30 _ _1.~~- _ 1.540_ 2Q,58_1 Water Canyon below SR 4 7129 F CS 2.26 0.57 0.80 -0.37 0.89 2.96 3.800 0.309 0.054 0.205 0.038 0.043 4.970 0.393 0.016 WaterCanyonbelowSR4 7129 UF CS -84; 52 184 13.30 1.03 0.31 4.71 1.62 2.58 45.900 3.830 0.154 2.740 0.310 0.155 63.100 5.220 0.122 115.00 WaterCanyonbelowSR4 7129 UF DUP 13.00 1.2] 0.58 2.03' 1.11 2.14 146.00

1 
IWaterGanyonbelowSR4 8112 UF CS 1.09 1.17 4.22 . 7.82 
\\l~ler_C:ai1Y<>.ni!<OI()\'I$13<! ____ lll_l~.f ... ~ _1,Q5_ __ 0]3 ... 0._51 ___ 0.8_:4 __ 2.83 ... O,g!l__Q,Q<I1_ ().12_6 _ _:11,1)()5, !J.Ot_!l __ (),127 . QJ~§_ 0.()37_ I)"JQ_1_ __ (),55 
Y\'!!I~GI!~Y().~i!<OI()\'1$134 _811~.F IQ_\J_f'_ ___ __ _ _ ~- .... . ______ 0.199 __ O.Q<I?. (),Oil§ ___ -O.QQ4 ()._Oj() _ _Q,Q?7 1).192 __ O.Q<IQ _ _I).066 _ 
YI'I!I~!GI!!lYOI'l_l:>ek>\'1$13<1 ~IJll.lJF . . G.$. 22:!____ 0 _3]-1__ 1.01_ _Q,19 0.24 _1Ail, __ 5.15_ 0.359 1)_.068 O.J§§ _ O"QQ9 O.Q11l__ OJ()§ Q,_3.R._ 0.067 0.18:1_ __ 1,42 Water Canyon below SR 4 10123 F CS 0.92 Water Canyon below SR 4 10/23 UF CS 4.37 Water Canyon below SR 4 10123 UF DUP ____ _ 4.47 Water Can on belowSR4 10127 F CS 0.61 0.18 0.52 0.71 0.95 3.06 0.359 0.057 0.086 0.010 0.017 0.099 0.428 0.062 0.061 1.35 Water_Canyon bei.Q\'I .. l>B±.~~-- ....... 10127 U£ .. C_S~~-- ·---~- §~. _ _1~1!,§~ __ ..J>.§L(),?4 ____ 8.62 2.77 3.11 4~JQO 3.940 ().1~___1.8~0. 0.351 __ Q.~?2 ___ ~,6_Q()_ 4.8:JQ____(),1_:JZ___l_!l_ll()_ PotrilloCanyon nearWhiteRock 819 UF ·cs -138 . 50 182 1.91 .. 0.37 0.54 -0.33 0.86 2.92 9.380 0.877 0.366 0.3<14 0.093 0.155 10.300 .. 0.947 0.253 5.83 f>()ii:ni()c;a_~y"",_.~Whif~R<>ck - . t()f?3.f-=Q:l>-... -- ..... --~--------·--- ---~-- -~~---- ...... ·----- • -------- ·----~-- --~ --- -~~~-- 0:07 
Potrillo Canyon near White Rock 10/23 F DUP 
Potrillo Ca11Y9n near White Rock 10/23 UF CS 30 . 57 189 2.37 

3.57 
~~~ ~~;: :: i~:~~ "'t"~;~~":-'~"'~~g~~"-.--------------- 18.50 
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Table B-2. (Cont.) 

Station Name Date Codes' H-3 Sr-90 Cs-137 U-234 U-235,236 U-238 U (uo/L) 

I Result Uncert MDA Resu~ !Jncert MDA Sym' Result 

~nchq_ G~!!Y_Qr!lJ~.!=.I!_ Bande_!L~_r N.E _____ .. __ _______§£_~ .1!L~~ --··· 
Uncert MDA Result Uncert MDA Resu~ Uncert MDA ,Result Uncert MDA Result 

14.40 
... ------15:40 

)\n~ho_c;,.ny<Jnnear !landeli.,rf\11' 8/_1~ l)f . ~l!f> . 
Ancho Canyon near Bandelier NP 10/23 UF CS 

. iii 

,A<lcllQ.~~~Yo''J'ear..lla_~<lelierf'olf' JQ!~B .. l!f -~s ... 
URPerL()sAiamosReservoir 8/31 F cs 0.117 0.~9 0.33 1.16 J.15 4.18 0,~90 Q,Q49 0.070 0.006 0.013 0.079 0.143 0.033 0.061 

uooeri.os-Aiariio8Rese.Voir B/31F ·Dui> - ·· -- · - ··· -- · ---o.Hi5 o.o.\1 -o.o81-- o.o1 
Q.a?·-o 1.16. 1.15 4.18_ __ _Q,~!jO Q,!M9. _O.Q?O __ ().006_ 0.013 0.079·- 9~14~ .. 

17 0.011 0.063. 0.141 

3.06 
Q.4Q 

0 0.013 0.099 0.178 
UpperLosAiamosReservoir 8/31 UF CS 0.92 0.30 0.44 -0.80 1.01 3.44 0.214 0.044 0.110 -O.a·""--"=-<"----"''='----'"-""-'--"""'"--"="----"""'-1 

l)p.l""'.h<J'!..Aiamosf3eservoir: __ __IIL31__1.Jf_J)l)P ___ .. ___ -5! __ _54 __ _1_!1§______________ ________ _ ___ .... ---- ...... ______ ··---··- ____ .... _____ .. ____________ _ 

LosAI,.rno~Resen~0ir ~/31F .. cs . ... . 3.~0. 0.43 0.38 0.00 1.12 4,~3 0.453 0.070 0,122 0.031 0.018 o.072 0.23<1 0.046 O,Q57 Q,BB 

LO.iilamosReservolr am·ui' cs --- 3.63 - 6.41. o.37·- ---0.79. --1~o2 3.57-- a.452 o.a76 a.15i- o.oa2· o.a32~-o.1o9: o.339--CUJ62 o.o97 1:16 

Los Alamos Reservoir 8/31. UF DUP 0.27, 0.97 3.43 1.11 

26.60 ' 
0 4o-- 136 1.95 1.54 2.38 2:9so - ·o295 . 0.101 0.131 0.041 O.Hli- 2.430 0.253 o:oso' 

-60 39 136 

4.50 

0.80 2.96 2.890 0.278 0.069 0.132 0.038 0.087 2.440 0.243 0.025 

2.5o-4:oa· 0.736 . 0.000--0.000- 0.037 o.ooo' -0.000 · o.ooo- o.ooo Ren<lft" C:allYo~ "t3r_cl~r~sin9 7/17_f_ q; ____ _ ___ 
1-~~ o.s~- 2

'
96 --'=-"--"'0'"'0--"69"--"'0·-~1 ,.32"---"'="--==---"="'--"'='"--"'='"----7 

Rendiia Canyon at 3rd Crossino 7/17 F CS 0.45 0.38 0.00· 0.920 

ovv vv •vv 72.on 0 <O non 

_60 S:5 1so 

73.0v 

Guaje CanyonatSR502 7/9 F CS -0.40 1.45 2.40 1.490 0.110 0.022 0.101 0.017' 0.022, 1.960 0.140 0.007 5.89 

~Gan~atSR502 _719 UF CS ... :50 55 190 _ . . .. _ _ ... _ . ' _ 92.70 

gu,.j.;g~ro~iiisR?()~_ ----m-:-tif'::.IQT~---- · --: ,---:::-::=-:--- --:--:::::_:--.J.59.29'::_-_-- J03,()7():----==J!.-~!lii~::~:: 118.436_···::~::=--~:::-

Guaie Canyon at SR 502 9/8 F CS 2 .92 0.18 0.27. 2.44 2.00 7.33 0.937 0.100 0.079 0.023 0.017 0.067 1.040 0.106 0.041 2.48 

Guaje Canyon at SR 502 9/8 UF CS -120 56 198 80.80 9.49 9.19 221.78 14.63 8.50. 136.000 24.800 2.070 3.800 1.140 0.606 134.000 24.300 0.604 10.001 
Starme~s Gulch above SR 501 10/23 F CS 1.47 0.42 1.23 0.04· 0.45 1.57 0.205 0.040 0.058 0.009 0.012 0.067 0.205 0.039 0.017 0.76 

Starme~sGuichabOveSRW1 1cii23'F'--J5t.ip' . - ---- . ------ ... -- -0.16T 0.038 0.094 :O.o1'4 0.007;. o.o81'' 0.214- 6.642' 0:062' ---

Starme~sGulchaboveSR501 10/23 UF CS -61 56 194 12.10 0.77 0.83 17.10 2.32 3.48, 18.700 1.560 0.148· 0.695 0.131 0.148 19.800 1.650 0.148 2.67 

Twon:JijeCanY()~atSR50_1_ ___ ... ___ 1Q/~~~- __________ .. U.Q __ Q,66___1_&0• ,0.78 __ Q~Q. __ 0.067_ .. 0_,042 O~J.:l4__QJJ§!; 0.031 .. 0.089 ___ 0.133 _Q,()_'!_3_ 0.020_ .. __ 0A_2 

T~_n1ile~any<>~!lt§8§Q1 _1Qi23:E __ Dl)P ... . . __ _ _ ___ .. ___ _ ().09§ __ 0.040_ QJ16 O.Q~2:_ 0,01§_ O.O~J _ 0.0.~~ ___ Q,025 Q.OBII_ __ 

TwomileCanY()natSR501 10/23'UF CS -30 56 189 15.10 0.72 0.70 511.00 10.80 4.35 10.300 0.892 0.233 0.446 0.096 0.166· 11.600 0.989 0.282 4.23 

·Pajarito CanY()n at TA-18 Culvert 6/28 F CS 5.40 0.50 0.34 0.10 2.25 3.80 2.280 0.175 0.051 0.182 0.030, 0.028 2.370 0.180 0.028 6.34 

P_~j~6_!9 __ g~QYQD __ ~!_JA:l~ __ Q_~l'{~D..... -~~f!. V._E__ CS ... An .:.n 
4
nn 

Pai!lri!oC:!I~YoD"ti&!~C:yl\<~rt ___ 6f28J.I.Jf.JQTj:_ 
Pajarito Canyon at G-1 6/28' F CS 
Pajarito Canyon at G-1 6/28 UF CS -20 60 190 

51.20 4.35 
f>_ai!l.r:il_<!_~9!' at G-:1 ... ____ 6/28 l)f_IQ_l9 
Paiarito Canyon at SR 4 Culvert 6/28 F CS · ---------6.30- ·o:so· 0.37 

Paiarito Canyon at SR 4 Culvert 6/28 F DUP 

f'al"ritQ.C:!I~YOn!l\..l?R. 4 9YI\<ert ...... 11/:I~_UF _C:S . _ _ _Q_ 60.. __ 1l)O: 

PaJ,ritoC:!Inv<>D !1!l?R.4C~Iver!_ . 6/2~_!lf.TOIC: 

;. ~-:~-::.-::·::::.·::-.... 
DOE DCG for Public Dose 
P.9 .. E:Pri~~iDQ 111'"-~r_fu~_terTI~C::C3 __ 
!Of>e.f'rLill!lr:YRrink_ing ll\l!lt"'-§tllnd!lr.<l_ __ 
EPA Scneenii]Q Level 

2,000,000 
80,000 
2.o.ooo 

3Ef.so: 2~65 

1,000 
40 
J!: 

~s:rr~ _: :..=~ 2-i'A®: J,425 _ _1.15? _ _ - zs.:.1M _ 
1.40 2.80 4.60 2.360 0.185 0.035 0.165 0.032 0.015 2.210 0.175 0.043 

13.47 
-----o:8ii' 

·:la.ii~ 

3,000 
__ _j2Q 

2.60 
12.640 0.630 0.676 13.265 

4-:302.52o o.19o- a.o2s o.2~a:o41ci:o402:4a·o .. o.1s5 --o:~a.37 

1_1,920 _ o:i59s · · o631: 

500 600 
---- 2.0 __ _ ... 2 •L_ 

--------- ----------------------

·······----- ·--------------

600 
_ __ 2 ... 4. 

BOO 
3 0 

_30 

5.000 
NMWQCC Groundwater Limit 
NM'!f9c:(L.;~~~t<>cki'/"t"r:i~9- .. 
Historical Maximum for UF data 

2_Q,()OO,OQQ_ . 2'5 =-4 -2T 170 

Historical Maximum for F data ~ _29.4 3.01 

~::~~~~Q!_:~~~~:nQ~~~:th_~:-~~:~~~--a~~~t:~:~.ih~-fi:~t!~-th~-:~~~!Yti~!_:r~~~~:fh~-i~~n~-JS:!fi~:~~I~~lY~-:~~nt!rig_:~~~~T~iY~iL~~~~~~~~~~nl~:~:~c{itle-fb_!r~ _t~~ili~::aQ~
iYtifj~:t>Ora:t9_~~rr;~a~~ri~:~~~~~~--i!![~IiTI_~_!:Q-:~~t~c~t~!~::~~i~~-- -

b Codes: UF- unfiltered sample; F- Filttered Sample; CS- Customer Sample; DUP -laboratory duplicate; TOTC- Total concentration calculated from laboratory data; TOTC 0- Total concentration calculated from laboratory duplicate 

c Less than symbol ( <) means measurement was below the specified limit of detection of the anytical method 

Q_~tandaJQ!"-~ .. ~ere fQL~mpariso~.9~~--~~~(?'_A_ ________ _ ··-----· 
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Table B-2. (Cont.) 
§t.Jtioll~ITie __ Date~_ Codes' Pu-239 Pu-239,240 Am-241 Gross Alpha Gross Beta Gross Gamma 

Result Uncert MDA .ResultUncertMDA ResUill!ileert MDA Result ·ulieertMDA Result Unceri MDA Result Uncert MDA-Los Alamos Canyon at Los Alamos 6/3- F -cs 0.003 0.003 0.024- 0.011 . 6.604. . 0.024- - . . .. - - . i:? 0.3 1.9 ........ 18.3- 0.9-- 3.0- --- - . --
Los.A.iamos C:anvoll at LosOA.Iamos 6/3 uF cs · -0.006 6.60:3 o.o44 -- 6.194 o.o16 0.012- 13.8" a.? 1.9· 44.8 i.e 2.s 
Los Alamos Canyon at Los Alamos 7/18 F -· CS 
Los Alamos Canyon at Los Alamos 7/18 UF CS I Los Alamos Canyon at Los Alamos 7/18 UF DUP 
L()s AlamosCaf1yonat LosAiamos 7/18 F C:s 0.009 0.000 0.000 0.004 0.000 0.000 0.008. 0.0()0 0.000 . 3.0 0.5 2.0 26.0 2_.0 2.0 

118.0 8.5 -~.a ··1o.5 ___ -3s3:o--ia.s-
324.0 .. 27.5 447.o 29.6 

l.osAiamgs c~,;on~!i:os Alamos 7t18 F-()uf> - o oo9- ii]Joo O:ooo -- o.o04 ~ o.Q()O o.ooo· o.oo8 - o.ooo o.ooo- - ---··· ------~-·· · · -""''---~ Los Alamos Canyon at Los Alamos 7/18- UF- C:::; ..... - - . - . . - -- -
~(,,)",6.1~1Tlo§Qanyon~if:j,s AlaJli(,§ _ ]/_til:uF TQIC (),QQJ 0.000 -1.0()0 ·-· 0.000 1.000 0.000 

0.000 5.000 0.500 i.rioo- o~ooo ·· _746.0 43,5 
3.3 0.5 ().7 21.5 1.6 1.5 

Lo,;,6.laiTI()~(;~nyonat l,()S AlaiTIOS 7/1fll)F TQT(; 0.300 
L0sAtafnOscanvOncitLos.A.tamos- 9/1_2_F "cs-- 0.017. U.UIV v.~l;,) v.uvo u.uuo u.UI;} ~-~ U.;:J V.l .&.1.;} 1.0 1.;} ------1 
Los Alamos Canyon at Los Alamos 9/12 F DUP 

0.010 ·o.oi5 o.o-- -,..- .... ;..,:..- -~--;:;.:-::;.·-;:.- . 

21.8 27.1 16.0 52.4 64.5 32.5 LosAiamosCanyonatLosAiamos 9/12UF CS 0.032 --·- ---- -··- ---- ---- -·- --· ·-- --· -·- ---0.019 0.029 o.·.,o U.U.)~ y.u.£~ 

Los Alamos Canyon at Los Alamos 9/12 UF DUP 
Los Alamos Canyon below TA-2 . . 6/2UF CS 0.080 0.011 0.046 13.500 0.475 0.014 l.oil\lliiTI()<;CallYOI'IJ>E!l<>Y/TI\..?_- -10/2J_UF-Q§ ---- ·------ ··-~--- -------· 

_______ 268.0. _ __19JL __ ?1,Q_ 310.0_~ 11.8___gz,g__ 

DP Canyon below Meadow at TA-21 7/25 F CS 
ol":callyon bf>I(,Y/Meadmv~tTA-21 it2.5. UF c§ 
DP Canyon below Meadow at l'A-21 --10/23 UF- CS 
DP Canyon below Meadow at TA-21 10/27 F CS 
DP Canyon below Meadow at TA-21 10/27 F DUP 
DP Canyon below Meadow at TA-21 10/27 UF CS 
Of' Canyon atM()~th · 6/2 l)f' c;s 0.640 (),()3!5 0.()39 .. 3.300 0,125 Q.026 ............... 328,0 13.3 24,() 403.0 15.0 3_2.0 DPCanyonatMouth 10112-UF ·cs 0.878 0.133 O.OOS-3.7:20 . o.s3i) 0.008--20.700. 1.420 0.069. 14.4 2.1 1.4' 67.4 - 4.8" 2.3 5F>i;anyonatMouth . -----16i23uF-c§ ----·· ----- ····-~------- ----- ----- · · ------ · ----- ·---------·--- ----····· 
til> cari.,;;~~tiJouiil ·· · -1om F · -c§ 0.030 6.612 o.oo9 0.030 o.(l14 6.o31 0.~~ 0.4 16f DP C:ailYon at Moutti- ·· · 10127 F DUP 
DP Canyon at Mouth 1 oi2i"UF . CS 

0.004_ 
0.004. 

0.007 
·o.oo4 

0.044 
o.oii- o.o16 Q:.Qiis o.(}ff 0.069 . i)o1s 6.oo8 

1.3 1.3 2.2 
0,5_ 0.5 16"' 17.5 .. 15 2.7 

--

-----

Los Alamos Canyon near Los __ Aiamos 6/2 UF CS · 0.780 0.043 0.040 10.900 0.400 0.016 570 .. 0 23.8 50.0 930.0 35.0 70.0 I Los Alamos Canyon near Los Alamos 6/3 F CS O.Q18 0.005 0.012 0.015 0.005 0.031 1.9 0.3 1.9 19.1 0.9 2.5 . -Los Alamos Canyon near Los Alamos 6/3 UF CS -~ 0.010 0.025 1.260 0.055 0.025 109.0 4.5 9.7 177.0 6.";.5o---c1c'01-".'.0o-----------t 
Los Al~mos Callv()llnear Losi\lam()s 1)/:liJF Dl)P - .. ....... - . 8LO 3.3 !,6 157.0 5.8 12.0 Los AlamosC:anyon ~ear Los Alamos 7/9 F -C:s- 0.016 . 0.()09. - 6.()28. o.oss o.o1s 0.631 0.021 0.012 0.014 . · · · -- -Los Alamos canyon near Los Alamos. ---- 719-f: ·ouP ---6 001-- o.ooi---o.o26 o:07o--0.0Hl-- 0.623. o.o25-0:013 o:o-17-~ 
LosAiaiTios:C:~nyonn.,llrbosAiaiTios 7/9.UF ·cs - 0.018. i)§10 0.(}32- ··· ·· ·· - -- -- ············ ·· 
Los Aiamos Canyon near Los Alamos - it9- UF . DUP . --· . ' . ---

---

Los Alamos Canyon near Los Alamos 7/9 UF TOTC -~ 24.773 3.257 
i.osAiamosCanyonnearLosAiamos 10/17 i.iFcs-~· 0.167 
Los Alamos Canyon near Los Alamos 10/23 F CS 0.004 0.00? 
b.~P.I.~ITIOS Canyon_,.,ar L()j; ,6.1amos ·_ m j0/23 F ... Pl!f' __ 

0.048 7.370 1.120 
0.028 0~0270:013 

0.048 1.680 0.129 O.Q12 10.3 1.5 1.6 31.2 2.8 3.3 l 
0.036 0.043 0.013 0.024 0.6 0.4 1.1 9.5 1.0 1.9 
---0.051 0.017 0.041 

t_os AI~ITI()<;(;anyonn<!ar LosAiaiTIOS 10/23 UF C§ 0.293 0.039 0.012 2.920 (),195 
L,os Alamos caiwon r..,ari..os Alamos - 16i:iT I= . cs . . - -- .. .. 

OJlH. i:J?Q-(J'}19-:-o.QQ!l139,Q - -. --- ..... --- ... ---- ..... - ·----.4.3.5. A-4 .. 2()!.()_ 63.0_ !l.!l. 
Los Alamos Canyon near Los AlamOS .. - 10127 UF -cs -
l.as,\laiiiosca~von rie~l"i.os Alalllo~ · 1om· uF · ouP 

().362. _§Q45--0.03!j_ 3.610. 0.2_31 0.0~1 3,440- 0.228 __ 0.()?7 _25~7 4.7._ ~.o 39.8 __ g,:J-. ~2.(~ --~-· -

Pueblo Canyon near Los Alamos i 0/23 F . cs 
Pueblo Canyon near Los Alamos 10/23 UF CS 0.210 0.052 0.081 22.800 1.410 0.081 0.748 0.087 0.055 
PuebloCanyonnearLosAiamos 10/23 UF DUP 0.132 0.035 0.068 20.700 1.200 ~0~.06"=8'--~=-~~~-
~ueblo Canyon near Los Alamos 10/27 F cs 0.111 0.030 O.D16 0.169 0.041 · 0.043 0.024 0.009 0.00:;-;9;---~L""2c---:o"".""s--c1'".o~. --:1;-;;0co.2;---~1"".1--;;-2.""4 ________ -l 
~~!'J?Io Canyo_n11ear Los_.~IO!_Jll()§__ __1()/ll_IJf .~ _QJ§L_ 0,()2_! __ 0.02_7__~.100 Jl~836 O.Q1_()_ 0.749 _Q,Q~ 0.027_ :22_.~. 1JL~~9 __ 1_,1)__ 2.4 ___ _ 
Sandia Canyon atT/\:3 .. . 7117. UF CS 
Sandia-Canyon atTA-3 .. 7117-UF.CS 0.013 ().000 O.OQQ o.o22 0.000 ·a.ooo 0.012 o.ooo·o~oo- 3.0 0.5 2.0 17.0 1.5 2.()· §ancliaCanyonatTA:~ it1fi.JF DUP · ·- - .. ···· -- · ·- -- .... · ··· · -- 3.0- o.s· -2.0 i7.o- 1.5 2:() 
sandiaCanyonati'A-3- 10/17.i.JF ·cs o.ooo 1.0·10· 0.012 o.o2i 0.011 o.o12 o.oo9· o.oo6- 0.012 -1.2 o.s 1.4 --- 4:2- 1.a· -2§ 
Sandia Canyon atTA-3 10/17 UF DUP 0.1 0.3 1.1 5.1 0.8 1.9 
TA-55 7/17 UF CS 
TA-55 7/17 UF CS 0.019 0.000 0.000 0.024 0.000 0.000 0.064 0.000 0,000 2.0 V,V LoU ·~ n< ~n "O 1.0 2.0 TA-55 10/7 F CS ·----------
TA~SS .. io/7 F ol.JP 

-~-- o .. !l. -- -- --u.;s u~~- -- ;s,9_ --::-o,6 .. 1--:6. 
0.007 0.011 0.041 0.017 0.012 0.037 0.047 O.Q16 0.039 r.A.~ss-~- ·----- 1011 uF cs- ·-------··---·· o.o04 o.oos-o.o34--~--- -----

i'A-55~ iii/i"UF ouP o.o25 o.oii" 0.026 
1,1 
0.6 

0.4 0.9 
0.4 1.4 

9.9 1.6 1.8 
7.4 --0.9 .... 2.0----

·------
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Table B-2. (Cont.) 
Station Name Date Codes' Pu-238 Pu-239,240 Am-241 Gross Alpha Gross Beta GrossGamma 

cana(ja del_ Bu.,yn.,arTI\::46 1()/23 Uf -CS 
R.,sult _I.Jncert M[)A_ _Ril~lJit _Une<!rt MDA . Result Uncert MDA . Result i.Jn-"ert MD,O._ . Resun_ .. IJncerLMDA g.,~IJit .. IJ~C<!r! . MDA _ 

TA-54. MDA-J .. . - - 8/S UF cs 
---

TA-54. MDA-J 8/9 UF DUP 
TA-54,MDA-L ... ---···· . __ ... 7/15,_t,Jf_&§___ 
IA:fi4,MDI\cl _ _!/_17 F_ _ CS 
TA-54, MDA-L 7/17 UF CS 
TA-54, MDA-L 7/17 UF CS 0.003 0.000 0.000 0.007 0.000 0.000 0.012 0.000 0.000 1.0 0.5 2.0 8.0 -;1-'-':.0.___~20".':-0 ______ _ 

TA-54, MDA-L _10/7 UF CS . 1.0 0.4 1.0 10.8 1.1 2.1 

TA-54, MDA-G-6 _ 7/29 F CS O,Q08 0.006 _ 0.021 0.008 _ 0.009 0.030 0,102 0.022 0.012 1.2 0,5 1,3 5.2. 0.8 _ 1.9 
TA~54. MDA~G=il- . --7!29-F-Dl.Jp- -- ------- ----------_ ---_-_-___ - --- ----- .... ---...... - -. - __ -- .... -- ..... --- -------- --------- ------- .. 

TA-54, MDA:G:a it29-t.iF cs ... 0.15o·--o.o3:2 o.o32- 0.422- o.oio---o:o25 3.980 0:290 0.046 236.0 153.0 11.9 271.0 165.0 -21.9 - I 

TA-54, MDA-G-6 7/29 UF DUP 239.0 182.0 11.1 284.0 181.0 21.0 

TA-54, MD}\-G,.fl 8/18 F CS Q,(l:J§ . Q,G15 0.014 0.005 0.005 0,014 O.Q28 0.010 0.010 . 0.6 0.2. 0.5 5.4 _ 0.§ 1.3 

I.A:~:i,iR..il-=-13-t> 8t18~u.E c::~ o,113: o.o~: <i.0.2i!: li:i!lil: J).q;i( o.o2:Co:oa2:_o.o21~ o,Q-47 14X 3.7 1.2-:-- ~~s~-:- ~i.z_ 1.1: 
TA-54, MDA-G-6 8/18 UF DUP 

ITA-54 MDA-G-6 10/11 F ·cs 0.009 0.008 0.028 Q.024 0.009 0.008 0.023 0.012 0.035 1.1 0.3 0.8 2.6 0.4 1.3 

IAc~QA:Q£ . _ __1Ql11£.. .. Qli.E___ ···--~-.. ---·------.. ----.. ·---·------· ________ ... +------- .... -- __ ---- . ----

TA-§4.MPA:G,.fl 1_Q/1J:UF_(;S _ Q.2Q8 Q,072 ... oJ<\9: 0.4QO ().105_ 0._1!? 0,150 _0.037 O,Q§S 172,Q_ 55.3_ 3,8 19(:3,0_ 47.9 . 5,9 

TA-54, MDA-G-6 10/11 UF . DUP 
Canada del Suey at White Rock 7/29 F CS 
Caiiada del Bu"Y at White Rock 7/29 UF CS 
Canada del Suey at White Rock 8/9 UF CS _ 2.860 0.419 _ 0.049, 0.325 0.061 0,049 0.200 0.064 0.054 71.3 20.0 3.6 _ 90,7 13.2 4.7 

GanaCI.i<J~I~u~y~at w;lil_e_Boc;k -- 8/18_f c§" ------o::-oiJ{--0.604-- - o.o1;f o.oo9- Q,006 o.i)12-:-'Q'.Qt_2 ----o:o_o~:- o.028 - ~- o.:l:-1.6- - 2.iF - o~ -- 1:6 ___ .. ------.. 

Canada del Bu"Y at Whit!>Bock ___m1_8F · DUP - - · -

ICaiiadadeiBueyatWhiteRock 8/18 UF CS -~-~.045 0.152 0.035 0.036 

c;,nada<lE!Lf:NE!Y"t_'<"'hit" B<><:K_ ..... 8118_ LJF' _DUP 

o.o6o o.o3o o.~.~- 8.2 91.3 56.0 18.9 1 

Cai\,.cjacjeiEIIJey .. tiJVhit.,R()(;~ 10/11_UF . C$ 
Canada del Buev at White Rock 10/23 UF CS 2<1!!.o; 1ot.o 0.035 0.308 6.066 0.035 0.137 0.040 o.o72' 194.0 o~ii6- 0.039 90.6 7.7 9.8 

Canada del Suey at White Rock 10/28 F CS 
~ali"<!" del Bu.,yat Wl1lteBQ<:I<__ 1_0/281JL.<::§. ------·----- _ ...... --..... __________ .. _____ ...... ~- ...... 

f'ajaritoc;,.nycm all<JveSR501 6@ F q; Q,005 0.005 Q,Q20 O.OQ9 0.007 O.Q2~ 0.044 0.014 0,035 3.6 0.8 1.9 28-8 . 2.3 2,6 

f'ai,ritCi<::a_nyor>~t>"ve~Riiii1 f3/28 Lif·i::s . ____ ···: - ..... : - - ··· :.- ··· - · - : -- ·· 1~:8_ 2.1: 4.1 122.Q · 8.5 4.9-

Pajanto Canyon above SR 501 6/28 UF TOTC 0.224 0.106 4.400 0.525 1.610 0.375 221.6 27.5 · - 670.0 47.0 -- · I 

PajaritoCanyonaboveSR501 9/8 F CS 0.029 0.011 0.010 0.014 0.008 0.010 0.7 0.3 0.8 11.8 1.0 1.6 

Pajarito Canyon aboveSR 501 _ 9/8 F DUP 0,006· 0.010 · 0.042 0.035 0.015 O,G16 __ ...... --

Pal'irit<lGiny(in aboveSR501 - -9/8 ul'(;~ --- ii,(}79-!:l.o?4---o:041 Toso· Q.163- o.o32 -33.2 · 4D.81o.5 75,( 92,5 3o.o 

PajaritoCanyonaboveSR501 9/S-UF ·ouP - · - ·- ·-- · :i5.1 ---43.7' 1o.3 91.8< 113.0 27.8 

PajaritoCanyonaboveSR501 10/23 F __Q$____ 0.004 _0.004 _ 0.011 0.013 0.007 0.011 0.030 0.011 0.024 0.5 0.4 1.4 10.1· 1.2 2.3 

f'ajllritQ(;any()n_,.~()V<!§>B~QL 1Qi:23 f_ __ DUP 0.004' 0.004 Q,0_12. O~QOQ 1.QOO .. O.Q:J3 . __ . 

PajaritoC .. ~y()n above SR501 10/23 UF C:$ Q.009 0.016 O.Q68 0.174 0.043 _ O,Q6! 0.056 0.016 0.012: 13.,4 3,0 1,El 32.7_' 
Paiaiiici Caffi'9n- above-s'R sii1 1o123 UF ou·P -- · · · - -- - · · · - · · - -

2.9 2.7 

_Q,(lQg___ 0.005 0.008___Q,Q17 0.007 0.008 0.032 0.011 0.022 3.4 0.8 2.3 24.4 2.0 2. 7 -----1 
7.9 1.0 1.9 53.3 3.8 2.3 Paiarito Canyon at TA-22 6/28 F CS 

Pajarito Canyon at TA-22 6/28 UF CS 

f'aJO!rit<l C:"DY()n "tJI\c2.2 _ .. f3@ __ Uf' _[>l.JP 
f'ajafito(:any()natTA:2:! 6/28 UF TQTC 
starffiers Gulcti ai r.b.-i2 6128 ·f.' cs 
Starmers Gulch at TA-22 6/28 UF CS 

o.os3 o.o18 
0.009- o.o69 

7.8 1.0 1.9 56.5 4.0 2.3 
o.694 o.067 o.31:i o.o41 56:5 4.8 - · 164T 5.7 · ··· · 

0.034 o.o:is 6.010 ·a.o2s· o.o:29 o.oia· 0.010 --:i.o· o.Y . 1.9- -:29.Ef 2.4' 2-:-'.'-6·-----~--l 
- 11.7 1.3 2.3 83.0 6.0 3.3 

Starmers Gulch at TA-22 6/28 UF -TOTC - 0.032 0.017 0.932 0.087 0.423 0.051 . -~.1..__- !!.? ___ ... ?28Jl..- 11&.__ -----
TA-s4.MQA-G-(-- -10/11F-CS _________ , ----· ··----· __ ·_·-__ -.. - ---~------- ..... --..... ___ ._-_ •. 

rii:54:MoA-G~1- · ioitt--uF ·cs o:1so o.o37 o.o36 o.o63 o.o2o ·o.o13 o.o3o o.o12 o.o1:2 ... 35.5 5.1 1.s 59.8 3.8 ·1.4 1 
TA-54 MDA-G-2 7/29 F CS -0.010 0.007 0.039 0.003 0.003 0.009 0.027 0.011 0.012 0.8 0.4 1.2 6.1 0.7 1.9 

IA:?4,_M!JA:<3.:L_ 7/?!!.F. D!!_F' .. _o,QQ3 o.QQ~_ o.ooll_ o.017 __ o.oo7 _ Q.Q()Il ().0.§8 !tQ1_(:3 0,02L__ __ . 

TA:54, M[)A::G:2 !129 UF CS 0.524 0.085 0,025 1,360 0.202 0.009 0.695 0.068 Q,012 36.3 _ 13.2 _ 2.1 ,48,0 3.4 ~.Q 

TA-54~MDA-G-2 . 8/9 F 'cs 0.00~- -O,Qo6' O.Oi5 0.611 o,oos' o.o1T o.o~2 0016- 0,613' o.:l 0.4 1.2 4.8 0.9 2.5- --- -

l'A=-54. MoA:-G-:-2 -- 8t9 F --ouP o:oo6-- o.oo6· o.o17 -o.oo4 o.o04 o.045 ·o.o33-- 6.012- o.o-ft · ---- · · · --- --- --

TA-54, MDA-G-2 8/9 UF CS 0.211 0.044 0.034 0.232 0.047 0.050 0.204 0.063 0.050 123.0 71.9 3.1 151.0 34.9 4.3 

TA:54,MDA:G:2 ___ 8/9 UF DUP _ . _ 131.0 57.3 2,5 141,0 26.8 __ 4._3 

l'Ac54. 'Mt5il,c3,2- · 1il/f1-i= ·cs · o,og5 o.o1o o.o23--o.o28 o.o1o o.oo8 o.o2o o.o12 -o:o3T o.1 ·o,3 o.a· -- 3.3 o.s·- 1.4 

rA-54. MbA-G-2 --1oi11-uF cs-- o.o2o--- o.o12 - o.o36 o.o26 o:o11 o:o24. 6.oa1· o.o2o-- o.o1i' -34.8- 3.6-- -1..1' · 41.7 2f 1.:!' 

TA-54 MDA-G-3 7/29 U,_,Fc-'Co'>S'----~=....--~~,.--
TA-54, MDA-G::J _ __ 8/9 UF CS 7.610 1,110 0.051 _ 1.670 0.260 0.019 0.250 0.083 0.167 166.0 53.4 3.8 157.0 20.9 4.7 

TA::.54 .• ~PA:G:3 ___ ---- ... ___ -8ti~TC~- o.Q~~o.()ij"--0:041--0.017 Q:015- 0:052-. Q.Q06_ o:Q.04 o .. o@---~6-j-O:S ~--0~1:3·-------

TA-54 MDA-G-3 8/18 F DUP 0.016 0.008 0.011 0.004 0.004 0.011 0.010 0.014 0.050- .. -- --- . - --

TA-54. MDA-G-3 8/18 UF CS 0.179 0.043 0.081 0.326 0.061 0.048 0.324 0.088 0.149 194.0 69.3 194.0 176.0 54.3 176.0 



lD 
I ...... 
~ 

Table B-2. (Cont.) 

!')tll~()f1Nallle_ Date Codes· 

TA-54, MDA-G-3 8/18 UF DUP 
i'A.~s4.MDA~G-3 10/i(i= -cs __ 
T M>!, J\.1[)A-G,L __1_0L1_1_U.F __ Q§__ 
TA-54, MDA-G-3 10/25 F CS 
TA-54, MDA-G-3 10/25 UF CS 

__ Pu-238 
Result Uncert 

Pu-239,240 
MDA- Resu~ uncerl -MDA 

Am-241 
Result Uncert MDA 

GrossAipha ___ __ Gross !leta . _ Gross Gamma 
Result .. unceit MDA Resuli--uncerl -MbA ···Result i.Jnrert MDA 

192.() __ !13.()_ !>,o ___ 16M_ . ~T 10.1 

0.022 _().011 _ ____Q,_O_gz _ _0_2_41 _ 0.04_!;___ 0.()2L__Q,_2_~-- 0.03§__..QmQ__~L5_ ___ ~_.!1 . _48.5 ~---- 1.5 

TA-~,J\.1[)/>.:G-3 ___ _1Q@_F CS ().000. 1.000 0.024 -0.003 0.006 0.031 __ (),()43 0.01,'3_ (),024_ 0.4_ _())_ 0.9. 3.6 0.! 2.1 
ITA-54, MDA-G-3 10/28 F DUP 
TA-54, MDA-G-3 -- 10/28 UF CS 0.032 0.012. 0.030 0.181 0.026 0.024 0.149 0.026 0.011 12.4 3.1 2.1 TA-54. MDA:G-5 io/231=-·cs -----·· ··-·. - - --- ---- -- - -- -·-- ········ --- 17.9 _1,8 - _2.§_ 

T,A.-54, MDA:G-5 10/23 UF CS 0.023 0.011 0.013 0.080 0.020 0.013 0.035 0.012 0.023 35.9 __ 10.5 1.9 45.9 4.6 2.8 
1
1'A-54;Mi5A-G-4 ----8iisOF-cs· ---- ------- - · -------.. ----- ------- a.-.7-1.10.7 20.1---1.1- 1:6 _________ _ 

Ti~L~g~;i-1- . ;gi1~r g~;-- g:g~~ g-g~~ . ~:g~~ g:g:~ g-~ii-- ~§~~- ~:~~~ -+gi: ~~~~- -~:~ ~::. ~:~_ 
1

~:: 6:~---i:L 1 
IA:~. MDA:C3::4 1()/12 UF CS 0.017 (),()08 (),()()9 0.118 0.026 0.009 1.340 _ 0.105 0.()48 9.2 2.6 1.0 15.4 1.1 1.4 r.A.-54, MDA~-4 - 1oi12 ui= ouP · · - · - · · -- ··· - · · · - - · · · - -
f>ajll_rii()Cany()_Q_aboveSR.j ____________ f3/?8_f__C::S ___ ,_0,001 0,()()4 0.022_ .. 0~022 0.()09_~.024 0.012 0,()30_ 4_.5 __ 02_ 1.4 __ §.()__ 3.2 -~ 
Pajarito Canyon above SR 4 6/28 F D~U.._P _______________________ ~-----~-=~-~c----o-=----o=~---:=c----o-o------~---l Pajarito Canyon above SR 4 6/28 UF CS . 28.8 2.9 4.7 173.0 12.0 4.6 ---
f'ajaritoC::1Jnyonai)()ve_!')R4 6/28_l,Jf __ T_QTC 0.042. ().()17. --------------· 1.1_63. (),094_ .. _ ().466. 0.058_ 71.5.. _5_._2 239.2 13.1 
~aritocanyonaboveSR4 10/24 F cs 0.000 1.010 0.009 0.017 0.008_ 0.009 O.OQ0~~1"'.o'."o":o.__.o'c".'C"034~------------------------I Pajarit()_C:af1YOf1a1J()v_e!')R4 10/24.1Jf.CS _0.011 (),()()l'J: ().03~ (),169_ 0.027 0.033 ().072 __ (),()1§ __ 0,012 

1Pa1anto Canyon above SR 4 10/24 UF DUP . 
;Pajarito Canyon above SR4 10/27 F CS 0.087 0.022 0.011 0,064 0.019 0.029 0.031_ 0.012 0.026 . 2,1 0.7 _ 1.8 12.5 1.3 Pajariio Canyon aiiOv<!sR4-. ----10127-U-F cs ---0~014- . 0.0110:037 0.0960:021 .. o:037o:o52 . ii:-1)170:032 -- - 14.44:7 -"1:2. - -17.6--2.7-
Water Canyon above SR 501 6/28 UF CS 18.4 2.3 4.9 151.0 11.0 

2.5 
2.--3--·-· 

7.9: 
V\lat.,r(;any()f1ab()ve $8,5_QL · _6/~8_UF .T.OTC .. 0.039 __ ().0)1 (),1:140 O.Q6Q __ ... (),594 0.057 __ 46,6. 3,!;: 211.8 ___ _1_1,9_ . _ 

~~~i~~g=~~~~~~~~!:i§1 1§~H: g~p ~:~~ g:~~- ~:~~~ ~:~~~- ~:~~~- ~s~~ ~:m-~:~~ ~:E 33~:~ 43~:~- 1~:~ 5~~:~ L16:L 3~:~ ------=-.... ~ __________ _ 
~o_cjel Valleabov.,sR 501___ _ ___ 6@ UE..~C::.!'> ______ _ _______ _. _. ------~--· __________ 25.0 __ ____1Jl __ 5.7 __ _1~1_.()__ __ 11 p -~ _ .. __ __ Canon del Valle above SR 501 6/28 UF TOTC 0.042 0.020 0.808 0.081 0.311 0.048 118.1 9.5 306.0 16.0 
Canon del Valle above SR 501 10/23 F CS -0.010 0.007 0.048 0.015 0.012 0.038 0.009 -0.007 0.023 0.5 0.4 1.2 9.5 1.1 2.4 cailori<ieiValleat>OvesR501 1ot23 uF cs ·o.3sa· o.111-- o.oas- 2.45o o:331 o.o89 --o.4i2 o:o6o- o:Ofs-- 21io 332:6-19.7 514.o--624.o 29.i--waiercallvcinaisR"4 ·· 6/28 uF .Toi'c- - · - ----- · · · ----- ---- --- ---- · ··· · ---- ---- ··· · · - -- ----
w_.,t.,rc::.anyo,,t§R:'I 10/27 F cs 
Water Canyon at SR 4 10/27 UF CS 
V\lat.,rC::_aQ.Y<Jn~§i'L4_____ _ _ __1Q/_:1J.\JF_!)JJ.f' . --------.. ~------.. ~---------- - --------·· -------- -----lndioCanyonatSR4 6/28·F CS 0.014 0.008 0.021 0.013 0.034 3.0 0.8 2.1 34.6 2.7 2.5 
lf1cli() C::af1yonatSR4 _ 6/28 F J:li,JP _ ---~ __ _ 
lllc:li<JC::_ar1yonat§R4 6/2S.UF cs ___ __ .. _ .. . 13,2_ 1,6 3.2. 1()7,()_ _AI. lndioCanyonatSR4 6/28 UF TOTC 0.044 0.029 1.223 0.127 0.420 0.075 80.2 7.7. 244.2 
\IVat.,_rc::_any()lltJ"-I<lYI!>_R 4 . 6/28 F _ q; ().OOEJ. (),0()_8_ 0.034 0.()25 _ (),()09 0,()09_ Q.022 0.01L (),041 3.1. __ !L8, .. :2.:2. _ _4().~-
Water Canyon below SR 4 6/28 F DUP 
V\lat.,rc::_a!lY()rl_I>!'I<:>YI§R4 _____ §@l_:Uf'_g_§_ ------......... . _______ .. _ _____ 12.6 2.5 __ .....M:_1Z().O ___1_2_.()~~·5 __ _ 
WaterCanyonbelowSR4 6/28 UF TOTC 0.243 0.079 3.220 0.340 0.818 0.158 214.0 21.5 483.0 28.5 
Wa!.,rC::.allvC>nl>!'lo\'V.!'>.R<I ____ 7}2_~E- -~!'> __ o,ou Q.OO_l ___ 0,()_1()_ O.<R~._Q,Q1Q_ ().01Q__Q,Q§:l O,()j§. __ (),()_)?__ 6J.. _1.()__ ~_.4___ 17.6 __ 1& ... _2.9 
Water Caf1Y()f1J>.,Iow Sf34 ' 7/29 UF QS 0.296 0.057 Q,()14 ;2.950 0.434 0.047 4.20() 0.365 0.033 63,3 1.8.5 8-6 121.0 12.1 12.2 WaterCimyonbelowSR4- -- -7129-UF.DliP ·· - -- · · - · ----- ··· · --- - ------- -- -69.il" 21.1· -8:7 148.0- 14.3-- 10.1-
Water Canyon bei()YI§RA !l/1_2 I,Jf _ CS 
WatercanY,ni>elowSR4- 8tia·F ·cs 
~t"r Canyon below SR4 8/18 F DUP 
waier.canyon below-5R_4__ -----atiBui= cs 0.011 0.013 ... 0.050 o.o75 · o.o26 o.o58 · 

1.1 -o..~- iJ:i 1.2 o:? 1.5-- -l 
~~-~0.4 0.3 0.8 6.6 0.9 1.3 

0.033 0.013 0.031 8.3 . --,:g--1.6"" -1~~4~ --~-- ... 

0.010 0.030 0.025 o:015- 0.046" o:oo5"" 6:009' 0.037 0.019 

WaterC::allyonl>!'low SR4 10/23 F CS 
waieri::anymil:>el{iws~ 4- 1o123 IJE~i;s 
·water i::a_i,Y9n below sR 4 1<li23-UF · oui> 

212.0 99,3 9,4_ :39~.() . 1236_:: JQ • .S 

Water_C::ar1Y<Jilll<>I<JINSR4 .... 10t:1!:F CS 0.06~. Q.()2() __ 0.012 _O,Q17_ O.Q()9 _ (),()_12 0.0~2 __ Jl,Q1J_ ().024 _0,6 ...... 0 .. 4 .. _1} 8.1 __ ___1J)_ 2.4 
WaterCanyonbelowSR4 10/27 UF CS 0.064 0.015 0.009 0.465 0.047 0.025 0.211 0.037 0.053 457.0 558.0 18.9 675.0 821.0 39.1 
Potrilloc:_anyonnearWb.i.l"-8Qfi<_ ____ ..... .Jl/9 UF C_S _ 0.017 ___ 0.010 0.03() ___ 0.139 O.Q;l1 0.030 0.1_~0 0.057 0,054 __ 40_l_ _ _L4_._ 2.1 55,_1!_ 7.2 4.0 
P-"'""~===--c-;~~=;-----..,1;-;:0::ot2;;;3c.:Fo--oc2s-;;::: o.9 o.3 o.9 3.4 o.6 1.5 10/23 F DUP 1.6 0.7 0.8 2.8 0.7 1.6 
'-"'"""~=_,_.~'.!!."-"""-"""'-------... -'-1,-~12:"'1 ~~-----'"8"=~---"'g-,~- - ·- -148.() 65.!)-3-_--9- i'ri.o 52.8- 7.3 --- -

1 10/28 UF CS 
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Table B-2. (Cont.) 
Station Name Date Codes' Pu-238 Pu-239,240 Am-241 Gross Alpha Gross Beta Gross Gamma 

Result Uncert MDA Resu~ Uncert MDA 

Ancho Canvon near Bandelier NP S/1BUF 'cif - .. -- -- - . -- --
Result UQcert_NIDA _Result U_11cert M[)_fl._Resuljl,Jncerl _M[)I\_ .. R~"''It_ .U~cert_MDA 

A~g>Q~nyC>Il_D~~r_l3~1lcle.lierNf'_ . W11l .. I.JI' _[)UP_ 
A~c:llo(;~DYODDe~ri3~D<lelieri\IP_ 10123 UF (;S 
Ancho Canyon near Bandelier NP 10/28 UF CS 

0.036 0.012_ Q,Q1_() __ _().0Q4~_0,(106 ___ O.Q2_!L O.OQ1 0.008 _0.035 
l,JppElr_l,Q§_i\l_aiTl()s~e"""'"ir__ _8/31.£__ cs __ --

UpJ19r Los Alamos Reservoir 8/31 F DUP 
Upper Los Alamos Reservoir 8131 UF CS 0.004 0.004 0.011 0.008 0.009 0.031 0.022 0.009 0.010 

l,JppE>f_l,()~i\laiT1_()~Re"erV_(lir . lj/31_l)f' _[)I,Jf'_ _ _ _ _ .... ___ _ . _ .... 

t~; ~:~~= ~=:~~:~ ···-~-.. ~-~;~~ ~F --~~ _ g:~~ ~:~~~ g:~~! g;g~~ g_ .. _,~,.g~g......~g!-C:g~~~~:-. ~~-""-~~~~~~g!-C:g~1~~c....'g'!'-:Z"".-~~;~~--__ -=_-=_-=_-=_-___ -__ -_-_-~------------~-----~~~~------~~ __ -_ -::_-::_-::_-__ --c-~-_~~----l 
l,()~i\I;;!Tl1Q!I8~~erv_oir lli~JJ,JF_DUP ............ _ ......... ...... _ .. _ .. ____ .. --··· _ _ _ .. _____ • - . - _ ---~ --

LosAiamosatSR4Weir 7/21 F CS 0.125 0.027 0.009 0.028 0.011 0.009 0.084 0.019 0.028 5.7 1.1 1.2 33.5 2.4 2.3 

~_AiamQS at SR_4 Weir _____ . _ ___11_21_f.__ QU_f'_ . ~--···--- ·--~~---~---- ~' ~-------------·---------------4 ... ? ___ 0.7______1A_ _ ~7J)_ ....:l,_s_____?j__ .. ~----~-
Los Alamos at SR 4 Weir 7121 UF CS 0.042 0.016 0.031 0.386 0.068 0.031 0.180 0.029 0.034 27.1' 9.5 5.0 69.1 21.5 11.6 

l.osAiamosaisR'4weir 7/21 uf'.I:Jl.Jp o.o62- o.of7 o.IJ<l9 .o 455 o.oi5 <l.o25- 6.179- o:o21 o.oo9 ·······- - - . ... ... . ........ . 

@~:~-:f~§~=---- --ft1H-2~ j----o.DoiO.ooo~.ooo "'Q..3if--o.ooo-"'Q..ooo.o2oo.oooo:ooo~-1.oo.5-----z:o· 19.o 

Rendiia Canyo11_at3rdCrossing_ 7/17 UF CS ' 

1.5 2.0 

R~n<lli!IC:~DYQD~t~r<l C:ro~slng . __ 7/17\Jf pup -·············· .. __ ... _ _ . _ _ ·········--- . __ __ _ _ __ .. ____ . .. _ ..... 

JRendija Canyon at3rd Crossing 7117 UF TOTC . 1.000 0.000 15.000 1.500 2.000 0.000 1054.0 64.0 1249.0 36.0 -l 

Re~cliii!~DY<>~"-t:lr(jQr<Js!liDQ 7117'_]JF_I.9TC:P_j _ .... ____ .. __ _ _c_ _ __ ____ __ ·---

G~aje(;anyo~llt SR 50? 719 F CS ' 0.003 0.005 0.024 0.022 Q,008 0.008 0.038 0.017 0.044 
Guaje cimyon at SR S02 7/9 UF cs -- - . - - - . -- . - . .. - - ---

<?u".ie<:::ll~<>llllt!>Rfi()? ___ .. 7/!l..JJF _TQ'T'C: __ 1,2?8_ _ ........ _ 17.727 __ _ _5.552 ___ _ _ __ .. . 

IGuale Can~on at SR 502 918 F CS 0.004 0.009 0.036 0.015 0.010 0.028 3.3 0.6 0.6 14.9 1.2 1.5 

Gua"ecan onatSR502 918 UF CS 0.354 0.127 0.237 7.630 1.220 0.237 367.0 2230.0 81.2 685.0 4160.0 153.0 

Stanne(sGulchaboveSR501 10/23 F CS 0.008 0.010 0.039 0.025 0.012 0.031 0.020 0.012 0.037 2.9 0.7 0.6 20.1 1.2 1.4 I 
staiTne(sGI.ilct. ai:oOvesR. soi 1oi23-f' DuP - ··· - · - · - ·· ················· -- · · · - - ··· -- - - -

Stanne(s Gulc:ll abo_ye SR 50.1. . .. ~_1_Q123 UE CS ____ Q,?_1_!l_ __ Q.Q'l!l_,_().QZL_3.0]Q__Q,3~.QZL__(I.373 9~9~_().0;'1._W1,0~_7_?_.1~]J _ __2§§.,Q~_109.Q __ 1_Q,?._ __ 

rt~~~~~g:~~~::~~~1p-- ~~~~ = g~p 0.015 Q.()O!! .. ().014 __ 0,(l~5PQj)13 ().()~7 0.~~- __ _(),(l15 __ QQ<I1. __ 3.3 ... Q.8 1.3 21.2_ 1.5 ;z,Q __ 

TYLOITI.il~~_()ll atl:1R_!;Q!__ _____ ~- -~1()/23 Uf_j:§_ ~_Q,Q.IIl___ O,Qg__Q.035 1.()!lQ__Q,1~L..Q..~_(l.473 Qc(I7Q_ O,O:ZL_ 246.()____]_1~Jl _ _1i,~-~,O ___ 542.0_ .....?8...7_ __ 

Paiarito Canyon at TA-18 Culvert 6128 F CS 0.005 0.005 0.020 0.013 0.007 0.009 0.040 0.015 0.030 5.7 0.7 1.3 38.6 2.8 1.8 

jPajaritoCanyonatTA-18Culvert 6/28 UF CS 11.6 4.0 13.0 171.0 13.0 14.0 

pajarit()Ca~OD atTA-18 QuiYE!rt 6/28 UF T()TC Q,197 0.097 __ 3]60 0.430 ____ .. 1.18_0 0.235 . .. 203.0 22.5 593.0 36,0 

Paiariioi::anvonatG-1 · 6/28 F cs o.ois -6.001 ·o:ooa -o.o16 ·a.oo7- -o.o18 ·a.04() -o.o1:l· -6.024 --4.1 -o.7 1.5 47.2 3.4 1.1 

f'_aj~!i\Q_c:;_a~y()~a_tG:1___ . _6@_1)f'_<::S _ _ __ . __ . . .. -~- 16.~. 3.0_ 8.0 __ 18_0.0 13.0 8.2 

Paj11ritoCanyon atG:1 . 6/28_UF JOTC 0,07§ 0.024 ...... .... 0.837 0.091 ...... .. 0.259 0.053 . 48.2 4.9 254.2 14.4 

1Pajari-toi::aiwonatsR4cuiVert 6128 F- cs -0.004- o.oo8 o.ii39 o.016 6.o<l7-- o.oo9 --o.oo9- o.oo7- o.o2·1' 5.6-- o.8 -1.6 -44.5 -3.2 

F'llill~l<l_C:~~Y<l~~~§~1Q~Iy~rt_ .. _§@E__QI,JI'_ . -~ ·- ___ _I.O. _0_,9_ L9. <17',3_ M ... 

Pajarito Canyon at SR 4 Culvert 6/28 UF CS 16.9 2.0 4.1 135.0 9.5 

JPajaritoCanyonatSR4Culvert 6{28 UF TOTC 0.117 0.044 2.250 0.200 0.975 0.131 125.1 11.3 339.0 18.5 

wale( ai.ialitv..Standards' 

1.9 
1.9 
6.1' 

DOE DCG for Public Dose 40 
[)Q_(Qrinkfugll'llll~r§~!~rn[)C:G:_-- ----- ··----~ ----_;1,§---· 

-~3Q_ ~---- ____ 3Q ______ --~-39~----- _1,QQQ_ ·····---·-·. 
1.2 1.2 1.2 40 

EPA Primary Drinking Water Standard 
-- 15-- ..... . 

---1 

------···j 

--1 

)::PA l:1creen!~!IJ.el!.e_l -----~~----­
NMWQCC Groundwater Limit 

-~--~-P---• _ _§Q_ --- ~--------P~~ 

NMWQCC Livestock Watering 
Historical Maximum for UF data 
HisloricaiMaximumic>iF= <laiii 

!1i::XC<3Pt w_here n()te(j,_TtlrE>e CC)I~rn_ns "'~li§ted:Jhe ~"'li~lh~ ~"~ 
b Codes: UF - unfiltered sample; F - Filttered Sample; CS- Custom 

c!,ess ttoll~sy_mbQLl<lrne_.,n_soll~ll.s~~ent-.y_asbE!_Iow th_e __ ~cilie 
9 Standards given here for comparison only, see ApendlX A. ---

1.531 
O.Hi5 

15.778 
0.99 

15.168 .... 3.509' 

15 
64_0,8__ 

27.5 
1,637 
40.0 

623 
499.2 

·------
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Table B-3. Comparison of Radionuclides in Unfiltered Runoff Water Samples for 2000 to Standards 

Sample Lab Qual val/min 
Location Name Date Codes• Analyte Result• Uncert' MDA Units Code• std" min std min std type 
Los,6.1arn.o.s<::anyone~tt,()s Alamo~ _6/3 UF ~C:S GROS§A 13.8 ~ ~ 0.7 1.9 p(:i/l, Q.~2 15 Q 

DOE DCG DOE DCG 

Screening 
Level 

Ratio: 
Result/ 
Scm Lvl 

Los Alamos Canyon at Los Alamos 7/18 UF TOTC GROSSA 118.0 8.5 ~____p_Ci/L 7.87 15 0 30 3.931 Losf\larn()S(:anyonat LosA!amol> 7/18~UF TOT(; J3R_QSSA 32j_,Q ~27,!:i _pCi/L~-- 21.60 1S () 3Q 1Q.80 L()Sf\ICirn()S c:;any()nbel()wTA-~~ . _6/2 Uf'_C::S GRQ§§A . ~- ~61J.O 1Q.8 ~1.0pC::i/l, 1?-!l? 15 0 _3_Q_ 8.~3_ IDP Canyon at Mouth 10/12 UF CS Am-241 20.700 1.420 0.069 pCi/L 0.69 30 ~~~~~~0~~~~~~~-DP Caf1y()n at.Mouth 10/12 UF_ CS GROSSA 14,4_ --~-- .. LL 1-:4_p(;i/L 0.96 15 _Q~ 
D~C::Cinyonat f>AolJttJ 6/2UF CS GROSSA J_~IJ.O ·~ 13.3 _2<\.0 pCi/L~ 21,1!7 15. Q 30 __ 10.93 Los Alamos Canyon near Los Alamos 10/17 UF CS GROSSA 10.3 1.5 1.6 pCi/L 0.69 15 0 
l,()s A1Cirn()s (;anyonnf3arl,.of>Aiamos 10f23l)f' C§ GROS§A 139.0 ~ 43.~~ 4.4p(;i/L __ 9.27 ~~~ 15 0 30 4.63 ILosAiamosCanyonnearLosAiamos 10/27UF CS GROSSA 25.7 4.7. 2.0pCi/L 1.71 15 0 Los Alamos Canyon near Los Alamos 6/2 UF CS GROSSA 570.0 23.8 . 50.0 pCi/L 38.00 15 0 30 19.00 
L.o_s,6.1am()~(;an_y()I1J1.1l?r L_os J\la_rn()S. __ ~ 6/2__ UF C::S~_GROS§~ ~ __ . ~ ~~_,Q_- .35.0 JO.O _p(:i/L~_ ~ -~- Q,9_3_~_1 000 __ 0 ---~- ____ ~-~ LosAiamosCanyonnearLosAiamos 6/3 UF CS GROSSA 109.0 4.5 9.7_pCi/L 7.27 15 0 30 3.63

1 Losl\lamof>CanyonnearL_os Alaf110S 6/3lJF DUP (3ROSSA_ 8_1.0 3.3. ~I-6 pCi/L__ ~AQ~ 1_5 0 30 2.70 
I.Qsf\I<Jrnos(:C1f1YCJ.nnll?~L()_s Alamo~---···· _ __Jf'}_U_f'_TQTC:_...f'li:?_39,2~Q ~ -----~~.773_~ ~-~ .. ~- .. JlQ/_L ~~ ___ _Q.fl3 ~--30_ ·~0-Pueblo Canyon near Los Alamos 10/23 UF CS Pu-239,240 22.80Q 1.410 0.081 _p<::i/1.__,_-~~-- 0.76 30 0 
Puebl()(:any(JJ1ne(lrl,.os AI<Jrnos ~ 1Q/23 Uf'DUP ~ Pu-239,240 20,700 _1.20Q_0.061Jp(:i/L 0.69. 30_ _0 PuebloCanyonnearLosAiamos 10/27 UF CS GROSSA 22.4 4.3 1.8 pCi/L 1.49 15 0 
Pueblo Canyon near Los Alamos 10/27 UF CS Pu-239,240 15.100 0.836 0.010 pCi/L 0.50 30 0 
TA:~.r./IQA-G~§ ___ __ __ ~ 8/18 UF ~s GROS§A ~~ 14.4 __ _3.7__1.2p(:i/l_ .. · Q.96 15 Q_ 

1TA-54, MDA-G-6 10/11 UF CS GROSSA 172.0 55.3 3.8 pCi/L 11.47 15 0 
C_atia~a~f'liBlJE)YaiVIfhite Rgc;k 8/9UF g; . (3ROSSA 71.3 ~0.0_ -~3.6 pC::i/L~ 4,75 _15_ 0 

30 5.73 
30 2.38 Paj<Jrjt()Ca_nyoll f!b()VE)SR_50J ~ __ _1Q/23Uf' CS GRO§SA 13.4_ _ 3.0 ~ UlpC::i/l, Q.89_ 15 0 Pajarito Canyon above SR 501 6/28 UF CS ~ GROSSA Hl.B 2.r 4.1 pCi/L 1.?_5 __ ~_15 ____ . 0 

P_ajarito(:;3nyof1Cib<JV!l§R !)01 6/28 UF TQTC:: (3ROS§A 221.0 27.!) pC~L-~ 1~.?3_ 15_ 0. 30 7.37 ~rita Canyon above SR 501 6/28 UF TOTC GROSSB 670.0 47.0 pCi/L 0.67 1000 0 
Pajarito Canyon atTA-22 6/28 UF CS GROSSA 7.9 1.0 ____1_Jl_pCi/L 0.53 .. _15 ______ -~~-;;-0~~~~~-
E(Ija~!o Ca_r1y()ll_f)t IA_..22 ... . ........ §/28 UF _[)l)f' __ G_R()~A__ ___7,!l ___ 1.Q_~_1.9~JlCi/L _Q-2_2~ __ 1§ __Q__ Pajarito Canyon at TA-22 6/28 UF TOTC GROSSA 56.5 4.8 pCi/L 3.77 15 0 
§tai1TIE)r!l(3ulchf)tTA-22 E)@UF_(:§ (3R_OS§A .. __ 11.7 1.3 2,3pC::i/l, 0.78 J5 0 
St(lr_mers(3ulchatTA::22 . ___ __§/_21J_ll.E__TOT_Q_~(3R_Q§SA~--~ _9_§_,_?_ __ _!l.3____ ___ _pC::i/L_~--- 6,3_13_~~ 1?__ ·~-···· 0 TA-54, MDA-G-1 10/11 UF CS GROSSA 35.5 5.1 1.5 pCi/L 2.37 15 0 TA-54 .. 1'v!QA~C3-2 J0/11_UF CS GRQS§A -~-!l 3_.6 _1.4 pCi/L ... . ~.3_2~ 1~ _o TA-54, MDA-G-3 8/9 UF CS GROSSA 166.0 53.4 3.8_pCi/L 11.07 15 0 
TA-54, MDA-G-3 10/11 UF CS GROSSA 41.5 13.5 0.9 pCi/L 2.n 15 0 

30 

30 
3()-

30 
30 
30 

1.88 

~ 3c1_9_ 
1.18 
1.16 
5.53 
1.38 lA-54,_M[)A-(3-3_ 1Q@,LJf'~C§__ GROSSA ... _g4__ 3_.1 2-Jp(;i/L~~- 0._8~3- _ 15_ ..... Q_ _ TA-54, MDA-G-5 10/23 UF CS GROSSA 35.9 10.5 1.9 pCi/L 2.39 15 0 30 ~ 

TA~54,1',1[),6.-(3_~ . _ 10/J2~l)F (:S GROS~A 9.2_ 2.6 1,Q_pgi/L~ Q.62_ ~ ~ 15 0 
f"aj(lritoC::?ny()nat>ov!l §R_ ~ 10/27 _l)f' C::S (3R_OSSA 14 .4_ ~.'1_ 1,~ p(;i/L ~ 0 ,~E)~ 1§ ~ Q Pajarito Canyon above SR 4 6/28 UF CS GROSSA 28.8 2.9 4. 7 pCi/L 1.92 15 0 
f"aj(lritoC:Cinycmabove_§R_4 f)/2_8UF TQTC:: (;ROSSA 71.5 5,2_ ~~- pC::i/'-~ ~,77 1!5. 0 30 2.38 WaterCanyonaboveSR501 6/28 UF CS GROSSA 18.4 2.3 4.9 pCi/L 1.23 15 0 
Water Cai}Y()I'l a!>_ove SR 501 6/28 UF TOTC GROSSA 46.6 3.5 pCi/L 3.11 15 0 30 1.55 Cation del Valle above SR 501 6/28 UF CS GROSSA 25.0 2.9 5. 7 pCi/L 1.67 15 0 
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Table B-3. (Cont.) 

DOE DCG DOE DCG 

L b Q I 1/ 
. Ratio: 

Sample a ua va min Screening Result I 
Location Name Date Codes" Analyte Result• Uncert' MDA Units Code' std' min std min std type Level ' Scm Lvl 1 
Canon del Valle above SR 501 6/28 UF TOTC GROSSA 118.1 9.5 pCi/L 7.87 15 0 30 3.94 
Water Canyon at SR 4 6/28 UF CS GROSSA 13.2 1.6 3.2 pCi/L 0.88 15 0 

I Water Canyon at SR 4 6/28 UF TOTC GROSSA 80.2 7.7 pCi/L 5.35 15 0 30 2.67 
WaterCanyonbelowSR4 7/29 UF CS GROSSA 63.3 18.5 8.6 pCi/L 4.22 15 0 30 2.11 

IWaterCanyonbelowSR4 7/29 UF DUP GROSSA 69.6 21.1 8.7 pCi/L 4.64 15 0 30 2.32

1 
Water Canyon below SR 4 8/18 UF CS GROSSA 8.3 1.9 1.0 pCi/L 0.55 15 0 
Water Canyon below SR 4 6/28 UF CS GROSSA 12.6 2.5 6.8 pCi/L 0.84 15 0 
Water Canyon below SR 4 6/28 UF TOTC GROSSA 214.0 21.5 pCi/L 14.27 15 0 30 
PotrilloC:<!nyoniJe.Cirvvhite.R()t;k,fiiM _ f3/9UF CS GRO§SA 40,7 ___ 1-1. _ 2JpCill, __ 2.]1_ 15_ Q 30 
Re_n(jiiCIC:aiJYOill!t~rdC:rCJ!I~ng _ 7j17__ UF _IOIC: __ (;RQSSf>. 48Q._Q_ __ ~1).0_ _p(;i/L__ 32.00 _ 15 <l 
Re.n<ltil!C:l!llYO.Il!J!3rd(;rosfiing ?1_1l_l)f TQIC: GRQS§I3 _1054.Q_ 64.0 _p(;i/1__ _ 1,05_ 1000 0 100() 
Re.n<ltil!_Ca_nycm aqrd_<:;r()ssing 7/1]_U_f_TOTC .PIJ:?~!l,24Q . j~OQQ 1.!;()0 p(;i£1..___ 0.50 ___ 3Q _ _() _ 
(31Jaje. Ca11yonat SR 502 [/9UF TOTC: pu~239,240 17.727 p(;i/L ().59 30 0 
f'ajaritoC:CIIlY()D atfA-~18 Culye.rt 6/2fi_Lif TQTC: _GB.()§s_t. ... ?Q3.0 - ~2,§_ -p(;j{L, ... iis3 15 -- -- --a: 30 6.77 
f"<l.ia.rito_CanycJ_n_a!I.A:18_C:1Jiye.rt______ !)/28_l)F TQIC: __ GROSSB _____ 5_!j3,Q ___ 36.0 ___ JlQiL.L__ 0.59 1000 . __ _Q_ 
Pajarito (;any()ll<IIG-1 6/28_l)f C:§ _ GRQ§§./>.__ _ 16.5_ -~,Q __ _!l.QJlC::i/1_ . _ JJO ... 15 Q 

30 1.61 PajaritoCanyonatG-1_~ ___ 6/28 UF !QIC:: _G_RQSSA 48,2__ 4.9 pCi/L 3.21 1§._____ 0 
f'Ei.a_ri!O.C:CI1"1Y<l.I1Cit.§B1C:ulvert __ 6/28UF (;§ _(3RQ§SA ___ ,_ J6.9_ 2.0 4-l:QC:i/L_ 1.1]_ ___ 15 ---- "c) ______ _ 
Paiarito Canyon at SR 4 Culvert 6/28 UF TOTC GROSSA 125.1 11.3 pCi/L 8.34 15 0 30 ~ 

"Codes: UF -unfiltered sample; F -filtered samples; CS- customer 
sample; DUP.- duplicate; TOTC- value calculated from other results; 
TOTCD- duplicate calculated value. 
"Values shown in the results column are >so% of the referenced stii-ncfiircts: Nofafl data are shown: 
'briesfandardcteVliiflonractlOiic:fivity c~unfinguricE!rtiiTrifY: - - --····· ........... _ _ =...:::::.:= __ 
'Codes: B- analyte found inlaE_~Iank; U- analyte not detec.t,e_d_ .. , _ --········ -·············· 

• Values shown in the val/min std column are greater than 50% of 
the minimum standard used for comparison purposes. The minimum 
standard is either the DOE DCG or the New Mexico Livestock 
Watering Standard, which contain applicable radionuclide standards 
for unfiltered stormwater runoff. 

----------
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Table B-4. Comparison of Radionuclides in Filtered Runoff Water Samples for 2000 to Standards 

DOE DCG DOE DCG 

Qual val/min 

Location_fll<lrne -~ample[)ate Co<l~s· AI1<JiylE!.Besult• _Unc~rt~- fi/ID6 _ _j.JI1its _<:;o_<l!l• stde min std __ min_~t~type• 

Screening 
Level 

l,9_s AlamosC:::<Inyon at Los Al<!rn()!;___ ____li18/00_L~_§r-9Q ___ ,4.~L__()A~- 0.39 pc;:_i/_L __ .. __ _Q.53_ ___ !!_EPA £'.131M DWSTI) ___ .. 

[)_P(;anyoll~tMoiJlh _______________ 1.0il7'/0QF CS ____§r-!}0 __ 1,:33_~- _ 0.48 J)Ci/L_ ~2 .. ___ BEP~PRIM [)IJYST[) ___ 10QO_ 

Los Alamos Canyon near Los Alamos 10/23/00 F CS Sr-90 4.60 0.47 1.23 _pCi/L 0.58 8 EPA PRIM DW STD 1000 

TA-54, MDA-G-2 10/11/00 F CS Cs-137 62.40 2.33 2.33 pCi/L 0.52 120 DOE DW DCG 3000 

TA-54, MDA-G-4 1_Q/12/00F .C:S Am-241 _0.863 _ Q.Q74 _Q.O?I) pCi/1., 0.72_ _ _1.2_[)Q~[)W IJC:::<3 30 

TA-§4,11f1D.Ad3-4 10/12/0() f' :PUP Am-241 0.851 0_._076 Q.Q1J pCi/L 0.71 1.2DOE_[)W DCG 30 

E_ajaritoC:<J11Y()I1above SR4 6/~8/QO F CS _$r~9Q 6.1() 0.1)0 Q.35_p(;i/L ___ Q.76 ~I:EA PRIMJ)W $T[) 1000 

Ratio: 
Result/ 

Lvl 

Pajarito Canyon above SR 4 6/28/00 F DUP Sr-90 6.00 0.55 0.32 pCi/L 0.75 8 EPA PRIM DW STD 1000 -----~ 

Water Canyon above SR 501 10/23/00 F CS Sr-90 5.07 0.55 1.35 pCi/L 0.63 8 EPA PRIM DW STD 1000 0.005 _ 

Indio Canyon at SR 4 6/28/00 F CS Sr-90 5.01 0.49 0.36 pCi/L 0.63 8 EPA PRIM DW STD 1000 

IJIIa!tl_rCany()l1bel()'o.V$134 .. 6/2~/QQF' _c;s_ Sr:9Q_ 5.,4Q 0.55 Q,38p(;i/l, 0.68 ~EPAERIM[)II{_$T[) _1()()0 

l,()i;;Aiamos<:;_<~nyonat$R4Weir _ _]{2!/Q(l_f' ___ GS Sr-90 .. _ __?6.60 _ 4.42 _____ 2.69!)Gi/L ---·· ___ 3_,~ _§_EPAF'RIMDVV§IQ ____ 1()()Q____ 

BE!n_(jil<~..C:!J_ny_Qil <'j_t 3r_cl_C:::.rossing_ . ___ _ 7/17/00F ~~-_!1Q .. ----~5Q_ ~5_ ___ 0.38 p(;i/1.,______ _ 0.56 _ __!!_E:F'A f.RIM D\1\f §I[)____ 1:-c::O~OOC'----_ 

Pajarito Canyon at TA-18 Culvert 6/28/00 F C$_ Sr-90 5.40 0.50 0.34 pCi/L 0.68 8 EPA PRIM DW STD 1000 

f_ajarito Canyon at G-1 6/28/00 F CS Sr-90 5.60 0.55 0.34 pCi/L 0.70 8 EPA PRIM DW STD 1000 

pajarito C:<!I1Y()I1atSR 4 Culv_E!rt 6/28/00 F CS $r-90 6.30 0,1)0 O.}~ _ _p<:;i/L 0.79 ~-I:F'A PR.IIIf1_DW$TD 1000 __ 

"values shown in the results column are >50% of the referenced standards. Not all data are shown. 

'One standard deviation radioactivity countinguncertainty. 

•codes: B- af1alytE!f()url<l_inl~b blank;L)-<]nalyte_n()t detected. 

e Values shown in the val/min std column are greater than 50% of 
the minimum standard used for comparison purposes. The minimum 
standard is either the DOE DCG, the DOE DW DCG, the EPA 
primary DW standard, or the New Mexico ground water limit, which 
contain applicable radionuclide standards for filtered stormwater 
runoff. 
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Table B-5. Trace Metals in Storm Water Runoff Samples in 2000 

-~--JqgoliQil_NamE!_~ ~·· ~ __ _j)~all!~ ·-~ Codes" ... ~-&l-~ ~ ~-- As -~L";;;:_ ~ _!l _ --~-B_a ___ __!l_e_~ ~~-go Cr .G~ ~----Fe_~··-____Hg_ 
Los Alamos Canyon at Los Alamos 6/3 F CS <" 0.9 89.0 3A --· 67.0 120.0 0.06 0.3 3.9 < 0.4 2.5 87 < 0.01 

~os Alamos Canyon at Los Alamos 6/3 UF CS < 0.9 2900.0 7.1_,.,_.-- 74.0 370.0 1.02 0.8 6.1 1.4 6.8 2000 < 0.01 

L()~i\lall)o~ Gar\YQillll Lq~ Al<llllO.§~~ 7/1_8 _f_ CS - -~ ~ (),~_<_ O.L 33~2. 

L(l~ Alamoo;Ganyqn !ltLo§_l\laiTl()~ ~ ~ IL11l~ UF CS _ 1I.llQ_ ~ ~.5 __ ~ 11,1()()() 

Los Alamos cl;u;yo~n at Los Alamos 7/18 UF DUP - ~ 20.70 9.1 166000 

ILosAiamosCanyonatlosAiamos 7/18 F CS 10.0 220.0 4.4 87.0 170.0 < 5.00 < 5.0 6.7 0.8 6.9 130 < 0.20 

b()~ AlamosG<lf\YOn atbQ!'i\lall'lOS 7/18 UF CS 1.1 . 18()00.0 14.0 317000,() 2000.0 9.10 3:7 <13.() 4,3 17.0 !)000 0.02 

b<l§Namos Car~yon at LOS/\1!111l()L___ 9{12 F .... cs _ ____(JL_T~ - 3l7.cl__ ~.0 ~- ( - _lliR___ 0.51 ~ ~~ §.4 < 1. ( - ~~- 1.~---_..1!:S._· --= 
ILosAiamosCanyonatLosAiamos 9/12 UF CS < 0.5 ' 8660,0 7.2 48.7 287.0 1.35 0.7 8.1 2.6 9.2 4560 < 0.06 

LosAiamosCanyonbelowTA~2 6/2 UF CS < 0.9 4300.0 6.6 ~·-· 31.0, 530.0 9.94 4.1 17.0 6.8 64.0 5200 < 0.01 

LosAiamosGany()nbelo\IVIAc~ 1Q/23 UF CS .. < 0._5 60!j().O < 2.6~"-- 23,!1 !)8,7 .. O.Sf:l 0.3 ().8 3.1 5.6 3830 

D£'GII11YQfl.b.iiO\YM~ad.<liiVII!TA:~1 f£2f:J~F ¢§ · <- ().!5~ 8!5.~~~ ~~ 2.!J :1~,!L 1§.J~_.:__oj2~ _Q.? __ < o~ll < __ j . .f_ !l.Ei.. __ 75: 

IDPCanyonbelowMeadowatTA~21 7/25 UF CS < 0.5 5090.0 < 2.6 19.6 75.3 0.94 0.5 3.6 6.2 25.9 3860 < 

DP Canyon below Meadow at TA~21 10/23 UF CS < 0.5 20400.0 5.7':"'::- 230.0 2.67 1.2 6.3 20.9 55.4 17000 

[)PGanyonl:>f!l()wMaadowatTA:21 1()/27F CS < 0.5 679.0 3.8""- 11.2 16.6 0.52 < 0 .. 1. < .. 0.6 1,7. 3.1 , 4()1 

IDPCan_y(,i_i,~eJ().Y).1eaciow,.nA:~ 1oJ?IF [i(Jf__ <~ _ ____M___ _1365.0~ < _?.fi ~ 1o:6 n .:_::::16.4 0.52~:< o.i < ~~~_[13 '1K 2.]- ~ 39!_~~_~ __ _ 

DP Canyon below Meadow at TA~21 10/27 UF CS 0.7 18600.0 4.4_ ·-" 18.7 293.0 3.85 1A 9.0 15.8 48.8 13000 

0.06 

DP Canyon at Mouth 6/2 UF CS < 0.9 5400.0 5.3 =-·~ 28.0 510.0 11.76 4.3 17.0 6.3 58.0 3600 < 

Pf'GallY.c>.lla!M()uth 10t2_3 __ UF ,c_p __ ~ < o.5_ --'~ 33ooo,o ~ ~~_1o.1 363,()~ ~~- 6.27. 2.0. ~- ~ 1_0 .. 1. 2.1l •. L_ 64.0 26900 
0.01 

PPG<lnvolla!MOJJ~Itl ~ jQ£?I_f . ,c;s < 0.!) 1()4().0~< 2.6 1§,~ ~-22.9 0.59_~ ().1_<_ _ _0)3~ 1.0 ~~2.1 __ . !51!4_ __ ~ 

DP Canyon at Mouth 10/27 UF CS 0.8 48800.0 10.4 ~ 40.4 760.0 14.22 3.5 25.2 41.9 108.0 37500 

Los Alamos Can on near Los Alamos 6/2 UF CS < 0.9 8800.0 6.4 ·--·-.c-~ 40.0 890.0 20.50 8.0 30.0 11.0 95.0 5900 < 0.01 

l,()s_i\lalll().!' C:allY()IlllE!<lrLqsAI<llll()~ t)/3~F-~ __ C:S < ~().9 ~5!).()_<, 3.0 66.0,.. 110.0 0.06~ 0.3 1,1~ < (),4~ 2.()_ J6~< __ ().01 

Lo!'!-!ll'!'QsCanyonll~.ar~LosAia~ITl<>~ ~ __ _fl@_UF~ _q:; ~--< __ O,fl_ ___ !liOJl.O~~-' _ __!l._i --· 81.0 830,0 ~-4J)L__ ~,!;_ __ 1_5,()__~ 4,_6 ___ ~ ~ 4700.c..<.__ (),()_1 

Los Alamos Can on near Los Alamos 7/9 UF CS < 0.5 29000.0 22.0 -- 220.0 3600.0 32.60 24.1 28.0 12.0 35.0 240000 < 0.01 

Los Alamos Can on near Los Alamos 719 UF DUP < 0.4 28600.0 22.0-- ~-, ·- 215.0 3540.0 6.72 5.2 27.6 11.4 34.9 13300 < O.Q1 

L()§i\hafll()§ClCinY()Illl_E!ar Lo" Ahllll()S~ .. 719J CS < ~ o:5~ 22(),0 5.7. -· 93,0. 11().()~~ 0.21... Q.2 3.3 1J. . 6_,! ~~ 40!_<_ ().Q1 

Lo.,,AJamosG<lllY()nllellrL~(lsAI<llll()S ~1()!?3F .C:S O,f:l 617-Q~ <.~- 2.13 ~13-!5~ 1!.~ 0,!53~ < 0.1 11.3 .1.1 <---~~ 1.8~.. ~-~68 

Los Alamos Canyon near LosAiamos 10/23 UF cs 0.6 30900.0 8.6 . 21.0 513.0 7.77 2.1 28.9 23.0 50.9 25000 < 0.06 

LosAiamosCanyonnearLosAiamos 10/27 F CS < 0.5 772.0 < . 2.&. ·.:--::. 18.4 41.7 0.51 0.1 < 0.6 < 1.1 < 1.8 415 

1 Pueblo Canyon near Los Alamos 10/23 F 'CS < 0.5 2700.0 - ~~·-=-~· 91.9 ~99.1 · 0.66 0.1 1.9 0.9 4.4 1680 

PYal:>lo~C:<lf\Y()Illlearb<:>>S~i\lamos 10/23UF -~~-q~~ < (),?__ !lQilO(),O ;!!).1 - 2360.0 19}9 ~~~ 6.0~ !54.~~~ <$3.8 .!!<!.!. ~--~ 64900 ().25 

!l<lndillC.:allY()Il~Ii\:3 J'L1LU.L CS --~-~- ~ ~- ~~----~-~. _ 0.8_!!_ 1.5:_~ . . ~ -~-i 1270()~~ 
Sandia Canyon at TA~3 7/17 UF CS 0.8 5000.0 4.3 1~0.0 0.42 1.0 8.5 9.5 45.0 5000 0.08 

TA~55 7/17 UF CS 0.30 1.6 4120 

TA~55 7/17 UF cs 0.8 . 1000.0 < 10.0 5.00 0.4 2.3 64.0 1000 0.03 
f,\:55 10/7-UF ~ cs < 0.5 ~ 1946.6~ < 2.6 25.3 0.57 0.3 2.0 57.5~-~ ... i31o-<~- ~6.06 
r.A:=ss ···· -~~---···~---~~···· ---1oiiuF ······ ouP--<~ o-:-5 ___ · iaao.o < 2.6--- ~--· ··· 24.8~--o-.57 ~~ -~ - -2.o--56.9~ ~~-~ --
canada del Buey near TA-46 10/23 UF CS 0.7 19900.0 ~~~ - _147.0 5.39 2.3 14.5 25.2 13200 

Ti\:!5<1. MDA~J 8/9 UF (.;!) < 0.5 1()2000.0 16,4 . . 1030.0 _14.1.!5 1.0 !)9.3 4!lA 64200< 0.06 

TA:54: MDA-J 8/!l UF DUP < 0.!): 10:Joo6.o . i7.1 ~'- ~f01o.() .. 14.09 ~ i.o ~~~ ~ 59.9 47.9 ~ !l41lQO~< 0.06 
r.A.~54 MDA~J 7i15~UF cs ~ -- ~ ······ · ~- --~~~ ~ · ~ ~ ··· ·· - - o.1s i.o- ~ ~ "~ 1630- ~ ~~ ·· 

TA~54 MDA~J 7/15 UF CS 10.0 ~~~-· 620.0 71.0 < 5.00 0.8 9.1 3.2 22.0 920 0.06 

Ii\:!54,MPAcL~- 7_117_F ... cs 0.0§.~ 0.1 .... A ~~~~--~ _L~~ 

T~~. MDA~J -··~-- ~~----- ... !!17 UF CS ~~----- -~----- ····•.-"-'-- _---~~~~- ~----__ 0.1~ ... ____QJ!~ ·-~~ _ ...... ______ '!Mi() ___ _ 

q~E:~g~:i~-- ~:~~: _g! n~ ;~ H __ ~::!H~ 1H Ii:L 5~!:i Hi U ___ u 111 < 3~I ~ii 3~~i:H :·::~ 
IA:!54.MPt.:C3::6. l!i1H~ cs < ~~~ Q.5~ ~__143.0 < 2.13 ~??.8_ _ _4§.L ~ 0.5_1 < _ ~().1 ~-1·9~~ < J,1~ .. ~4L 66 
TA~54, MDA-G-6 8/18 UF CS < 0.5 34800.0 7.9 113.0 257.0 4.54 0.7 19.9 21.0 26.5 24300 < 0.06 

TA~54, MDA~G-6 8/18 UF DUP --~~-~~--"'2.""34,_ _ ___,0"-'.6~--~---~~-~~--~~-----1 
JA~5:1,MPA:G·!l__ 1()/11_f'~ ~ cs < O.!'j .. 531.()~-"--~ :/.6 ?<$,5_ .. ?3.9. ML < O.L< 0.6~ < t.L < --~LL. ~- _3()~1· ~ 

!t.:M,MDA~G~!l__ ___ ~-·----~· ...... 10/11 Ul'___(.;§_~ -~-~__().§__~ 23400.0 <~ ?.fl.. _ __!5?:fL _ __3~.1l.f>L~______Q.§~~~ 7.7 16.3 .... ?JA_______1Qll_Q()~~~~~__().06 

TA-54, MDA~G-6 10/11 UF DUP < 0.5 23000.0 < 2.6 53.1 334.0. 5.46 0.7 7.6 14.1 19.7 14800 I 
Canada del Buey at White Rock 7/29 UF CS < 0.5 417000.0 64.1 90.4 5180.0 72.30 5.3 150.0 247.0 270.0 285000 < 0.06 

<::ailllcJa~deiBuey!IL'NhitaRo_ck ~~ ~ 7/2fl F C:s < 0.5~ 232.0 ~__3,0 ~ 2!1._1_ -~~ 49.0~ 0.5;3_<~ 0.1_ 2,7 < ~1-~1 ___ ~2.4 116_~ 

Ca~lldadeiBueyatiJI,IbilaRocl<__ ~ll/1!l_F __ c_s_ __ ~~ 0.9 ~ :2§<1.~0 < 2,13~ ~~19.9 __ 32.3_~0.~1~<~ _0,1. ~~b!l_ <_ ___ 1.1 < ... 1.1!~ ~---~97 

Canada del Buey at White Rock 8/18 UF CS < 0.5 164000.0 27.0 50.7 2520.0 29.80 3.1 89.0 85.7 100.0 103000 < 0.06

1 I Canada del Buey at White Rock 10/11 UF CS < 0.5 67900.0 < 2.6 51.3 3140.0 33.5() 2.9 62.9 25.5 32.2 33700 < 0.06_ 

Canada del Buev at Whije Rock 10/23 UF CS 0.6 118000.0 17.8 32.2 2010.0 25.60 2.9 56.3 66.1 52.6 77000 < 0.06 
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Loe<~liqnNamE! Date__ Codes' Ag )\J _. _1\s ___ ~-- _ _B____ E!a . Be . Gd .... Go . Gr _ Gu ____ _Fe ... _l:ig 
GanadadeiBueyatWh)t~RQ!'k ______ _!O@_f_ _g~ < 0.5 4830.0._:< 2.6 8.3 40.7 0.72 < 0.1 < ___ Q.6 ______ t.!l_ __:1-~- 25t0 
C::~_a<lllcJ<!LE!~YiltWhit~Rock __ _10@ l)l' GS < 0.5 ____ 2t_QOO.Q_ ...... ~ •. ?.. . .. 19.2. tt9Q,Q_ __ t:l,~2_ --~ t.7_ 26.0 6,3_ t4.3 _____ 8Q10 ...... . 
f>_ajarito Gl!flyon above SR 50t ... 6128 F GS < . 0.9 300.0 4.2 __ _I_;JQ_,Q____ 2t0.0 0.06 0.4 6.0 _ _Q,5~ _ _____L?_, _ 190 < O.Ot 
f'al~rit(){;;1Jf1Y<:li1'!1!Clve§RWL ... J¥?8 . .\.IF .TQTC:: §.1 :3.7'!>9<16,7,.. ~9.9_ _ __ §QQ.<!_ t§.ttll.Z_ 2!1-IJL . 6.7 ~06.8. 30L~ 6QI.1 ____ ~37_5!;72" t.33 
f'ajaritqQanyc:>n lli!Cl\'<!~R!iQ1_ \l!8_F CS < 0.5_ 427.0 1J_ _27.4_ __ 81),5 O_._!;Q __ < Q.t 4.2_ < 1.1___ -~._!;__ _____ 4<1<4 __ 
f'al1Jrilc:>!::llf1YOnabovel)R5Qt 9/8 UF GS < Q,!) 11)6000.0 35.9 57,0 3890,0 14.96 5.9 7t.~ 8!!,7 t35.0 t03900 < ().06 
f'>liaritQG>!nYCin ab{)ye SR 591 ll/8 \JF pup - < ~ -__(),!)_~-- 1ZQOOO.() 37.6 ~.~: - ~9~Q.Q:_ 1-4.!1( 5.7. 72( 89.8~ t39.0~----]_Qiooo:~ .. 
f'al!l~lcl.<::llnY<lf1_11l>gy.<!.SR!i9L 1012_3F ___ G§__ _ __ _()._6 ____ ~ __ 9_9.!!_< ........ :2 •. 1'>... -~9.!1. I')I,_L ____ Q,§L< ___ 0.1 __ <_ 0.6 < ...... 1.1...<...... . J.8. 1}1)"~-
PaiiJiil<>.c:<IJny()na_!>o_v_E!§R!i()1 10/23_UF . G$ _ 9.ti __ ~ __ _!_34~00,0~_ 4.7 32.0 433.0 __ t_.Q!!_ _____ 0.4 ____ 8.7 ll-!1 ...... t).5__ 9620: ___ 0.2§ 
Palarito G'!nyoniJIJ<JveSR!;91 t0/23 l)F DUP < 0.5 t2800.0 _ ~.fl ;32_.3 429.0 0.94 0.4 _ 8.6 6,7 tt.1 9129 
PaiaritoGanvonatTA-22 6/28--F- -:cs - <- 6§ ---42o:o·-;: 3.0 ···· 9B.ii too.o· 0.05 0.4 ---- 5.i t.t' 7.3 · 26o'<- O.Ot 
Pajarito Canyon atTA-22 6128 UF :TOTG t2.0 70784.1 48.6 274.6 2520.t 2.74 3.6 32.t 6t.9 t06.4 57392, 0.45 
Starmer's Gulch atTA-22 6128 F GS < 0.9 280.0 3.8 t20.0 t80.0 0.06 0.4 3.0 0.4 6.6 180: < O.ot 
Starmer'sGulchatTA-22 6128 UF ,TQTG 6.8 64574.2 35.2 252.4 3t88.8 4.27 3.0 47.9 4t.4 99.8 61296 O.t8 
TA54MDAG-1 10111 F GS < 0.5 859.0 < 2.6 t3.7 12.8 0.53 <' O.t t.t 0.7 < 1.8 470 
TA 54 MDA G-1 10111 UF GS < 0.5 42200.0 8.9 35.8 367.0 5.52 0.4 t3.t 26.2 19.8 29200 < 0.06 
TA-54 MDA-G-2 7129 F GS < 0.5 < 23.4 < 2.6 139.0 95.8 0.49 0.2 t.9 < t.1 3.4 < 20 --

ITA-54, MDA-G-2 7129 UF GS < 0.5 30900.0 8.6 127.0 334.0 3.88 0.8 8.2 t9.6 24.9 t9700 < 0.06l 
TA-54 MDA-G-2 819 F GS < 0.5 51.2 < 2.6 49.8 40.5 0.48 < O.t 3.0 < t.1 2.9 30 
TA-54 MDA-G-2 819 UF GS < 0.5 56400.0 tt.7 60.0 596.0 10.43 t.3 t7.6 30.7 43.7 36600 < 0.06 
TA-54, MDA-G-2 10/tt F GS < 0.5 126.0 < 2.6 7t.7 54.6 0.5t < O.t 3.5 < 1.1 4.2 t03 
TA-54, MDA-G-2 tO/tt UF GS < 0.5 21500.0 . 5.7 80.3 t93.0 2.9t, 0.2 it t2.7 t5.9 16000 < 0.06 
T/\:54, M[)A-G::J _ 7/29 UF C:$ 2.9 t30009,0 ...... ... 21),4 74.7 t470.0 27.70 _ _ 3.9 40,8 81.7_ · 76.8 77600 < . -().QS 
,TA-M,MDA-G-3- _______ -~-~-. 8Jji.E__ C::~ ...... _ <_. o.5 .. -- -135.0- <~ ~-?..ll___ ... 92.3 -75.0- -o.Si·<--6~(_ _ _:3.9~- :_:_: i.4 . - 3.8' - 37--- . 
T/\:!i1.MQA:G:3_ l3lt~ I.JI" c:;s < M ____ .flZQIJ.tl 3.5 __ 1:3M. J!I.Q_~ _:2,2()_ ().3 :P 6.f.. 9.9 _______ 5709_< 0.()6 
IA-54,_MDA:G:::J... ______ J(J!H __ F_ .. _gs _____ < o.5 5t6.o < 2.6 37.8 27.8 o.52 < Q.t __ .-< _____ 9.§~- 2.3 4.6 29t 
I_A:!i1.MD_A.:G-3 JO!JLIJF' .. ,GS Q._7 _____ VIOO.() 4,4 _ ..1.:3.?, ____ 1§§.() ___ ~2.8_!1__ 0.1 tO.S_ _t3.2__ ____ t?.L_ __ 1?409.<. 0,()6 
TA-54, MDA-G-3 t0/25 F GS < 0.5 t95.0 < 2.6 2t.4 25.4 0.49 0.2 < 0.6 t.2 2.3' tt6 
B:M.MRA-G-3 E>z?~:ui= :<::~-- ··--:;:- o.s__~_5mo.o:::--t?.7_ .2.0,2_ 81fiQ__ ___ 6.J~- I~ -- --:~s:a: 30.!;~ 4M. 42?()9 
TA-54,MDA-G-3 19128 f GS < ().5 206.0 < 2,§ ... 26,13 29,0 0.5t < O.t < (),ll 1.9 < 1-8 t20 
TA-54,MPA:G-3 1912~-I.Jf ~GS · · · · -~c - - - - -- _ .. _·_ • •••• · · - - _ - - - • • ...... ·•· • 

TA-54.MPJI.:G·§ t()@_f :<:::$_ _!J.6____ 362.0_ < ?.§_ 27.0 }.8 9-!i~ < ___ (),to< ____ (),6_ <, _1.1. < __ t_.8_ 
< 

2iii 
TA-54,MDJ1.-G-5 , tQ1;!:3l)F GS 0.6 6!j40.0 < 2,6 22.2 46.6 0.9t < Q.1 ;!.2 4.3 3.6 45fiQ < 
TA-54, MDA:G-4 -- 8/t5UF: GS < 0.5 ti700~o: <- 2.6 3t.B t46.0 2.15- 0.6- 5.6 5:6 .. i8.6: - -7860 <-

().06 

0.06 
0,()_6 

TA:54,MD.ii:G4 13115-l.if' 'DuF> ·-< 9.5 · itooo.o<· 2.6 3o.1 t-t2:a :2.o7___ o.6 __ ?.7 5.3 is.t ss?o __ _ 
TA-54, MDA-G-4 tOi12 -F- GS -----.;:-- 0.5 586~()~< - -2.6____ 29.5' 56.1 0.53·<·- o.t'- --- t.S < . 1.1 -4.3 . 4to' I 
TA-54 MDA-G-4 10/12 UF GS < 0.5 4660.0 3.6 32.7' 83.9 0.76 O.t 4.t 2.6 8.9 2940 < 0.06 
PaiaritoGanvonaboveSR4 6/28 F GS < 0.9 t4o.o· 8.3 190.0 3t0.0 0.08 0.5 3.9 0.7 6.0 130: < O.Ot 
Paiarito Canyon above SR 4 6128 UF · GS 0.24 t.O 
PaiaritoGanyonaboveSR4 6128 UF .TOTG 6.2 80068.8. 40.5 407.t 4817.7 5.55 3.2 52.4 62.0 t50.9 79500; 0.20 
Pajarito Canyon above SR 4 10124 F GS < 0.5 t 070.0 3.6 32.t 73.8 0.59 < 0.1 < 0.6 t.6 3.1 605 
PaiaritoGanyonaboveSR4 10124 UF GS 1.7 43300.0 t1.2 690.0 5.99 t.7 9.4 20.0 27.7 25900 < 0.06 
Pajarito Canyon above SR 4 10127F GS < 0.5 323.0 < 2.6 39.7 76.7 0.61 0.1 < 0.6 < t.t. t.6 192· 
~ito Canyon above SR 4 10127 UF GS 1.4 47700.0 t1.9 63.0 529.0 7.70 t.6 tt.t 20.6 3t.3 27500, < 0.06 
Water Gaf1Yc:>n above SR 501 6128 UF TOTG 1.t t9099.4 16.0 321.8 20t9.3 1.35 0.6 t6.5 t3.7 34.t t8200 0.05 
Water Canyon above SR 50t 10123 F GS 0.6 3510.0 4.3 29.3 80.5 0.65 < 0.1 < 0.6 t.3 3.1 t820 

~~:~~~~:~~~~~:~~~;~~~~t 1 ~;~~ ~~ ~~TG ~:~ _t~~~~~:~ ~~:: 2~~:~ ~~~~:~ 3~:~~ ~:~ ~~:~ ;~:: ~~:~ ~~~~- < ~:~~ 
GanondeiValleaboveSR50t_ ---~123 F ~__<:;§___ _Q,E)"· 165.0 4.4 -~t?. _____ !ill.!!_ 0.51 < ___ _Q,_t__ 9-I < t.t 2.0 t62 
Canon del Valle above SR 50t 10/23 UF GS 0.6 70300.0 15.8 74.5 3440.0 t4.34 4.9 65.0 26.9 34.9 35700 < 0.06 

~=;~~~::=~~:-:-~ mmmmm -~~J~n~=:...--~~T<; __ < _Jg~f:_:__ ~~~~I~--~~~~-~:n- ~t -]~t---~·~t ~:[. 51!_<___ 6~:f tS~:f ---- --~~~~r- ... A-45 

........ ~rC::Ilnv.Cl.ll .. t§R!________ .. t0/27 UF _ ___<:;S_________ 3.0 142000.0 ______ __?_4,()__ ___ t05.0 5450.0 :32.1Q _____ 5_.9 ___ _lli!._O~- !)0,§ ..... 7.1-~-~- -:7;-:4-;;:20:o;O;----
IJV~tE>rC::..ny()nlli_§R4__ t0/27 l)f' ___ D_U_F' ___ ~_ 2~8____ 143000.0 __ "_____2f.IL_ ______ 106.0 5430.0 32~()"~ _§.t 67.9_ 5t,1_ _ 7:3,9" _____ 74!101) __ 
1n<Ji()(;~f1}'()n!lt$134 _ 612~_UF _:C::S_ ------~--- _______ _ ______ O.t7 _____ Q.!i : 
Water C:::llny()nl:>elow SR1 6128 F c:;s < 9.9 t40.0 ~-9 t30,0 _ 550.0 0.07 _ (),5 3.0 0.4 6.2 
vvaierc:;.,riy<Jiil>tilow SR4. 6t28l)F ~roTc:; 1!1.1 208933.? 73:6- 47o,if -i7~68,2 t5,82·-~ ~.a· t2i:2 t44.8- 370.0 
vvate[ c"nv<>~I:J<>I<>w s§ 4 Il?~ uF' ~cs · 1:2.0. 2siooo.o -77.o_ ~:1~6..c): ?~?o.o_ -43 . .\Q.:_ 1t.7 to8.o~ __ t3o.o~ ~~il.o.: 
'v\laiE>r_c::;~nyo.ni:J<>I<lv.'~B! 7129._UF [)I.JP _t4,(J_ 29!1()0().0 86.5__ _ _2M.Q ___ !!1_~0.()_ §t_.OQ_ ___ 14.?.. t2t.O ____ t!;I.Q_ 9:3I.<J. 
V\fat~r_c,ny()n_I:J<>Ic>\\'l>R.-4 -~1:2UF GS 1.4 98000,0 ?.§.:3___ __1§.0.Q__ §120,()_ 2:J,QQ___ 4.5 7§.1___ _1M ___ E;-4,8 __ 
WlltE!r_Gilflv.Cl.fli:J<>I()V{§R_4 -~/t8F_ C::§_ < Q.!i_ 424.0 _____ :3,L 4_Lf.. .o\J.8.. 9,4!1_<_ O._t_ _ __ !,9_ < 1.1. ~.0_ 
~te .. rGanyonbelowSR4 8/18 UF GS < 0.5 17600.0 3.4 27.5 292.0 t.94 0.3 4.3 8.3 t2.2 
f!!."ter~-"-r:!YQ!l below SR 4 8/t8 UF DUP ~- < 0.5 17600.0 3.0 28.6 297.0 0.94 4.3 8.5 t2.5 
WaterGa!!YonbelowSR4 t0/23 F GS < 0.5_ 862.0 4.0 30.6 97.2 0.52 < 0.1 2.3 < t.t 2.5 

__ t_t{) O.()t 
~:J.-447!._ .. t.06 
173000 < 0.06 -- 2osooo ·· · 
--657oo < o.o6 

166 ... 
9286 0.09 
9350 
499 
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Table B-5. (Cont.) 

Location Name Date Codes' Ag ~ As B Ba Be Cd Co Cr Cu Fe 

l/,'~tE!rG"DvC)n~E!IOYif>8<!__ 1()@ Uf' C::§ ... ,<_ 0.5; ~00.0 H,i_ ___ ... --~9,4 __ §3()0,() 27.00 -~,1- _79.5 __ 13.7. _;!!).~_ _2_5400. < 

WaterCany<>nbelowSR4 10/23 UF DUP < 0.5 54900.0_ 14.3 67.5 5310.0 27.20 5.9 80.5 13.4 26.1 25700 

WaterCanyonbelowSR4 10127 F CS < 0.5 1560.0 < ~.6 _p.8 96.1_ 0.53 < 0.1 < 0.6, < 1.1 1.9 816 

~ 
0.06 

11'/l!terc~I\YC>I\belg\YSR~-- _ _1Q.L2!_UF CS 3,~ ___ 9§0{)0.0 _2j'~L __§(),!!_ 4040.0 27.80 6.1 .... gQ_ 42.9 11!!.!!_ §0_800_<_ ().0§ 

1:'9!~11QClii\YQnnE!~L'IV_I1itE!8a<:l< ... !llll_I,Jf' ___ C$ _ < 0,§_ 9!)600.()" 1].1 _____ . 22.7 1I1Q,O_ ?3.4Q____ -~·?. _ ~!l.8. .. ~~,9- §M. _§!!~9():<___0_.(!6 

Potrillo Canyon near White Rock 10/23 F CS < 0.5 1620.0 < 2.6 11.3 18.1 0.61 < 0.1 < 0.6 0.8 < 1.8 881 

Potrillo Canyon near White Rock 10123 UF CS < 0.5 36200.0 7.7 < 4.7 869.0 12.75 1.9 27.5 17.5 23.6 22900 < 0.06 

hi1C!>Q<::l!r1Y91\l!t.:r.~~---· ..... _____ 8[18 l)_f~_. __ < __ 0,§, ___ 31900().()_ 63.0 __ ___j!Q._8 __ 3:'1lQ.Q._____&§,JQ ___ 7:2,_ 135.0 201.0 ... --~ ... _ 229000 <_ __ 0.06 

1\n<:hg_ C:linyonl!t_l"A-39 _ _ 1()1?8, UF C§ , < _Q.L !!:35()0.0 1:3 •. 5. -~ ... 35.9. 652.() 1?.36 _H_ ~7.-3. _ §E !6&_ 6;3§()() .... 

AnchoCanyonnearBandelierNP 8/18.UF CS ' < 0.5 278000.0 48.9 81.5 2250.0 41.70 6.3 86.0 162.0 165.0 185000 0.11 

~~cho CallYQ!l near BandE!!ierlif'_____ _ ____ 8fllhll.E__ JJI.JE_____j_< . ..... _O_.§j__ __ ~E);!QQ()_Q ___ 4:3L_ 71.0 ____ 2280.0 _ ,#_Q()______ __ . 7.9 84-L .... _ __148.0 161,() ___ _1§..!)()0_() ___ _ 

1\1\Ch()Callv®nearlllilldJ!Iierj\jP 1{)1~3,l)F __ cs < 0.5, §()7'00.0 ..!),6__ _ __ 5.6 771.0 12.93" 2.<1... 22.()'__ 30.!J.... 35.9 -~8200 <. _0.06 

Ancho Canyon near Bandelier NP 10128 UF CS < 0.5 49100.0 5.8 26.9 526.0 9.59 1.2 17.2 24.8 26.7 28600 

UpperLosAiamosReservoir < 0.5 3.1 52.3 227.0 0.51 < 0.1 2.3, 0.9 4.0 1660 

UpPE!rbe>s_!.llimosBE!~!lrvoir < .. ().§___ X6 _j'4.6 _ji_1.6 Q.5()_ < ... 0.1__ 2.6. < _1,1 ___ .?.L ...... ?8:3, 0.05 

Los Alamos Reservoir < 0.5 3.2 19.4 58.9 0.53 < 0.1 2.5 < 1.1 < 1.8 186 

i..osAiamasR:eservoir < o.s 3.o ·· sa.:l 222.o -o.7o ···· o.2--- 4:1 - - 1.1-- 3.7"- · 16:lo" - o:o5 

Los Alamos Reservoir < 0.5 4.2 58.3 220.0 0.66 0.2 3.7 < 1.1 3.5 1480 

LosJl.lam()ll Ca!lY()I\ati:)R <I Weir < 0.5 3.2 71.6 191.0 .. 0.54 < OJ 4.4 < 1.1 3.4 .. 267 

LosAiamosCany()natSR4Wiir- <. o.5- - 10.4- 80.0. 856~o· 5.49 1.3 14.i 16.2 41.o" · 194_00__ 0.01 

LosAiamosCanyonatSR4Weir 7121 UF DUP < 0.5 39800.0 8.9 80.7 863.0 5.45 1.4 14.2 16.6 41.6 19900 0.06 

8~<1c."nyon3rd__(;r<:>_s~I1Q____ _ ___ 71_1LE -~. _____ ... -.--- ___ ______Q,QE) ~____cu__ . _______ .. ------·· ~~--
R"Ilcltl"C::.llllv9n 3_rd(;g>s_sing 7117.L_ CS 0.9. _ _ _ 280.0 ___ 1?.0 _ 75.0 77.05-,_ s.oo < 5.0 9L ... 0.7. 2,9,_ 1_60_< __ (),20 

Rendija Canyon 3rd Crossing 7117 UF CS 0.5' 24000.0 44.0 2300.0 2000.0 13.00 5.9 56.0, 5.7 7.8 3000 < 0.20 

Rendija Canyon 3rd Crossing 7117 UF DUP 1.0: 28000.0 50.9 2700.0 2000.0 15.60 7.0 65.9· 7.1 9.1 4000 < 0.20 

G~lliE!C::~IlYC>Il~tsR.§Q? _!19_f___ gs < ... o.§_ .. 11o.() 11.() __ go.o __ _§6.Q_ OJ~---- o.2 ________ 8.6_ Q.!. 4.5 _ 3<11;<_ __ ().01 

Guaje Canyon at SR 502 719 UF CS < 0.5 7400.0 24.0 290.0 1700.0 59.40 34.0 12.0 4.3 15.0 192900 < 0.01 

Guaje Canyon at SR 502 9/8 F CS < 0.5 463.0 6.5 46.1 108.0 0.52 < 0.1 1.9 < 1.1 4.4 273 

GuajeCal\v()natSR5()? g/8l)F CS < 0.5 .. .. 137.0 136,0 20?00.0 136.20 27.3 475.0 510,0 605.0 §60000< 0,06 

st>iime~sGulciialloV..sR5o1 1oi23"F cs -- o.6- -- ---6:7 --47.9- ······· 11s:o·- o.69 o.1 --2.9 -sf -7.6 - 6s1o · - -

starrllei5<3t.ilciiailCiv8sR:soi io/2:3 liF' ·c:s o:e; 14.2 7fo- 384ii:ii i s.o1 -4:3 65 6 -22~o 26.3~ - 3iioo-< o.o6 

Two-mileCanyonatSR501 10123 F CS 0.6' 4.0 54.1 75.7 0.50 <. 0.1 < 0.6 < 1.1 3.4' 261 

Two-milec.~DY91\~~8 . .S_0_1 ___ . 10123 UF _ cs __ . .. __M______ .. 8_2_5()().Q____?:-I,O _____ gQ,!! __ 3940,Q__ _ _1:l,QQ___ 4,7 53.3 -~§1__ __ 5_1,§ ____ 4_~QQ.<__Q.()I) 

f:'ajarito_<:;~nvol\!!t'fll.~1_l!<:;ulver! E)I?B_f CS ... < 0.9 140 .. 0. -~.4 15_0.0 23(),() 0.05 0.5. 5.7 ____ _!.0 !JJL __ p()_<_ .. (),01 

PajaritoCanyonatTA-18Culvert 6128F DUP· < 0.9 138.0 7.3 152.0 227.0< 0.03< 0.2 5.7 0.8 9.5 136'< 0.01 

Pajarito_G.'1nvon atii'\cJ~ Culvert ___ . _ _____§/2!l_I,Jf_ TOT<:; _________ Jl,L_. 2A1ZM,()_ __ _?_'1.9 ___ .. <1.95.4 11528.4. -~-- _ _1Q.4~ __ 1_4Q.9 _____ 1M1____~55.4 __ ?.?El<l;l6 1.19 

f:'lli~~l()9.llf1YO~at~8~C::~Ivert . ~12!l)' _CS _,._< . .0 .. 9. _ 38().() _____ lj,O 180.0 29().(), Q.14 _______ 0.2 ____ H_ _0.4 ___ !lJ, _26() < .... (),01 

Pajarito Canyon at SR 4 Culvert 6/28 UF TOTC 16.9 252358.8 90.0 480.0 10615.3 17.98 12.9 143._9 187.5 447.0 240696 0.38 

t 
itvater Quality Standards' 
l::f>l\ f>r\rl\l!I"Y_[)rjnking 'A'~t!lr_l)tanc!ard _ 
E:f>~ Sl!l<:<>llQary Drill~illg'!lfat.,r _ ~llln_d_~r~ • 
EPA Action Limit 
EPA Health Advisory 
I\I~WOCC!,_iyestock vy.,tering Standard . -··----
NMWOCC Groundwater Limit 
NMiNoccliVildlite iial:litatslanc:laoli 

__ §() __ _ . 2,Q()() 
-50-200. 

_50 
5,000 200 5,000 

- 5,0{)0 -1o() _]:§Q .. 1,o(jiC 

'_G_()(jes: l.JF::_t~nfiltered;_F~filtered; GS :customer samplE!; [)l.J.P:Ia~ratory dupHcate;TOT_C: total concentratio_n_calculated fro_l11_1a1Jc>@lory da_ta_,_ 

'Less than symbol(<) means measurement was below the specified limit of detection of the analytical method. 

'Standards given here for comparison only, see Appendix A. Note that New 
Mexico Livestock Watering and Groundwater limits are based on dissolved 
concentrations, whereas many of these analyses are of unfiltered samples; thus, 
concentration may include susPE!nded sediment quantities. 

.4. _5_ _ _1_0() 
_300 

1.300 

- __ §()_ ___ 1 .99() ___ _1_,()()Q_ __ . _.§()()__ 
10 _____ 50_ .. 50. 1,000:. ___ 1,QOO 

·-

.2 

1Q 
2 

0.77 
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Table B-5. (Cont.) 

61 < 1. 
51 < 1.5 < 3 

1390 2.4 32.3 
28 < 1.1 < 3.1 

676 ' .8 18.1 20.10 6.41 4.0 3.7 158.0 0.48 41.5 
TA-54, MDA-G-6 8118 UF DUP 20.50 6.04 0.20 
TA-54, MDA-G-6 10111 F CS 13 < 1.1 1.0 0.18 5.34 < 2.4 < 2.0 46.5 < 0.01 2.3 6.6 
r;A.:54. lvloA-G:.S 1oi11-uF ·cs 907_<_ 1.1- 14.9 -24.6o- --4.62-< 2.4 < 2.o- 12s.o - o.21 34:2·-- 11!8.o 
r;A,:54, MDA:G-6 -16111 UF-- [ji..Jp .... 879- <- 1:f - 14.5 24.60 __ 3.71_< __ -2.4 < 2.6 .. 124.6-< 0.01 ---32.2-- 185.0 
canada del Buev at White Rock 7129UF cs 9:2oo 2.0- 2S9.0 30S.oo·<--3.41_<_ 2.4 - 6.2· 99i:o . 5.43- 45:2.0 ____ 983.0 
Ga~ada~~l Buey aiWhii~f:{(,ck 7129 F- cs . 228 < 1.5 .- i:6 .. 6.:26"< --6.§8<- - :2,4-< ~.1 79.2 < -o:0-1- 7,7-< -:2.2 
canadadeiBuevatwhit.,Roek. -8118-F cs - 8 <. 1.1-<---- 3.1 o.o2 < 6.11-- --- :c· -2.0-- . 43.4 <--o.o1 ___ sX< 3.9 
cailadaderBueyatWhiteR~-- ····aiiii.uf:· ··cs -566_0 ___ 2.2 106.0 206.00 < o.i1 ----'1:8-- s:i-- 450.0 ----T69. -201.0·---348:0 
caila.ia<ie'fBuevatWhiteRock 101i1uf: cs --s94o- < 1.1 85:4- 43.50 0.41 < 2.4 < 2.0 S59.o· 0.53 76:2· -188.o 
Cai'iadadeiBw!vatvVhiteRock ·ioi23.UF · cs ____ 4410_<_ 1.1---8~---62:io·---()j()·---~2:4 380.0 · ·a.44 133.0 213.0 



Table B-5. (Cont.) 

I Location Name Date Codes" Mn Mo Ni Pb Sb Se 

Canada del BueyatWhite Rock 10/28 F CS 33 < 1.1 2.0 1.65 0.59 2 
Sn 

__ 4 

Cai'ladadeiBueyatWhiteRock 10/28 UF CS 2190 < 1.1 31.2 20.60 0.17 4.4 

Pajarito Canyon above SR 501 6/28 F CS ~ 5.9 3.6 1.41 5. 73 4.1 < 
2.4 

----,-s.o 
Pajarito Canyon above SR 501 6/28 UF TOTC 53278 39.7 255.1 851.87 25.08 41.7 290.8 

Pajarito Canyon above SR 501 9/8 F CS 307 < 1.1 2.1 0.33 0.68 < 

Paiarito CallY.on above SR 501 9/8 UF ·cs 19000 2.2 92.4 227.00 1.37 < 2.4 
?0 
~ 

Paiarito Canyon above SR 501 9/8 UF DUP 19000 2.9 93.3 248.00 < 0.11 < 2.4 < 2.0 

P'!@ritoCl!'J}'OnaboveSR501 10/23 F CS 90 < 1.1 < 3.1 < 0.08 < 0.11 2.4 149.0 0.02 1.8 0.5 

Pajarito Canyon above SR 501 10/23 UF CS 2150 < 1.1 8.7 21.40 0.20 < 2.4 2.4 228.0 0.02 17.0 49.8 

Pajarito Canyon above SR 501 10/23 UF Dl)P 2140 < 1.1 8.6 21.80 < 0.11 < 2.4 < 2.0 226.0 0.03 16.5 54.1 

Pajarito Canyon at TA-22 6/28 F CS 320 8.2 3.9 1.46 4.86 < 3.5 < 16.0 360.0 3.57 4.2 9.0 

P'!@rito Canyon atTA-22 6128 UF TOTC 5985 82.8 76.4 157.55 47.70 50.3 562.0 1022.1 47.60 105.1 491.7 

Starmer'sGulchatTA-22 6/28 F CS 530 7.5 6.0 2.22 5.76 < 3.5 < 16.0 340.0 3.58 1.7 11.0 

Starmer's GulchatTA-22 6128 UF TOTC 14187 24.9 56.3 135.89 15.74 22.3 143.1 1524.7 17.23 101.7 588.1 

TA54MDAG-1 10/11 F CS 8 < 1.1 1.4 0.25 0.39 < 2.4 < 2.0 15.1 < 0.01 2.3 3.1 

TA54MDAG-1 16111-uF cs 858 <-- 1:1 19.1___ .. 35.86 ___ 0.32 < 2.4--< 2.0 88.9- . 0.14 51.3 -122.0 

'fA:54. M[)A,§.:? 7f?9F t<::'§ 8{ <- 1.s < =~,1_ <).()? <= il.E)B : ?-~~ < 3.1_:- 379:o < -o.ot ~.1:<: .. :1,? 

TA:?:'I.MPA:G:L 7/29_UF :<::§ 81)7__ 1,5_ .... 1_1).4 _?·t~O_ < _ 0,§8_<.t 2.4 < 3.1. 431.() ____ 0.26 ... 4?J'L_ )1J.Q 

ro 
I 

!\) 
w 

TA-54, MPA:G:2 8/9 F . <:;s 24. < 1.J< 3.1 < 0.08 < 0.68 . 3.5 108,0 0.12 4.1 < 3,9 

TA=s4. MPA:G:2 8/91JF -<::§" 1?9o - 3.4 2S:6 · · 52.3o o.s9 .t - 2.4 1.2- ?5~.o o.11- 75.() -- 379.o 

TA:54. MDA-G-2 10111 F - ·cs 25 < 1.1- - 1.5 < - o.o8- 1.74_< ___ 2.4 < -2.o H:iQ.o<- o.oi 2.4- .. 3.5 

JA:~,MDA-G-2 1Qti(UF CS 437- < . f1 ~- 12.0 . 12.10 Q.98_< __ 2:4 < 2.0 195~6-<- 0.02 -27.3-- 115.0 

TA-54,-M[)A-G:3 7/29 UF- cs 370Q . 5.2- 6S.1- -142.00 < o:ss_:<___ 2.4 iii 465.0- 1.21 14!),0 570.0 

:fA,s4,MDA-G-3 l:l/18F ·cs 26 5,4_<_ ~.1-< ---o.oii<-Q~f1- ·-< 2:0 182.6-< o.ot- 5.4<- -3.9 

T.f.-54j~[)A-G-:J 1:!111:! UF -cs 20? ~.5- · 4.8- - 9jL ·- 1.00- < 2.4 < 2:o - --:214.0 < o 01-- 15 .. 4 · -- -44.1 

fp,:s4,MDA:G,3 - 1Ql11 F <:;s ?i 4.0 1_3- o:1{ .. 1,36 < 2.4-< 2.o --5.,.5-< 0,01 5.~ 7..3 

J"A:M,MDA-<3:3 . i()J11UF cs - ; _ 34~: _ 3.9 1(),Q i:i2Q ~~=0.78 < H:<- 2.();_ 88.8:<- - o.o2' 2i~: 1~g:o 

TA-54, MDA-G-3 10/25 F CS ' 28 < 1.1 2.4 0.30 0.52, < 2.0 44.4 < 0.01 2.7 149.0 
l"A:54,M[)A-G:3·---- ..... ---~-- ioi:25i.if: ...... cs- ... - 3080 ---· ... 4:1--36:;7 -------usa· 0.52~-- 3§<-.. -2.0 --- goo:O-- ·o.o777.f--3:22.o 

l".t>.:54. "Mo.A-G":3 1ot28 F - ·cs -------16- is-< 3.( ---- o.2o· -0.52--' · ·· -- -- 2.4 - 4i.a- < o.o1 2.9· - 9.1 

TM~.MDA-G:~::-~- . ·------==· 1Q/28l!(...--cs - -----=-== .... ----- .... :--~=:- -- ----- .... -~~~--- - . ~--=--=--·-
TA-54.MDA-G-5 . . . 10/23 F CS 16 < 1.1 < 3.1 0.10. < 0.11 . 2.4_ 10.5 0.02 1.0. 12,4 
r.a,:54; MPA,G-=5 ··· -- - -~ · - -~ -10i23 ·ui'-cs: - 16o <-- ·· · 1.1---.-3.8 -----s:32-< ··· · · a.-11-. --- 3.2 ------:z:4 - - -- 19:4- o:of--7.2- -36.9 
TA-54. MoA-G"-4 - 8/15 uF ·cs - 355-- 4:1 -~- 5:s- 11~ia~- 2.oo --2.9 < -- :2:0-- 11.t" --- o.39 15.2____ 12s.o 

~]~~]~:~~-:~~ --~== ······ 1~ZllJ~ -~g~:=---- 3t[< __ T:~ ~~l:~ -~~-1~,~~=~-]1~-~-=~+f -~I~-~-=]~{~-- H~~ ~1~{-- 1~i:g 
T/\:54, MDA-G-4 . ..... 1{)/12UF CS 71 < 1,1 4.3 3.39 .. 1.96 < 2,'1 < 2.0 95.2. < 0,02 6} 61.6 

E;.j~ritoCI!_n~on~t)"iveSR~ _____ .§12J(f __ j;s _____ 1_1Q\f -~Q___ .... JL6 ____ 1-2~-~ 8.1s"<: -~3.5 < . w_.o ___ §!)o§ . ~5.64~_1,?~ ____ 8.i 

f:'aj~ri_IQG~r1Ye>n'!~<lY!l§8~ 6@_UE ~s ____ . ----~- ~-34. 3.06 --~ (),2~--

F'~~rito Car1YQ_n~l)ove_§.84: . __ 6.l2JLLJE.._ TOTC ____ .?_8~§? ... _ ___l_l:l,Q~. ..!l9.0 ___ 2()9.~Q~_____I:!M_--'-- 1L§.. .I~Jl 

Pajarito Canyon above SR4 10/24 F CS 112 < 1.1 2.7 1.03 0.45 < _____l.Q 
2.0 

--4 

~ 

Pajarito Canyon above SR 4 10/24 UF ..<::§______ 2020 < 1.1 22.6 55.00 0.48 4.2 < 

Pajarito Canyon above SR4 10/27 F CS 16 2.1 1.8 0.44 0.67 2 

Pajarito Canyon above SR 4 10/27 UF CS 1540 2.9 20.0 65.10 0.62 < 2.4 

Water Canyon above SR 501 6/28 UF 'TOTC 16992 6.4 20.2 53.90 5.60 8.3 29_& 

Water Canyon above SR 501 10/23 F CS 168 < 1.1 2.1 1.72 0.47 2 __ 4 

WaterCanyonaboveSR501 10/23 UF CS 26600 2.0 73.8 21.40 < 0.11 3.1 ______b1 

Cai'londeiValleaboveSR501 6128 UF TOTC 31369 11.6 43.0 135.50 6.52 20.1 ____§!)&_ 

Cai'londeiValleaboveSR501 10/23 F CS 73 < 1.1 1.7 < 0.08 < 0.11 2 __ 4 

Canon del Valle above SR 501 10/23 UF CS 17900 < 1.1 50.0 86.40 0.52 < 2.4 ______b1 

WaterCanyonatSR4 6/28 UF TOTC 22469 17.3 70.6 238.89 8.19 19.9 66.0 

Water Canyon at SR 4 10/27 F CS 448 3.2 2.1 3.18 0.81 2 __ 4 

Water Canyon at SR 4 10/27 UF CS 21400 3.4 62.9 121.00 0.59 17.3 ______b1 

Water Canyon at SR 4 10/27 UF DUP 21400 2.9 65.0 126.00 0.52 17.4 < _2.0 

Indio Canyon at SR 4 6/28 UF CS 3.92 2.81 
3.5 < 16.0 

,nyonbelowSR4 6128 UF TOTC 45170 25.3 175.7 599.89 17.71 45.0 197.9 5134.0 18.61 341.3 1316.8 45.0 197.9 
23.3 9.3 
~11:2 

7.8 3.7 
< 2.0 

2.4 < 2.0 
_;1.4 < 2.0 

< 2.0 
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Table 8-5. (Cont.) 

b.-o---_hQ,cation Name Date Codes" Mn Mo Ni Pb Sb Se S.!!_ n V Zn 
WaterCanyonbelowSR4 10/23 UF CS 30600 < 1.1 51.9 72.20 0.81 < 2.4 < 2.0 1.15 79.4 589.0 
W11ter QaDYQD l:>elow SR 4 10/23UF __ j)l.JP 2!19()()_ < jj_____ 5~._1__ 74.60 ___ _QAI__<:_ _?,<!_ < ?.() ().64 79.9_ _ __ .§!1_1,0 
Wli!~C::~~YOf11:>elowSR4 10/27 F CS ________ 4_4 2.0 1.6 1.08 0.54 2.4 0.01 2.7 , _____ _!!_,() 
Water Canyon belowSR4 10/27 UF CS 12100 2.5 59.9 144.00 0.77 11.1 2.4 1.07 110.0 556.0 
_PotrilloGanyonnearWilite RQck _ 8/9 Uf CS 4170 1.5 _ 62.2 106,00< 0.6.8 2.3 < 3.1 1.11. 127.0 247.0 
£'<J!rfu(,g.lrly(,rJne~rW~it~ RQ.c_k_-____ ~-:__:f9g~£_~-------J.L:< ___ 1_:1_--_-__ 1:3-==:_~ 6.85- ii.69 - < 2.0 o.ci2 2.6 - 13j 
PotrilloCanyonnearWhiteRock 10/23 UF CS 2680 < 1.1 33.4 44.50 0.86 3.5 < 2.0 0.29 50.6 151.0 
Ancho Canyon a!TA-39 8/18 UF CS 7360 2.6 233.0 356.00 < 3.41 5.2 12.1 788.0 5.72 360.0 922.0 
.A.DC:tl() C:~nyon atJA_:~9 1Q@JJF C::§ 1440 _1,~ _.4_9,!l ____ '7_5,1_!)__ _ Q.<j(J _____ <\L 2.4 15_§,() ____ (),92 ___ 96.9 ____ ;262,0 
An~IJQC::.~ny_o_11_f1f!~r~!lllclelier t-IP _1!!1§JJf cs _ _ 48_10_ 2.6 _ _156.0 _____ 2_i(),Q(J < __ ~AL ________ 6_,_2 _ _ _7 Jj__ 505.0 _____ 5.37. 2_1!1,0 ____ 7'16,0 
AnchoCanyon nearBandelierNP 8/18 UF DUP 4830 1.7 151.0 261.00 < 0.11 5.0 7.2 513.0 3.27 227.0 674.0 
Ancho Canyon near Bandelier NP 10/23 UF CS 1800 < 1.1 37.9 62.40 0.46 < 2.4 < 2.0 187.0 0.61 63.7 181.0 
AD"~QQ1lnY()n nellrEl!lll<lelierN_P_ 10/28J,JI'_ __ CS _1110. __ < 1.1_ ___ -~1?,1_ 46.10____ <t?!l < --~"-- 2,4 _12_Q,() 0.47 11}.4 __ , 106.0 
UpPf!rLosAiamosReservoir 8/31 F CS 2000 2.5 5.5 < 0.08 < 0.11 < 2.0 385.0 < 0.03 4.2 10.3 
UpperLosAiamosReservoir 8/31 UF CS 701 3.3 2.6 0.09 < 0.11 < 2.4 < 2.0 183.0 0.39 1.6 2.9 
Los Alamos Reservoir 8/31 F CS 676 2.4 1.8 0.50 < 0.11 < 2.0 179.0 0.05 1.6 2.2 
Los Alamos Reservoir ilt31 UF CS- 2010 3.5' -5:9_____ 4.42- < 0~11 < 2.4- < 2.0 37a.a· 0.27- 4.5 i9::2 
l..osAiamosReservolr____ -------a/31l!F- tit.iP -i9so ___ """2.5 __ - ·5y- 4.2o < o.11 2.2 < 2.a·---377.a·< o.oi- 4.:2------w:-1 
Los Alamos Canyon at SR 4 Weir 7/21 F CS 1870 10.9 5.1 0.37 1.09 < 2.4 < 2.0 416.0 0.36 3.4 4.5 
~Q~N!IIllOS Cany{)D atSR4Weir 7/21 UF __ CS }900 9.2_ ~().4 58.30 (),78_ < ?.4_ < 2.0 598.0 ____ ().87'_ 33.2_ __ 171,0 
LQ!I,A.I~Ill()~C!InYQOat§R4Weir 7/21_ UF DUP ~!l<\0 7.9 29.9 _ 58.10 0.74 < 2.4 < :1.Q 6()2.0 0.64 33.7 165,0 
Rendija Canyon 3rd Crossing · 7i1'i'F · -CS -- - - -- - ---- 0.72 10.70 -_- · - - --(f34 ------- · 
Rendija Canyon 3rd Crossing 7/17 F CS 480 < 10.0 5.0 < 3.00 280.00 < 5.0 < 50.0 160.0 < 10.00 3.7 6.8 
Ren(jij!lC::!lDYOD~rd Crol>sing 7/17 UF CS 16000 < 10.0 ~9.0 160.00 21.00 10.0 < 50.0 1000.0 < !,:!() 35.0 560.0 
Rendija Canyon 3rd Crossln 7ii7 UF -DUP 10000- < 4.2- 45.8- 191.00 25.50 -16.3-~:' 20.4 1000.0 < 7.32- 41.6- 659.0

1 Guaie CaDY()n at SR 502 7/9 F CS 530 13.0 6.9 2.34 5.61 < 2.6 < 20.0 210.0 3.71 3.8 5.3 
(3ualeQIIDYQDatSR5Q2 ___ .. 'l/9l)F __ C§ _17000_ _ 5.8 ____ 14P_ 1209.00_ __1).:21 _.S~ll_< __ 20,0 24()().0 _ _11.:2<1. 13.0 fj3,() 
GY!lie_c::.!lnY_!lll_ at SR 502_____ 9/8' F _ Q_§_ ... _ . 765 5.1 _ _ _ 2.9 0.36 (),§_8___ _ __ -~ 2.0 212.()___ O_j)L_ _ 2.1 3.2 
Gua·e Canvon at SR 502 9/8 UF CS 102000 5.3 826.0 91.50 1.37 < 2.4 12.7 4780.0 4.24 536.0 3610.0 
~rme~sGulchaboveSR501 10/23 F CS _ 576 < 1.1 5.9 6.99 0.21 2.4 134.0 0.02 12.2 37.31 Starme~s Gulch above SR 501 10/23 UF CS 22800 < 1.1 44.6 64.90 0.26 < 2.4 2.4 1030.0 0.29 66.4 454.0 
rv..c;:,..;ileQanyon"t~I'{~QL _ j{>t2~F' --c~ - jil!l <~_ -1.1..: -- T?::.:_: ~gj~_ -_-9.26- _ -- ?.<! ____ i24:r o.Q2- 1.5: _ ---o.~ 
Two-mile Canyon at SR 501 10/23 UF CS 18800 < 1.1 50.2 124.00 0.39 < 2.4 2.4 1140.0 0.81 83.3 . 538.0 
Pajarito Canyon at TA-18 Culvert __ 6/28 F CS 670 13.0 10.0 1.45 5.93 3.9 < 16.0 490c0_ 3.55 2.9 --------.u-

1 Pajarit{)C::!lnyo_n<lti,A.:1!lC::1Jhlert __ ___§@_F DUP _ __ 659 ___ 12.0.__ fj.9_".__ _(),[!§_< 3.48 <_ ~.§<___ 15.]__ ..j91.Q <_ -~~-:n __ 2_.5 ______ 5.0 
Pajarito Canyon at T~:18 Culvert 6/28 UF TOTC 47249 _ 27.4 240.8 689.88 25.16 56.7 223.9 4916.0 20.24 408.1 1574.9 
PajaritoCanyonatSR4Culvert 6/28 F CS 930 16.0 10.0 3.54 6.35 3.8 < 16.0 590.0 3.41 3.6 9.1 
P_aj<lritQC::_a~y{)ll_at§R_4 Qulvef1 _ 6/28 __ UF _TOTC _ 1~1E!3 ____ ~0.3_ 245.!1__ ______ l?f!J,!l9 ...... 1.4.3.2 4§,~- __ 1E!8J 4~01.1_ _:10.23_ ~_!!§.()__ _ 159:;!.9 
(---· 

'v'JaterQIJalityStandards' 
f::PA P_rim<lrvP_ri_n_kirlg_WIIt~Standard ... 
EPA Secondary Drir)k_irlg_ Water Standard 

5o - .Joo._ _ __ 
EPA Action Limit 
EPA Health-Advi~()iy 
NMWOCC LivestoCk Watering Standard 
NMWQCC Groundwater Limit 
N_~W.QC:C:: Wil(jlifef:!~IJitat Stancl_1jr(j 

200 1,000 

"Codes: UF- unfiltered; F- filler9d;c'lf.:CUstOrnei'sa-mple; 6[.Jp -labor ----------­
'Less than symbol (<)means measurement was below the specified I 

'Standards given here for comparison only, see Appendix A. Note tha 
Mexico Livestock Watering and Groundwater limits are based on diss• 
concentrations, whereas many of these analyses are of unfiltered san 
CCl_nce~tration may include_s_uspe~dE!c! sediment quantities, 

200 

-- g 
5.000 

.. 15. 
-. 2§,()()0_:!1(),00() .. __ : _8oj'1_Q__ - 25.ooo 

100 50 
50 50 10,000 

5 

···············---



Box Plots Summarizing Distribution of Runoff Quality Measurements 
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(n = number of analytical results.) 
Figure B-1. Summary of general water quality parameters in unfiltered storm water runoff in 2000. 
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(n =number of analytical results.) 
Figure B-2. Summary of general water quality parameters in filtered storm water runoff in 2000. 
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0.01 

Am-241 Cs-137 Alpha Beta H-3 

N- 59 N =82 N =86 N =86 N= 75 
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Figure B-3. Summary of radionuclides in unfiltered storm water runoff in 2000. 
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Figure B-4. Summary of radionuclides in filtered storm water runoff in 2000. 
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Figure B-Sa. Summary of metals concentrations in unfiltered storm water in 2000. 
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Figure B-Sb. Summary of metals concentrations in unfiltered storm water in 2000 (continued). 
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Figure B-6a. Summary of metals concentrations in filtered storm water in 2000. 
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Figure B-6b. Summary of metals concentrations in filtered storm water in 2000 (continued). 
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Appendix C. Supplemental Review of Selected Chemical Constituents 

C.1 Total Dissolved Solids 

Figure C-1 shows the distribution of TDS concentrations at upstream, onsite, and downstream locations 
for prefire and postfire samples. The highest concentration from samples collected at LANL was 492 mg/L 
from Water Canyon. The highest concentrations of TDS at LANL are from upstream sites, where samples 
have a median concentration of 314 mg/L. Samples collected from onsite and downstream locations have 
generally lower TDS values, with median values of 157 and 252 mg/L, respectively. Many of the samples 
collected onsite were from T A-54, MDA-G, which were not impacted by the fire, and typically are from 
relatively low-flow, small-drainage-area runoff collections sites. Prefire samples collected at upstream 
sites have TDS values from 96 to 128 mg/L; postfire upstream samples have TDS concentrations ranging 
from 187 to 438 mg/L, indicating that samples collected at upstream sites after the fire were significantly 
impacted by increased TDS values in the runoff. 

The TDS concentrations of samples collected onsite after the fire are not significantly different than for 
samples collected before the fire (see Figure C-1). However, the median concentration of samples 
collected at downstream locations after the fire was 252 mg/L, compared with the prefire median 
concentration of 141 mg/L, which indicates a fire-related impact to TDS in runoff at downstream locations. 

0 

600+-------------~-------------4------------~ 

• 500+-------------~--~.~----~---~--~--------~ 

Location and Prefire/Postfire 

Figure C-1. TDS in runoff from upstream, onsite, and downstream locations, prefire and postfire. 

Figure C-2 shows the TDS concentrations for samples collected from each canyon system. The highest 
concentration of TDS in storm water runoff samples was 570 mg/L from Guaje Canyon above SR 502 
during a high-volume runoff event on September 8. For samples collected at LANL, the highest 
distribution of TDS concentrations was from Water Canyon and Canon de Valle. The lowest distribution of 
TDS concentrations is from Ancho and Potrillo Canyons, which were not significantly impacted by the 
Cerro Grande Fire. 
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Figure C-2. TDS concentrations in samples from each canyon system in 2000. 

C.2 Calcium in Runoff 

Figure C-3 shows the distributions of calcium concentrations in unfiltered runoff at upstream, onsite, and 

downstream locations for samples collected before the fire and after the fire. Figure C-4 shows the 

distributions of calcium concentrations in filtered runoff. The maximum concentration of calcium observed 

in runoff before the fire was 140 mg/L, which was collected at the downstream location (gage E230) in 

Canada del Suey. The highest calcium concentration in an upstream runoff sample before the fire was 

6.9 mg/L. After the fire, significantly higher concentrations of calcium are observed in the storm water 

runoff samples. The median concentration of calcium in upstream samples was 407 mg/L and the highest 

concentration was 1110 mg/L, which was from Pajarito Canyon above SR 501 (gage E240) on June 28. 

Runoff samples collected at downstream locations after the fire show similar increases, the median 

concentration at downstream sites after the fire was 558 mg/L and the maximum concentration was 971 

mg/L in a sample from Water Canyon below SR 4 (gage E265) on June 28. The runoff samples collected 

onsite after the fire have a median concentration similar to prefire samples; samples in this concentration 

range are mostly from areas that were not impacted by the fire. Higher concentrations of calcium from 

onsite locations, up to 877 mg/L (collected from Pajarito Canyon at TA-18 on June 28), are obviously 

associated with runoff from fire-impacted areas. 

The distributions of concentrations of dissolved calcium are shown in Figure C-4. The dissolved calcium 

concentrations are significantly lower in filtered samples than in unfiltered for samples collected before 

and after the fire, indicating that the higher concentrations of calcium seen in unfiltered samples are 

typically not dissolved in storm water runoff, but are carried in suspended materials such as ash. Runoff 

samples collected before the fire generally did not contain calcium in concentrations greater than about 

32 mg/L, and the median concentrations at upstream, onsite, and downstream locations were 6.25, 13.5, 

and 11 mg/L, respectively. After the fire, dissolved calcium concentrations were significantly higher, and 

median values at upstream and onsite locations were 58 mg/L, and at downstream locations was 80 

mg/L, about six to eight times higher than prefire concentrations. 
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Figure C-3. Calcium concentrations in unfiltered runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 
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Figure C-4. Calcium concentrations in filtered runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 

Figure C-5 shows the time series of calcium concentrations in unfiltered runoff samples in 2000. The 

highest concentrations of calcium in runoff were from the June 28 runoff event that primarily affected 

Pajarito Canyon and Water Canyon. Calcium concentrations observed in samples from the first runoff 

event after the fire, which impacted Los Alamos Canyon on June 2 and 3, are higher than prefire 

concentrations (see Figure C-3) but not as high as samples from the June 28 and July runoff events. The 

calcium concentration in one sample collected on October 23 from Pajarito Canyon above SR 501 (gage 

E240) was 35.9 mg/L, significantly lower than samples collected on June 28; however, flows were 

commensurately lower on October 23 compared with the June 28 runoff event. As shown in Figure 4-6, 

the calcium concentrations in unfiltered runoff are proportional to the TSS concentration. 
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Figure C-5. Time series of calcium in unfiltered runoff in 2000. 

Figure C-6 shows the distribution of calcium concentrations in unfiltered samples collected from each 
canyon system. The highest distributions of calcium are from Pajarito Canyon and Water Canyon and 
Canon de Valle, which were mainly impacted by the June 28 high-runoff event. Runoff samples collected 
in Guaje and Rendija Canyons contained calcium concentrations of 620 and 300 mg/L, respectively; 
these samples were collected from relatively high runoff events. Runoff samples collected in Los Alamos 
Canyon in 2000 appear to have a significantly lower distribution of calcium values; the highest 
concentration of calcium in Los Alamos Canyon runoff was 410 mg/L, collected on July 9 during a 
relatively inconsequential runoff event (Koch et al. 2001 ). 
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Figure C-6. Calcium in unfiltered runoff from each canyon system. 
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Increased concentrations of calcium in runoff after forest fires have been found to be from ash, soil, and 
sediments remaining after the fire (Bitner et al. 2001; DeBano et al. 1979; Raison et al. 1985). 
Concentrations of calcium in ash from a forest fire were found to be 10 to 50 times greater than the 
calcium concentrations in the unburned litter following a fire (Raison et al. 1985). 

C.3 Cyanide in Runoff 

The summary of cyanide detected in storm water runoff in 2000 is shown in Figure C-7. Total cyanide 
concentrations of 95 samples analyzed ranged from 0.003 to 0.176 mg/L; the highest concentration was 
from Guaje Canyon on July 9. The mean concentration of 52 detects of total cyanide was 0.0176 mg/L. 
There is no surface water standard for total cyanide and all values observed in runoff in 2000 are below 
the NMWQCC ground water standard of 0.2 mg/L and the EPA primary drinking water standard of 0.2 
mg/L. The total cyanide concentrations observed at upstream and onsite locations were not significantly 
different, but the total cyanide concentrations observed at downstream locations were slightly lower (see 
Figure C-7). 

Amenable cyanide is that portion of cyanide that is amenable to chlorination and is toxic to aqueous 
organisms. Of 93 samples analyzed, 10 samples contained detectable amenable cyanide. The detected 
concentrations ranged from 0.003 to 0.062 mg/L, with a mean concentration of 0.008 mg/L. The 
concentrations of amenable cyanide observed at upstream and downstream sites were similar, whereas 
concentrations of amenable cyanide onsite were significantly lower (see Figure C-7). 

Amenable cyanide values were greater than the NMWQCC wildlife watering standards (0.0052 mg/L) in 
three samples from Water Canyon, and possibly in several other samples where the analytical detection 
limits were greater than the standard. Cyanide in its free (amenable), unbound form is toxic to aquatic 
biota and wildlife. However, most of the cyanide observed in storm water runoff in 2000 appears to be in a 
far less toxic form bound with other elements. 
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Figure C-7. Summary of detects of cyanide in runoff by location in 2000. 

Possible sources of the cyanide may have been fire retardant used in the Cerro Grande Fire that contains 
a sodium hexaferrocyanide compound added as an anti-caking additive and as a corrosion inhibitor. 
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According to US Forest Service estimates, approximately 110,000 gallons of fire retardant were dropped 
during the fire suppression efforts (G. Kuyumjian, personal communication 1 0/04/2000). Another 
possibility is that some cyanide may have been naturally created through slow burning or smoldering of 
biomass (e.g., Yolkeson et al. 1997) and then transported in the runoff with the ash. 

Figure C-8 shows the time series of cyanide (total) concentrations in each canyon. Cyanide 
concentrations in runoff were highest in June and July runoff events and declined as the runoff season 
progressed. The highest total cyanide concentrations were measured in Pajarito Canyon and Guaje 
Canyon in high-volume runoff from fire-impacted areas. Significantly lower concentrations were measured 
later in the runoff season. 
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Figure C-8. Time series of cyanide (total) in runoff from each canyon system in 2000. 

C.4 Nitrate in runoff 

Figure C-9 shows the distribution of concentrations of nitrate-nitrite as nitrogen (N03+N02-N) (nitrate) in 
runoff at upstream, onsite, and downstream locations for samples collected before the fire (1997 through 
1999) and in 2000 after the fire. The concentrations of nitrate in two samples from upstream locations 
collected before the fire were both less than 0.05 mg/L; samples collected at upstream locations after the 
fire contained nitrate concentration up to 0.85 mg/L with a median concentration of 0.26 mg/L. The 
highest distribution of nitrate concentrations in historic samples was from samples collected onsite, which 
had a maximum concentration of 2.5 mg/L and a median concentration of 0.55 mg/L. The maximum 
concentration of nitrate in samples collected from onsite locations in 2000 after the fire was 1.27 mg/L in a 
sample from TA-54, MDA-G (gage 249.5, formerly G-4), and the median concentration was 0.4 mg/L, 
slightly lower than observed in prefire samples. The distribution of concentrations of nitrate in runoff 
samples collected from downstream locations after the fire are not significantly different than for samples 
collected before the fire. 
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Figure C-1 0 shows the concentrations of nitrate in runoff for each canyon system throughout the runoff 
season in 2000. The maximum concentration of nitrate in runoff in 2000 was 1.27 mg/L from a mesa top 
collection site at T A-54, MDA-G, which was not impacted by fire. One sample from lower Pueblo Canyon 
(gage E060) downstream of the Los Alamos County Sewage Treatment Plant collected on October 23 
contained 0.64 mg/L. The concentrations of nitrate in runoff do not appear to have been affected by the 
fire. 
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Figure C-9. Distribution of nitrate concentrations in runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 
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Figure C-10. Time series of nitrate concentrations in runoff from each canyon system in 2000. 
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C.S Ammonia in Runoff 

Figure C-11 shows the distribution of concentrations of ammonia (NH3) in runoff at upstream, onsite, and 

downstream locations for samples collected before the fire (data only available for 1999) and in 2000 after 

the fire. No historic ammonia data are available for upstream locations before the fire; samples collected 

at upstream locations after the fire contained ammonia concentrations up to 6.2 mg/L with a median 

concentration of 0. 78 mg/L. The highest concentrations of ammonia in runoff in 2000 were from the large 

June 28 runoff event. The highest concentration of ammonia at upstream locations was from upper 

Canon de Valle (gage E253), and the highest concentration from onsite locations was 5.1 mg/L in a 

sample collected in Pajarito Canyon at TA-18 (gage E18C). The highest concentration at downstream 

locations was 4.9 mg/L in a sample collected from lower Water Canyon (gage E265). The median 

concentrations of ammonia in samples collected onsite (0.1 mg/L) and downstream (0.5 mg/L) were not 

significantly different compared with samples collected before the fire, however, the maximum 

concentrations observed after the fire were higher than before the fire. 

Figure C-12 shows the concentrations of ammonia for each canyon system throughout the runoff season 

in 2000. The highest concentrations of ammonia were observed in runoff events in late June and in July. 

Ammonia concentrations in October were generally less than 1 mg/L. Increased concentrations of 

ammonia in runoff in the two months following the fire may have been related to impacts of fire in the 

upper watershed areas. 
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Figure C-11. Ammonia in runoff at upstream, onsite, and downstream 
locations, prefire and postfire. 
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Figure C-12. Time series of ammonia in runoff from each canyon system in 2000. 

C.6 Americium-241 in Runoff 

The concentrations of americium-241 detected in unfiltered runoff (all discussion is based on alpha 
spectrometry data) range from 0.035 to 20.7 pCi/L with a mean value of 0.374 pCi/L; in filtered runoff the 
detected concentrations of americium-241 ranged from 0.024 to 0.863 pCi/L with a mean value of 0.049. 
The highest concentration of americium-241 in an unfiltered sample was from a sample collected in lower 
DP Canyon on October 12. The highest concentration of americium-241 in a filtered sample was collected 
from TA-54, MDA-G-4, also on October 12. Neither of these samples was related to the effects of the 
Cerro Grande Fire. 

Figure C-13 shows the summary of americium-241 concentrations in unfiltered runoff at upstream, onsite, 
and downstream sites relative to LANL, for both prefire and postfire periods. The data shown for the 
upstream prefire period in Figure C-13 and in the following figures for other radionuclides are 
supplemented with surface water data because only two upstream prefire runoff samples are available for 
comparison with postfire data; the results of the upstream prefire sample for americium-241 were both 
below detection limits. The surface water samples were collected from spring-fed stream reaches in Los 
Alamos Canyon and Pajarito Canyon; none of the prefire upstream samples detected americium-241 in 
concentrations above method detection limits. The upstream surface water and runoff data are shown in 
the following figures for comparison with the 2000 runoff samples collected upstream of the Laboratory. 

The highest concentration of americium-241 from upstream locations in 2000 was 1.61 pCi/L in a sample 
collected from upper Pajarito Canyon (gage E240) on June 28, when a large runoff event occurred. The 
highest concentration from on site locations in 2000 was 20.7 pCi/L in a sample collected from lower DP 
Canyon (gage E040) on October 12. The highest concentration of americium-241 from downstream sites 
was 4.2 pCi/L in a sample collected from lower Water Canyon (gage E265) on July 29. The range of 
concentrations of americium-241 in runoff onsite and downstream after the fire is not significantly different 
than concentrations observed before the fire, and the distributions of concentrations after the fire are 
slightly lower than before the fire (see Figure C-13). 
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Figure C-13. Americium-241 in unfiltered runoff upstream, onsite, 

and downstream, prefire and postfire. 

Figure C-14 shows the concentrations of dissolved americium-241 in runoff at upstream, onsite, and 

downstream locations for prefire and postfire periods. The dissolved concentrations of americium-241 are 

about an order of magnitude lower than the values for unfiltered samples for both onsite and downstream 

locations. The maximum dissolved concentration at upstream sites was 0.044 pCi/L in a sample collected 

from upper Pajarito Canyon (gage E240) on June 28. The maximum concentration from onsite locations 

was 0.863 pCi/L in a sample collected from TA-54, MDA-G (gage E249.5) on October 12. The highest 

concentration at downstream locations was 0.0836 pCi/L in a sample collected from the Los Alamos 

Canyon weir on July 21. The range of dissolved concentrations observed after the fire is not significantly 

different than the concentrations observed before the fire at onsite and downstream locations and the 

distribution of concentrations at upstream, onsite, and downstream locations are approximately similar. 

The maximum concentrations at onsite and downstream locations in 2000 are likely LANL contributions. 

Along the upstream Laboratory boundary, median concentrations of americium-241 in unfiltered waters 

increased by 16 times from prefire levels. Otherwise, the americium-241 data for both filtered and 

unfiltered data indicate that the fire did not have an appreciable effect on americium-241 concentrations in 

runoff, when compared to prior years. 

Figure C-15 shows the summary of concentrations of americium-241 in unfiltered runoff for each canyon 

system. The highest concentration of americium-241 in an unfiltered sample was 20.7 pCi/L, from a 

sample collected in lower DP Canyon, within the Los Alamos Canyon system. The concentrations 

observed in two samples from Guaje and Rendija Canyons (5.55 and 2.0 pCi/L, respectively) were higher 

than most samples collected in canyons at LANL. 
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Figure C-14. Americium-241 in filtered runoff upstream, onsite, 
and downstream, prefire and postfire. 
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C.7 Cesium-137 in runoff 

The concentration of cesium-137 detected in unfiltered samples ranged from 3.6 to 511 pCi/L with a 

median concentration of 3.745 pCi/L; the highest value was from a sample collected in Two-mile Canyon 

(a tributary to Pajarito Canyon) above SR 501, which was a fire-impacted drainage. Cesium-137 was 

detected in only four filtered samples, where the concentration ranged from 3.3 to 62.4 pCi/L with a 

median concentration of 2. 76 pCi/L. The highest concentration measured in filtered samples was from 

TA-54, MDA-G-2, which was not a fire-impacted sample. Three of the filtered runoff samples in which 

cesium-137 was detected were from TA-54 and were not fire related; the only possible filtered fire-related 

sample in which cesium-137 was detected was from lower Los Alamos Canyon at gage E042 on October 

23, where the concentration was 3.33 pCi/L. The results of the analyses for cesium-137 indicate that fire­

related cesium-137 was contained primarily in the unfiltered portion of runoff samples. 

The average concentration of cesium-137 in ash and muck sediments after the fire was 4.4 pCi/g (LANL 

2000b; Katzman et al. 2001), about five times the BV for cesium-137 (0.9 pCi/g) in prefire background 

sediments and soils (Ryti et al. 1998). Flood ash and muck deposits sampled kilometers from the fire­

related source of ash show persistent elevated concentrations of the radionuclide and inorganic 

constituents, including in watersheds unaffected by Laboratory discharges (Katzman et al. 2001). The ash 

and muck carried by the storm water are likely the source of elevated cesium-137 concentrations in the 

storm water runoff. Cesium-137 has been shown to concentrate in ash and sediment up to two times 

pre fire conditions as the result of forest fires (Bitner et al. 2001 ). 

Figure C-16 shows the summary of cesium-137 concentrations in unfiltered runoff at upstream, onsite, 

and downstream sites relative to LANL, for both prefire and postfire periods. The data show that the 

distribution of cesium-137 concentrations in the runoff samples collected upstream of the Laboratory after 

the Cerro Grande Fire are higher than the distribution for upstream samples collected before the fire, with 

several postfire values greater than 100 pCi/L. The distributions of cesium-137 concentrations in samples 

collected onsite and downstream after the fire are not significantly different than for samples collected 

before the fire (see Figure C-16). 
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Figure C-16. Cesium-137 in unfiltered runoff at upstream, onsite, 

and downstream locations, prefire and postfire. 
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Figure C-17 shows the distributions of cesium-137 concentrations in filtered samples collected upstream, 
onsite, and at downstream sites before and after the fire. The results show that cesium-137 
concentrations in filtered runoff were not significantly different after the fire compared with prefire 
samples. The highest concentration of dissolved cesium-137 was in a sample from TA-54, MDA-G, which 
was unrelated to fire effects. 
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Figure C-17. Cesium-137 in filtered runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 
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Figure C-18 shows the distribution of concentrations of cesium-137 in unfiltered runoff for each canyon 
where runoff samples were collected. Cesium-137 concentrations in runoff samples collected from 
Rendija and Guaje Canyons were 267 and 359 pCi/L, respectively, which were some of the highest 
concentrations observed in runoff samples collected after the fire. Prefire data for these canyons are not 
available. The median of values in Pueblo, Los Alamos, and Water Canyon/Canon de Valle are about 10 
pCi/L and values range from about 8 to 20 pCi/L. The median values observed in Canada del Buey and 
Pajarito Canyon are lower, about 2 or 3 pCi/L. 

Figure C-19 shows the time series of cesium-137 concentrations in unfiltered runoff samples from each 
canyon system in 2000. In general, the higher concentrations in samples from each canyon were 
collected in June and July, and concentrations of cesium-137 tended to decrease throughout the runoff 
season. This relationship appears to be valid for Los Alamos Canyon, Water Canyon/Canon de Valle, and 
Guaje/Rendija Canyons. However, the highest concentration of cesium-137 was in a sample collected 
from Two-mile Canyon, a tributary to Pajarito Canyon, on October 23. Other samples collected in Pajarito 
Canyon tended to contain lower concentrations of cesium-1371ater in the runoff season. 

The total mass of cesium-137 in runoff at upstream and downstream sites was calculated by multiplying 
the concentration of cesium-137 in each sample collected by the total volume of flow recorded at each 
gaging station or by the volume of flow estimated by the sampling personnel (see Shaull et al. 2001 and 
Koch et al. 2001, for estimated flow volumes and gaged flow volumes). Figure C-20 shows the calculated 
mass of cesium-137 that passed through upstream and downstream stations in Rendija/Guaje, Pueblo, 
Los Alamos, Canada del Buey, Pajarito, and Canada de Valle/Water Canyons. Upstream samples were 
not obtained in Rendija/Guaje, Pueblo, and Canada de Buey, so data are shown for downstream stations 
only in these canyons in Figure C-18. Data are available for both upstream and downstream stations in 
Los Alamos, Pajarito, and Canon de Valle and Water Canyons. The available data show that the total 
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mass of cesium-137 that was carried onto LANL in 2000 was more than what was carried downstream in 

Pajarito (6.5 mCi) and Los Alamos (0.44 mCi) Canyons. In Water Canyon, slightly more cesium-137 

(0.187 mCi) was carried in runoff at downstream sites than at upstream sites. 
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Figure C-18. Cesium-137 in unfiltered runoff from each canyon system. 
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Figure C-19. Time series of cesium-137 in unfiltered runoff from different canyons in 2000. 
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Figure C-20. Total activity of cesium-137 in runoff at Los Alamos in 2000. 

C.8 Gross Alpha Activity in Runoff 

Gross alpha is a general measure of the total (gross) alpha particle radiation present in a sample. Figure 
C-21 shows the distribution of gross alpha activity in unfiltered runoff at upstream, onsite, and 
downstream locations for both prefire and postfire periods. Figure C-22 shows the gross alpha activity in 
filtered samples. Gross alpha activity in unfiltered samples is one to two orders of magnitude higher than 
in filtered samples. Gross alpha activity in unfiltered samples from upstream locations was higher after the 
fire by about a factor of 10, but the range and distribution of activities at onsite and downstream locations 
after the fire were not significantly different than before the fire. 

The highest gross alpha activity in unfiltered samples from upstream locations in 2000 was 337 pCi/L in a 
sample collected October 23 from upper Water Canyon (gage E252). The highest activity in samples from 
onsite locations was from two samples collected on June 2 from lower DP Canyon (328 pCi/L at gage 
E040) and middle Los Alamos Canyon (268 pCi/L from gage E030). The highest activity in samples from 
downstream locations was 570 pCi/L, which was also collected on June 2 in lower Los Alamos Canyon at 
gage E042. DP Canyon was not affected by the fire, and the highest gross alpha activities do not appear 
to be related to fire effects. However, most runoff samples containing greater than 200 pCi/L gross alpha 
activity were from runoff from fire-impacted areas. 

The highest dissolved gross alpha activities in filtered samples were collected from the large runoff event 
in Pajarito Canyon on June 28. The maximum activity in filtered samples from upstream locations was 3.6 
pCi/L in a sample collected on June 28 in upper Pajarito Canyon at gage E240. Maximum onsite activity 
was 5.7 pCi/L at the TA-18 culvert (gage E18C), and the maximum at downstream locations was 7 pCi/L 
at the SR 4 culvert (location ES4C). This was the largest runoff event at LANL in 2000, which carried the 
most ash, muck, and sediment load, but it is not clear why samples from this runoff event contained the 
highest dissolved gross alpha activity when the highest activities in unfiltered samples were from Los 
Alamos Canyon on June 2 and 3. The distributions of gross alpha activities dissolved in runoff at onsite 
and downstream locations after the fire are not substantially different from activities in runoff before the 
fire (see Figure C-22). 
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Figure C-21. Gross alpha activity in unfiltered runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 
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Figure C-22. Gross alpha activity in filtered runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 
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Figure C-23 shows the gross alpha activity in unfiltered runoff samples related to the concentrations of 

TSS in the runoff. In general, the higher-TSS-concentration samples contained higher total radioactivity. 

Samples collected during an intense short-lived runoff event will generally contain higher total alpha 

activity levels than samples collected from the same location under slower flows with less sediment­

carrying power. While some of the gross alpha activity in 2000 was associated with ash-laden runoff from 

fire-impacted areas, the relationship with TSS is also observed in prefire runoff samples. 
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Figure C-23. Gross alpha activity vs TSS concentrations in unfiltered runoff. 

Regression analysis of TSS concentration and gross alpha activity for all runoff data show an R-squared 
value of 0.27, which does not indicate a significant correlation. R-squared values for samples collected at 
upstream, onsite, and downstream locations are 0.52, 0.19, and 0.14, respectively. The R-squared value 
for samples with TSS concentrations less than 5000 mg/L is 0.52, while the R-squared value for TSS 
concentrations greater than 5000 mg/L is 0.03. It is obvious that the higher TSS concentrations in high­
volume runoff do not contain similarly high gross alpha activities (see Figure C-23). This is likely because 
higher-runoff volumes with the higher TSS concentrations contain larger-sized particles such as sand and 
pebble-sized grains of quartz and other minerals that do not have as high gross alpha concentrations as 
smaller-sized materials. 

Figure C-24 shows the distributions of gross alpha activity in unfiltered runoff samples from each canyon 
system. As mentioned previously, the highest concentrations of gross alpha activity were from Los 
Alamos Canyon; however, the canyon system with the highest median activity (423.5 pCi/L) was 
Guaje/Rendija, followed by Water Canyon/Canon de Valle with a median activity of 165 pCi/L. The higher 
gross alpha activities in each canyon are in runoff from fire-impacted areas. One sample from Pueblo 
Canyon collected on October 27 contained relatively low gross alpha activity. 

Figure C-25 shows the time series of gross alpha activity in unfiltered runoff throughout the 2000 runoff 
season for samples from each canyon system. The time-series data show that activity in runoff decreased 
throughout the runoff season until October when some samples from Water Canyon and Pajarito Canyon 
contained up to 457 pCi/L. The higher water-borne gross alpha activities generally do not indicate that 
some new contaminant source contributed to increased radioactivity levels, but that more sediment was 
transported in these higher-runoff volume storm events after the fire. 
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Figure C-24. Gross alpha activity in unfiltered runoff from each canyon system. 
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Figure C-25. Time series of gross alpha activity in unfiltered runoff from each canyon system. 

C.9 Gross Beta Activity in Runoff 

Gross beta is a general measure of the total (gross) beta radiation present in a sample. Figure C-26 

shows the distribution of gross beta activity in unfiltered runoff at upstream, onsite, and downstream 
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locations for both prefire and postfire periods. Figure C-27 shows the gross beta activity in filtered 
samples. Gross beta activity in unfiltered samples is about one order of magnitude higher than in filtered 
samples. Gross beta activity in unfiltered samples from upstream locations was higher after the fire by 
about a factor of 100, but the range and distribution of activities at on site and downstream locations after 
the fire were not significantly different than before the fire. 

The highest gross beta activity in unfiltered samples from upstream locations in 2000 was 670 pCi/L in a 
sample collected June 28 from upper Pajarito Canyon (gage E240). The highest activity in samples from 
on site locations was 593 pCi/L from a sample collected on June 28 from Pajarito Canyon at the T A-18 
culvert (gage E18C). The highest activity in samples from downstream locations was 930 pCi/L in a 
sample from lower Los Alamos Canyon at gage E042 collected on June 2. The higher gross beta 
activities (over 300 pCi/L) in unfiltered runoff are from fire-impacted areas. 
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Figure C-26. Gross beta activity in unfiltered runoff from upstream, onsite, 
and downstream locations, prefire and postfire. 

The highest dissolved gross beta activities in filtered runoff samples were collected from the large runoff 
event on June 28. The maximum activity in filtered samples from upstream locations was 28.8 pCi/L in a 
sample collected on June 28 in upper Pajarito Canyon at gage E240. Maximum onsite activity was 47.2 
pCi/L from Pajarito Canyon near G-1 (manual sample EPG1), and the maximum activity from downstream 
locations was 47.3 pCi/L at the SR 4 culvert (location ES4C). The distributions of gross beta activities 
dissolved in runoff at onsite and downstream locations after the fire are not significantly different from 
activities in runoff before the fire (Figure C-27). 

Figure C-28 shows the gross beta activity in unfiltered runoff samples compared with the concentrations 
of TSS in the runoff. In general, the higher-TSS-concentration samples contained higher total 
radioactivity. Samples collected during an intense short-lived runoff event will generally contain higher 
total beta activity levels than samples collected from the same location under slower flows with less 
sediment carrying power. While some of the gross beta activity in 2000 was associated with ash-laden 
runoff from fire-impacted areas, the relationship with TSS is also observed in prefire runoff samples. 
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Figure C-27. Gross beta activity in filtered runoff from upstream, onsite, 

and downstream locations, prefire and postfire. 
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Figure C-28. Gross beta activity vs TSS concentrations in unfiltered runoff. 

Regression analysis of TSS concentration and gross beta activity for all runoff data show an R-squared 

value of 0.27, which does not indicate a significant correlation. R-squared values for samples collected at 

upstream, onsite, and downstream locations are 0.46, 0.18, and 0.11, respectively. The R-squared value 

for samples with TSS concentrations less than 5000 mg/L is 0.57, while the R-squared value for TSS 

concentrations greater than 5000 mg/L is 0.02. It is obvious that the higher TSS concentrations in high­

volume runoff do not contain similarly high gross beta activities (see Figure C-28). This is likely because 

higher runoff volumes with the higher TSS concentrations contain larger-sized particles such as sand and 
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pebble-sized grains of quartz and other minerals that do not have as high gross beta activities as smaller­
sized materials. 

Figure C-29 shows the gross beta activity of unfiltered runoff samples from each canyon system in 2000. 
The canyons with the highest activity were Rendija Canyon (1054 pCi/L) and Guaje Canyon (685 pCi/L). 
At LANL, runoff from Water Canyon contained the highest median concentration of about 300 pCi/L, 
followed by Los Alamos Canyon with 177 pCi/L. All samples that contained greater than 300 pCi/L were 
from runoff from fire-impacted areas or from DP Canyon. 
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Figure C-29. Gross beta activity in unfiltered runoff from each canyon system. 

Figure C-30 shows the time series of gross beta activity in unfiltered runoff throughout the 2000 runoff 
season for samples from each canyon system. The time-series data show that activity in runoff decreased 
throughout the runoff season until late in October when some samples from Water Canyon and Pajarito 
Canyon contained up to 700 pCi/L. The higher water-borne gross beta activities do not indicate that some 
new contaminant source contributed to increased radioactivity levels, but that more sediment was 
transported in the higher runoff volume storm events after the fire. 

The analyses of radionuclides in storm runoff indicate that most alpha and beta activities in the runoff 
samples are accounted for by naturally occurring potassium, uranium, and thorium isotopes and their 
daughter decay products. These daughter products are not measured by the analyses (and often are 
short-lived), but can be calculated from the measured uranium and thorium concentrations. The decay 
products account for most of the gross alpha and gross beta radiation measured in the runoff. Within the 
accuracy of the analytical methods, the levels of gross alpha and gross beta radiation observed in these 
runoff samples can be attributed to high suspended sediment loads (from erosion) and naturally occurring 
levels of potassium, thorium, and uranium, along with their daughter products, carried in that sediment. 
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Figure C-30. Time series of gross beta activity in unfiltered runoff from each canyon system. 

C.10 Tritium in Runoff 

Tritium concentrations in 75 unfiltered storm water runoff samples collected in 2000 ranged from below 

detection limits to 1870 pCi/L. The highest concentrations were from T A-54, MDA-G gage E227 (formerly 

G-6) in a tributary to Canada del Buey where the tritium concentration in runoff was 1730 pCi/L (duplicate 

sample 1710 pCi/L) on August 18 and 1870 pCi/L on October 11. A sample from TA-54, MDA-G, gage 

E248 (formerly G-2) collected on October 11 contained a tritium concentration of 864 pCi/L. All other 

concentrations of tritium in runoff were generally below 600 pCi/L and the median concentration of all 

samples was 122 pCi/L. The median concentration of 11 detected values was 500 pCi/L. 

C.11 Lead-210 in Runoff 

The analyses of lead-21 0 in runoff samples were performed using the gamma spectroscopy laboratory 

method for samples collected in June, July, and up until the middle of September. This laboratory method 

produced results with MDAs of several hundred (up to nearly 900) pCi/L, and only 3 of 28 unfiltered 

samples contained detectable lead-210. These detections were 840 pCi/L (uncertainty 332 pCi/L) in a 

sample collected in Guaje Canyon on September 8; 652 pCi/L in a sample collected August 12 from lower 

Water Canyon (gage E265), and 655 pCi/L in a sample collected August 18 from lower Canada del Buey 

(gage E230). 

After the middle of August most analyses for lead-210 were performed using the gas proportional 

counting laboratory method and results were generally less than 50 pCi/L with minimum detectable 

activities generally less than 3 pCi/L. The distribution of lead-210 concentrations in unfiltered runoff in 

2000 is shown in Figure C-31 (historical data for lead-210 before the fire are not available}. The normal 

distribution of concentrations at upstream locations ranged up to 60 pCi/L with an outlier concentration of 

106 pCi/L in a sample collected from Water Canyon (gage E252) on October 23. The concentrations of 
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lead-21 0 in samples collected onsite were significantly lower, where the highest concentration was 28.8 
pCi/L in a non-fire related sample collected at TA-54, MDA-G, on August 18. The highest concentration of 
lead-210 was 120 pCi/L in a sample collected in lower Water Canyon (gage E265) on October 27. 

The median upstream concentration was 36.2 pCi/L, the median onsite concentration was 5.48 pCi/L, and 
the median downstream concentration of lead-210 was 16.7 pCi/L. In the absence of historicallead-210 
data, insufficient data are available to assess the fire-related runoff data characteristics in 2000. 

140 

:::J 120 - • 0 100 
c. -c 80 

0 
:.;:::; 60 
ca I I I ..... - 40 c I I I I C1) 0 
(..) 20 
c • 
0 0 

I 

0 Ups ream On site uowns1recur 

-20 N=7 N = 11 N = 11 

Location 

Figure C-31. Distribution of lead-21 0 in runoff at upstream, onsite, 
and downstream locations in 2000. 

C.12 Plutonium-238 in Runoff 

Figure C-32 shows the distribution of plutonium-238 in unfiltered runoff for samples collected prefire and 
postfire, and at upstream, onsite, and downstream locations relative to the Laboratory. Before the fire, 
only two upstream runoff samples had been analyzed for radionuclides, and the results of these samples 
for plutonium-238 were both below the detection limit. Therefore, available surface water data from 
upstream locations were included in Figure C-32 for comparison purposes; although results of all 
analyses were less than three times the uncertainty. All other data shown in Figure C-32 are from runoff 
samples. 

Plutonium-238 concentrations in unfiltered runoff at upstream locations in 2000 ranged from below 
detection limits to 0.36 pCi/L; plutonium-238 was not detected in any upstream samples collected before 
the fire. Samples collected onsite ranged from 0.012 to 7.61 pCi/L. The highest concentration of 
plutonium-238 at onsite locations was from T A-54, MDA-G-3 (gage E248.5), which was not affected by 
fire. Samples collected from lower DP Canyon at gage E040 contained up to 0.878 pCi/L, which were 
also not affected by the fire. Runoff samples collected at downstream stations in 2000 contained 
plutonium-238 ranging from 0.03 to 2.86 pCi/L. The highest concentration was collected from lower 
Canada del Suey at gage E230 on August 9. Samples collected at the downstream stations before the 
fire contained a similar range and median value for plutonium-238 in unfiltered runoff (Figure C-32). 
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Figure C-32. Plutonium-238 in unfiltered runoff prefire and postfire at 
upstream, onsite, and downstream stations. 

Figure C-33 shows the summary of plutonium-238 in filtered runoff for samples collected prefire and 
postfire, at upstream, onsite, and downstream stations. The concentrations in filtered samples are less 

than those observed in unfiltered samples and at upstream and downstream locations were mostly below 
detection limits. The one detection from onsite locations was 0.057 pCi/L in a sample collected from the 

Pajarito Canyon Retention Pond on August 24. The highest concentrations of plutonium-238 in filtered 

samples were from downstream stations in Pueblo Canyon (0.111 pCi/L) and Los Alamos Canyon (0.125 

pCi/L from the weir above SR 4). No significant differences in the distribution of dissolved plutonium-238 

· are observed in samples collected before the fire and after the fire. Prefire and postfire filtered samples 

collected downstream of the Laboratory have slightly higher median concentrations of plutonium-238 than 

upstream and onsite samples, indicating a probable LANL contribution to plutonium-238 concentrations, 

mainly in Pueblo and Los Alamos Canyons. The distribution of dissolved concentrations and the mean 

concentration in samples from downstream locations in 2000 are lower than observed before the fire. 

Figure C-34 shows the summary of plutonium-238 in unfiltered runoff for each canyon system. The 
largest range of concentrations is observed in Los Alamos Canyon (including DP Canyon), where 
concentrations of plutonium-238 in unfiltered runoff ranged from below the detection limit to 0.878 pCi/L. 

The highest distribution of plutonium-238 is observed in Guaje and Rendija Canyons where runoff 
samples contained up to 1.23 pCi/L. The median concentrations observed in Guaje/Rendija Canyons are 

significantly higher than the median concentrations observed for samples collected at the Laboratory (see 

Figure C-34). The runoff in Rendija and Guaje Canyons was substantially affected by the fire. Runoff 
samples collected in Canada del Buey, Pajarito Canyon, Water Canyon, and Canon de Valle appear to 

contain approximately similar distributions of plutonium-238 concentrations. 
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Figure C-33. Plutonium -238 in filtered runoff prefire and postfire at 
upstream, onsite, and downstream stations. 
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Figure C-34. Plutonium-238 in unfiltered runoff samples from each canyon system in 2000. 
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Figure C-35 shows the time series of plutonium-238 in unfiltered runoff from each canyon system in 2000. 

The higher concentrations are from samples collected in August, and for the major canyons including Los 

Alamos Canyon, Pajarito Canyon, and Water Canyon, similar concentrations are observed throughout the 

runoff season. 
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Figure C-35. Time series of plutonium-238 in unfiltered runoff from each canyon system in 2000. 

C.13 Plutonium-239,240 in runoff 

The distributions of plutonium-239,240 concentrations in unfiltered runoff samples at upstream, onsite, 

and downstream locations for prefire and postfire samples are summarized in Figure C-36. The highest 

concentration of plutonium-239,240 observed in upstream samples after the fire was 5 pCi/L at the 

upstream Los Alamos Canyon site (gage E025) on July 18, 2000. Concentrations >1 pCi/L were also 

observed at upstream sites in Pajarito Canyon (4.4 pCi/L on June 28), Canon de Valle (2.45 pCi/L on 

October 23), Water Canyon (1.15 pCi/L on October 23), and Two-mile Canyon (1.09 pCi/L on October 

23). The median concentration at upstream sites was 1.0 pCi/L, significantly higher than the prefire 

samples, in which no detections of plutonium-239,240 were observed from 1995 to 1999. 

The highest concentration of plutonium-239,240 from onsite locations was 13.5 pCi/L in a sample from 

middle Los Alamos Canyon above DP Canyon (gage E030) collected on June 2, 2000. The median value 

of samples collected onsite after the fire was 0.284 pCi/L, lower than the prefire median concentration of 

0.687 pCi/L. The highest concentrations of plutonium-239,240 from downstream locations were from 

lower Pueblo Canyon (at gage E060) and lower Los Alamos Canyon (gage E042). The highest 

concentration at downstream sites after the fire was 22.77 pCi/L in a sample from lower Los Alamos 

Canyon collected on July 9, 2000. The samples collected at downstream locations after the fire have a 

similar range and distribution as samples collected before the fire, but maximum concentrations in runoff 

after the fire were slightly higher than before the fire. 
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The unfiltered plutonium-239,240 runoff data show that higher concentrations are observed at upstream 

sites after the fire, but higher maximum concentrations at onsite and downstream locations indicate a 

probable LANL contribution of plutonium-239,240 to runoff across Laboratory property. 

The distributions of plutonium-239,240 concentrations in filtered runoff samples at upstream, onsite, and 

downstream locations for prefire and postfire samples are summarized in Figure C-37. Dissolved 
plutonium-239,240 concentrations are generally about an order of magnitude lower than in unfiltered 

samples. Five samples from upstream locations collected before the fire did not contain detectable 
dissolved plutonium-239,240; similarly, after the fire, none of 15 samples detected plutonium-239,240. 
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Figure C-36. Plutonium-239,240 in unfiltered runoff prefire and postfire at 
upstream, onsite, and downstream stations. 

The median concentrations of dissolved plutonium-239,240 detected at onsite and downstream locations 

were 0.050 and 0.064 pCi/L, respectively, and the distributions of concentrations at these locations were 

similar to prefire distributions, but higher dissolved concentrations of plutonium-239,240 were observed in 

runoff at downstream locations before the fire (the four highest dissolved concentrations at downstream 

sites before 2000 were from lower Los Alamos Canyon). The highest concentration of dissolved 

plutonium-239,240 at onsite locations was 0.0517 pCi/L in a sample from TA-54, MDA-G (gage E249.5), 

and the highest concentration at downstream sites was 0.169 pCi/L in a sample collected from lower 

Pueblo Canyon (gage E060) on October 27. 

Figure C-38 shows the distribution of plutonium-239,240 in unfiltered runoff for each canyon system for 

2000. Runoff samples collected in Pueblo Canyon had the highest plutonium-239,240 concentrations that 

ranged from 15.1 to 22.8 pCi/L. Samples from Guaje and Rendija Canyons contained similar 
concentrations that in three samples ranged from 7.6 to 17.7 pCi/L. Of 17 samples collected in Los 
Alamos Canyon, three samples contained plutonium-239,240 in concentrations greater than 10 pCi/L. 

Samples collected in Canada del Suey contained the lowest concentrations of plutonium-239,240, well 

below 1 pCi/L. Samples from Pajarito Canyon, Water Canyon, and Canon de Valle contained less than 

5 pCi/L. 
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Figure C-37. Plutonium-239,240 in filtered runoff prefire and postfire at 
upstream, onsite, and downstream stations. 
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Figure C-38. Plutonium-239,240 in unfiltered runoff in each canyon system. 
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Figure C-39 shows the time series of plutonium-239,240 concentrations in unfiltered runoff from each 

canyon in 2000. In Los Alamos Canyon, the concentrations observed in June and July are similar to 

concentrations observed in October. In some canyons such as Pajarito Canyon, Water Canyon, and 

Guaje/Rendija Canyons, higher concentrations are present in June and July and concentrations appear to 

decrease slightly throughout the runoff season. The concentrations may be related to the volume of runoff 

from fire-related areas. 
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Figure C-39. Time series of plutonium-239,240 in unfiltered runoff from 
each canyon system in 2000. 

Figure C-40 shows the distribution of plutonium-239,240 concentrations in unfiltered runoff in Los Alamos 

Canyon at upstream, onsite, and downstream locations throughout the runoff season. The median 

concentration at the upstream site (gage E025) was 0.60 pCi/L, at onsite stations (gage E030 in Los 

Alamos Canyon and gage E040 in DP Canyon) was 3.72 ~g/L, at the downstream location (E042) was 

5.49 pCi/L. The runoff data indicate a LANL contribution of plutonium-239,240 to runoff in Los Alamos 

Canyon. 

C.14 Strontium-90 in Runoff 

The distribution of strontium-90 concentrations in unfiltered runoff samples at upstream, onsite, and 

downstream locations for prefire and postfire samples are summarized in Figure C-41. The highest 

concentration of strontium-90 observed in upstream samples after the fire was 59.2 pCi/L from upper 

Pajarito Canyon (gage E240) on June 28. The median concentration observed at upstream locations after 

the fire was 12.1 pCi/L, slightly higher than the one detected value (8.9 pCi/L) obtained before the fire. 

The highest concentration of strontium-90 in unfiltered runoff from onsite locations after the fire was 75.4 

pCi/L in a sample from Pajarito Canyon at the TA-18 culvert (gage E18C) collected on June 28. The 

median concentration from onsite locations after the fire was 0.83 pCi/L. Runoff samples collected at 

onsite stations after the fire have a significantly lower concentration distribution compared with samples 

collected before the fire; however, the range of concentrations in onsite postfire samples is similar to 

those observed before the fire. 
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Figure C-40. Distribution of plutonium-239,240 in unfiltered runoff in 2000 at 
upstream, onsite, and downstream locations. 

The highest concentration of strontium-90 in unfiltered runoff at downstream locations was 62.1 pCi/L in a 
sample from Water Canyon below SR 4 (gage E265) collected on June 28. The mean concentration of 
downstream samples in 2000 was 7. 7 pCi/L. The range of strontium-90 concentrations in samples 
collected at downstream locations after the fire is similar to samples collected before the fire but the 
distribution of concentrations appears to be lower after the fire (see Figure C-41 ). The differences 
observed in the concentration distributions between prefire and postfire samples at onsite and 
downstream locations may be the result of using laboratory methods that have lower detection limits in 
2000, which tends to skew the concentration distribution patterns to lower values. 
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Figure C-41. Strontium-90 in unfiltered runoff at upstream, onsite, 
and downstream locations, prefire and postfire. 
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The distributions of dissolved strontium-90 concentrations in filtered runoff samples at upstream, onsite, 

and downstream locations for prefire and postfire samples are summarized in Figure C-42. The highest 

concentration of strontium-90 observed in upstream filtered samples after the fire was 5.07 pCi/L in a 

sample from upper Water Canyon (gage E252) on October 23. Strontium-90 was not detected in two 

upstream runoff samples collected before the fire. The maximum concentration of dissolved strontium-90 

in 2000 was 26.6 pCi/L in a sample collected from discharge from the Los Alamos Canyon weir above SR 

4 on July 21. The range and distribution of dissolved strontium-90 concentrations in runoff collected after 

the fire at downstream locations does not appear to be significantly different than for samples collected 

before the fire. 
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Figure C-42. Strontium-90 in filtered runoff at upstream, onsite, 

and downstream locations, prefire and postfire. 
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Figure C-43 shows the distribution of strontium-90 in unfiltered runoff collected from each canyon system. 

The highest concentrations of strontium-90 in runoff in 2000 were collected in Guaje and Rendija 

Canyons, samples from which contained 80.8 and 73 pCi/L, respectively. Canyon systems at LANL that 

contain strontium-90 in concentrations above 1 pCi/L include Pueblo, Los Alamos, Pajarito, and Water 

Canyon/Canon de Valle. Samples from Sandia Canyon and Canada del Suey contained generally less 

than 1 pCi/L strontium-90. The higher concentrations of strontium-90 in Pajarito Canyon and Water 

Canyon are from the large June 28 runoff event. The higher concentrations of strontium-90 in runoff in 

2000 are associated with runoff from fire-impacted areas. 

Figure C-44 shows the concentrations of strontium-90 in unfiltered runoff for each canyon system in a 

time series throughout the 2000 runoff season. The highest concentrations of strontium-90 in each 

canyon system were from the initial runoff events, and subsequent runoff events tended to have lower 

concentrations, suggesting that strontium-90 was primarily carried in ash suspended in runoff. The first 

runoff event on June 2 and 3 was primarily in Los Alamos Canyon, where concentrations of strontium-90 

in unfiltered runoff were up to 80.8 pCi/L. Subsequent runoff events in Los Alamos Canyon did not 

contain greater than 40 pCi/L strontium-90. The next major runoff event on June 28 primarily involved 

Pajarito Canyon and Water Canyon/Canon de Valle where strontium-90 concentrations ranged up to 75.4 

pCi/L in Pajarito Canyon and 62.1 pCi/L in Water Canyon. Subsequent runoff events in these canyons did 

not contain greater than 15 pCi/L. 
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Figure C-43. Strontium-90 in unfiltered runoff in each canyon system. 
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Figure C-44. Time series of strontium-90 in unfiltered runoff from each canyon system. 
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Figure C-45 shows the total activity of strontium-90 that was carried in runoff at upstream and 

downstream locations in each canyon system at LANL. Each of the canyons that have upstream sampling 

stations show that more strontium-90 was carried in runoff entering LANL from upstream fire-impacted 

areas than flowed downstream from LANL. The highest activities of strontium-90 were measured in the 

Water Canyon/Canon de Valle system, where 5.7 mCi passed through upstream stations and 1.7 mCi 

passed through the downstream station. Similarly, 3.5 mCi strontium-90 flowed through the upstream 

station in Pajarito Canyon and 0.3 mCi passed through the downstream station. The bulk of this activity 

was associated with the large runoff event on June 28. In Los Alamos Canyon approximately 0.34 mCi 

entered the Laboratory at gage E025 and approximately 0.21 mCi passed through the downstream 

station at gage E042. 

Pueblo Los Alamos CDB Pajarito Potrillo Water/CDV 

Canyon System 

Note: CDB = Canada del Buey; CDV = Canon de Valle. 

Figure C-45. Total activity of strontium-90 in runoff at upstream and downstream locations. 

Canada del Buey and Potrillo Canyons have similar watersheds that are smaller in area than Pajarito and 

Water Canyons and correspondingly smaller activities of strontium-90 flowed downstream. Potrillo 

Canyon was not affected by fire and has the least amount of activity (0.0011 mCi) in runoff at the 

downstream station; the upper part of Canada del Buey was affected by the fire and has slightly more 

activity (0.0016 mCi) of strontium-90 in runoff at the downstream station. 

The runoff data indicate that a total of approximately 9.6 mCi of strontium-90 entered the Laboratory from 

areas affected by the Cerro Grande Fire and a total of approximately 2.4 mCi left LANL in runoff at 

downstream locations. The data indicate that approximately 7.2 mCi of strontium-90 were deposited in 

canyon floor sediments at LANL, and most amounts were deposited in Water Canyon and Pajarito 

Canyon. The Los Alamos Reservoir in upper Los Alamos Canyon provided a catchment for runoff from 

burned areas in the upper watershed and may have trapped sediment and strontium-90 in the upper 

canyon, reducing the amount available to flow onto LANL. 
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C.15 Uranium in Runoff 

The distribution of uranium in unfiltered runoff samples at upstream, onsite, and downstream locations for 
prefire and postfire samples is summarized in Figure C-46. The highest concentration of uranium in 
upstream samples after the fire was 21.5 11g/L at gage E025 in Los Alamos Canyon on July 18. In 
upstream samples collected before the fire, uranium was not detected in two runoff samples and was 
detected in only two surface water samples, where the highest concentration was 0.2 11g/L in a sample 
collected from the Los Alamos Canyon Reservoir. The runoff samples collected before the fire were 
relatively low volume, low TSS samples compared with the higher volume, and higher TSS runoff 
samples collected after the fire. The lack of comparable prefire upstream runoff data for uranium 
precludes an accurate comparison of upstream uranium concentration distributions, however, after the 
fire, the median concentration of 15 samples was 2.82 11g/L, which suggests a possible impact associated 
with the fire. 

The distributions of uranium concentrations in unfiltered samples after the fire at upstream and onsite 
locations are not significantly different, and these distributions are similar to the distribution of uranium 
concentrations from samples collected before the fire at onsite locations (Figure C-46). The highest 
uranium concentration observed in unfiltered runoff from downstream sites before the fire was 170 11g/L in 
a sample from lower Ancho Canyon (gage E275) collected on June 18, 1999. After the fire, the highest 
concentration of uranium in unfiltered runoff samples was 146 11g/L, in a sample from lower Water 
Canyon (gage E265) collected on July 29 (duplicate analysis was 115 11g/L) (both of these locations are 
downstream of explosive testing sites at LANL). The next highest uranium concentration was 68.4 11g/L, in 
a sample collected from lower Los Alamos Canyon (gage E042), on July 9. The precipitation event on 
July 29, 2000, was mainly over the central and eastern part of the Pajarito Plateau and did not 
significantly affect upstream fire-impacted areas (Koch et al. 2001). 

The distributions of uranium in runoff at onsite and downstream locations after the fire are similar to the 
distributions observed before the fire. The median uranium concentrations in unfiltered runoff at onsite 
and downstream locations were 2.27 and 7.0911g/L, respectively, also similar to prefire median 
concentrations. The maximum onsite concentrations after the fire are similar to the maximum 
concentrations measured in upstream samples after the fire, indicating a similar provenance of the runoff 
from fire-impacted areas. However, the data show an increase in median and maximum concentrations of 
uranium in samples collected from downstream sites compared with upstream and onsite locations 
(Figure C-46), which likely reflects a contribution from LANL impacts. However, this increase at 
downstream locations may result from Laboratory impacts or may be partially due to the higher natural 
background concentration of uranium in Unit 1 v of the Tshirege Member of the Bandelier Tuff, which 
contains about three times higher concentrations of uranium than other units of the Bandelier Tuff (Ryti et 
al. 1998). Unit 1v outcrops in the central and eastern portions of the Pajarito Plateau and likely 
contributes a higher percentage of material to suspended sediment at downstream locations. 

The distribution of uranium concentrations in filtered runoff is summarized in Figure C-47. The dissolved 
uranium concentrations are about an order of magnitude lower than total concentrations in unfiltered 
samples (see Figures C-46 and C-47). Dissolved uranium was not detected in four runoff samples 
collected at upstream locations before the fire. After the fire, the highest dissolved uranium concentration 
from an upstream site was 4. 7 4 11g/L at gage E025 in Los Alamos Canyon on July 18, 2000, and the 
median concentration of 12 samples was 0.7611g/L. The increased concentration of dissolved uranium in 
upstream samples appears to be fire-related and may be attributable to geochemical changes in the 
runoff caused by increased concentrations of metals and inorganics in the ash (e.g., Longmire et al. 
2001). 
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Figure C-46. Uranium in unfiltered runoff at upstream, onsite, and 
downstream locations, prefire and postfire. 
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Figure C-47. Uranium in filtered runoff at upstream, onsite, and 

downstream locations, prefire and postfire. 

The distributions of dissolved uranium concentrations at onsite stations before and after the fire are 

similar, but the maximum concentrations at onsite locations are about an order of magnitude higher than 

prefire maximum concentrations, and similar to maximum concentrations measured at upstream locations 

after the fire, suggesting a similar provenance for these samples in upstream fire-impacted areas. The 

highest concentration of dissolved uranium at onsite locations was 6.34 11g/L in a sample collected from 

Pajarito Canyon at the TA-18 culvert (gage E18C). Of four other samples from onsite locations that 

contained >1 11g/L dissolved uranium, three samples were from Pajarito Canyon and one sample was 

from Water Canyon. 
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The highest concentration of dissolved uranium at downstream sites in 2000 after the fire was 8.37 r.tg/L 
in a sample collected from Pajarito Canyon at the SR 4 culvert on June 28. Before the fire, the highest 
downstream concentration was 9.5 r.tg/L in a sample from Ancho Canyon collected in 1995. The 
distribution of dissolved uranium concentrations at downstream sites after the fire is higher than before 
the fire, with a postfire median concentration of 1.35 r.tg/L, about twice the prefire median concentration of 
0.70 r.tg/L (see Figure C-47). The higher concentrations of dissolved uranium in runoff collected from 
downstream locations after the fire are similar to the higher concentrations measured at upstream and 
onsite locations and are associated with runoff from upstream fire-impacted areas. However, some 
contribution at downstream locations may be associated with LANL impacts and/or with Unit 1v of the 
Tshirege Member of the Bandelier Tuff, which contains higher concentrations of uranium, as mentioned 
above. 

Figure C-48 shows the distribution of uranium in unfiltered runoff collected from each canyon system. The 
highest concentrations of uranium in runoff in 2000 were collected at the downstream location in Water 
Canyon (gage E265). Other canyons where runoff samples contained uranium concentrations over 50 
r.tg/L were Guaje and Los Alamos Canyons. The canyon at LANL with the highest median dissolved 
uranium concentration was Ancho Canyon with 8.99 r.tg/L. 
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Figure C-48. Uranium in unfiltered runoff from each canyon system. 

Figure C-49 shows the time series of concentrations of uranium in unfiltered runoff from each canyon 
system in 2000. Maximum concentrations are from samples collected in July and August from Water 
Canyon and Guaje Canyon. Most unfiltered uranium concentrations throughout the runoff season were 
less than 20 r.tg/L and a systematic pattern in uranium concentrations in runoff potentially relating to fire­
impacts is not obvious. After August 1, the average concentration of uranium in unfiltered runoff was 
5 r.tg/L, similar to the prefire average of 5.8 r.tg/L. 

C-36 



160 r·· - ···· 

0 • LosAiamos 

140 ~-------------------------------1 q canada del Suey 

!\ Pajarito 

Potrillo 120 ~---------.,.----------------------1 
.0 

c Water/CDV 

- 100 • Ancho 

~ • ~ • Guaje 

~ sor-------------------------------~~-~-~-~-P~re~fire~A~~~~---~ 

i 
~ 

g 60~----------------------------------------------~ s 
40~------------------------------------

----------~ 

0 

20~-------------~·--~----~----------------------~ 

t--- -~g:-------· .. -~---~0-~~-/--- illl! --A_·--d 
0 t--------A,-----ff)o--IIP I ' ~ '-----111-----"'"------,----,~tr----'l"!i:"""o' 

6/1/00 711100 8/1/00 8/31/00 10/1/00 10/31/00 

Date 

Note: Figure shows unfiltered results from upstream, onsite, and downstream locations in each canyon. 

COB = Canada del Buey; CDV ~ Canon de Valle. 

Figure C-49. Time series of uranium in unfiltered runoff from different canyon systems in 2000. 

Figure C-50 shows the time series of concentrations of dissolved uranium in filtered runoff from each 

canyon system in 2000. The highest concentrations are observed during the June 28 runoff event in 

Pajarito Canyon. Concentrations tend to decrease throughout the runoff season and by the end of 

October, most concentrations were below or near the prefire average concentration of 0. 76 fJ.g/L. 

Figure C-51 shows the relationship between uranium in unfiltered runoff with TSS concentrations. In 

general, the higher TSS concentration samples contain higher concentrations of uranium. Samples 

collected during an intense short-lived runoff event will generally contain higher uranium concentrations 

than samples collected from the same location under slower flows with less sediment carrying power. 

Regression analysis of all uranium and TSS values show an R-squared value of 0.14, which does not 

indicate a significant amount of correlation. However, runoff samples that contain less than 10,000 mg/L 

TSS have a slightly higher R-squared value of 0.31. The R-squared value of samples collected at 

upstream, onsite, and downstream locations are 0.01, 0.54, and 0.04, respectively. The uranium and TSS 

data suggest that samples that were associated with fire-related runoff have a lower correlation than 

samples that were collected from non fire-related areas. 

The concentrations of uranium in runoff may be related to ( 1) increased uranium concentrations in the 

ash, (2) geochemical changes in the runoff caused by increased concentrations of metals and inorganics 

in the ash (e.g., Longmire et al. 2001), and/or (3) LANL impacts from historical releases at some onsite 

and downstream locations. 

Comprehensive analyses of the runoff samples for uranium isotopes were performed in 2000; however, 

concentrations of uranium isotopes in runoff from previous years are not available. The summary of the 

results of analyzing runoff samples for uranium isotopes in 2000 is in Table 4-3. The concentrations of the 

uranium isotopes suggest that naturally occurring uranium was present in the majority of the runoff 

samples collected along the Laboratory's downstream boundary. Sixteen of 18 samples contained 

uranium of natural composition (within 2cr uncertainty of natural). Enriched uranium was detected in two 

runoff samples collected in Los Alamos Canyon during the relatively small-magnitude runoff events of 

June 2 and 3. 
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Figure C-50. Time series of dissolved uranium in runoff from different canyon systems in 2000. 
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Figure C-51. Uranium concentration in unfiltered runoff compared with TSS. 

Laboratory-derived uranium (enriched or depleted uranium) was not predominant in the samples mainly 
because naturally occurring uranium from bedrock sources comprises the majority of the uranium in storm 
water runoff and tends to mask smaller concentrations of potentially Laboratory-derived uranium. 
Historically, LANL-derived uranium composed a small fraction of the total uranium found in Pajarito 
Plateau stream sediments and was not discernible in Rio Grande stream sediments (Gallaher et al.1999). 
The results of this investigation were based on mass spectrometry analyses of stream sediments and of 
Cochiti Reservoir bottom sediments collected before the fire. 

C-38 



C.16 Aluminum in Runoff 

The highest concentration of aluminum in unfiltered runoff in 2000 was 995,000 f..lg/L in a sample 

collected from Guaje Canyon on September 8. The highest concentration observed in runoff from LANL 

was 417,000 f.!g/L in a sample from lower Canada del Buey (gage E230) on July 29. The upper portion of 

the Canada del Buey watershed was affected by fire, however, the highest directly fire-related runoff 

concentration of aluminum was 376,000 f.!g/L in a sample collected from upper Pajarito Canyon (gage 

E240) on June 28. High aluminum concentrations in unfiltered runoff are directly related to the 

concentration of TSS in the sample. 

The highest concentration of aluminum in filtered runoff in 2000 was 11,500 f.!g/L in a sample from 

Starmer's Gulch above SR 501, a tributary to upper Pajarito Canyon, collected on October 23. The next 

highest concentration of aluminum was much lower, 4830 f.!g/L, from lower Canada del Buey (gage E230) 

on October 28. 

C.17 Barium in Runoff 

The distributions of barium concentrations in storm water runoff at upstream, onsite, and downstream 

locations for prefire and postfire periods are shown in Figure C-52; the distributions of dissolved barium 

concentrations are shown in Figure C-53. The concentrations of barium in unfiltered samples are about 

an order of magnitude higher than in filtered samples. The majority of the barium appears to be in the 

suspended sediment fraction of the unfiltered samples. 

The median concentrations of barium in unfiltered runoff after the fire at upstream and downstream sites 

are significantly higher than before the fire. Two samples collected at upstream locations (Pajarito 

Canyon and Los Alamos Canyon) before the fire both contained less than 50 f..lg/L barium, but after the 

fire, the median concentration of 17 samples from upstream sites was 2019 f.!g/L. Similarly, before the fire 

the median concentration of barium at downstream sites was 503 f..lg/L and after the fire the median was 

2265 f.!g/L, about four times higher. The distribution of barium concentrations in unfiltered samples at 

onsite locations before and after the fire does not appear to have changed significantly, but the highest 

concentrations are within the range of upstream and downstream maximum concentrations (see Figure 

C-52); most of these samples are runoff from fire-impacted areas. 

The highest concentration of barium in unfiltered storm water runoff at LANL in 2000 was 17,367 f.!g/L 

from lower Water Canyon (gage E265) on June 28. A close second-highest concentration was from the 

upstream Pajarito Canyon site (gage E240), also collected on June 28. The highest concentration of 

barium from onsite locations was from Pajarito Canyon (TA-18 culvert) on June 28. The higher 

concentrations of barium appear to be associated with runoff from fire-impacted areas upstream from 

LANL. 

Dissolved barium concentrations in runoff (Figure C-53) at onsite and downstream locations do not 

appear to have substantial differences in samples collected after the fire compared with prefire samples. 

Two upstream samples collected before the fire contained less than 50 f.!g/L barium, however, after the 

fire, upstream samples contained a median concentration of 100 f.!g/L and the highest dissolved barium 

concentration at upstream locations was 227 f.!g/L from Los Alamos Canyon above the reservoir on 

August 31. The second highest dissolved concentration was 210 f..lg/L from upper Pajarito Canyon (gage 

E240) on June 28. The highest dissolved concentrations of barium at downstream sites were 550 f.!g/L 

from lower Water Canyon (gage E265) and 310 f.!g/L from lower Pajarito Canyon (gage E250), both of 

which were collected on June 28. Similarly, the highest concentrations of dissolved barium from onsite 

locations were from Pajarito Canyon (at TA-18 culvert) on June 28. 
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Figure C-52. Barium in unfiltered runoff at upstream, onsite, and 
downstream locations, prefire and postfire. 
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Figure C-53. Barium in filtered runoff at upstream, onsite, and 
downstream locations, prefire and postfire. 

I 

Figure C-54 shows the barium concentrations in unfiltered runoff for each canyon system. The highest 
barium concentration in unfiltered runoff was 20,700 flg/L from Guaje Canyon on September 8. Other 
samples from Guaje and Rendija Canyons contained barium concentrations around 2000 flg/L. The 
canyon system at LANL with the highest distribution of barium concentrations was Water Canyon and 
Canon de Valle where the median concentration was 5210 f.tg/L. Concentrations over 10,000 f.tg/L were 
measured in each of the canyons at LANL from the large June 28 runoff event. 
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Figure C-54. Barium in unfiltered runoff from each canyon system. 

Figure C-55 shows the time series of barium concentrations in unfiltered runoff from each canyon system 

in 2000. The highest concentrations of barium in runoff at LANL were in Pajarito Canyon and Water 

Canyon/Canon de Valle on June 28, and concentrations in runoff later in the year were generally lower. 

The higher concentrations of barium in runoff in the two months after the fire may be associated with 

increased ash content in the runoff from fire-related areas. 

Figure C-56 shows the time series of dissolved barium in runoff in 2000. The highest concentrations are 

in samples from Water Canyon and Pajarito Canyon collected on June 28, similar to the barium 

concentrations in unfiltered samples. Most concentrations of dissolved barium in runoff were <200 1-1g/L 

with no obvious trend throughout the runoff season. 

C.18 Iron in Runoff 

The distributions of iron concentrations in storm water runoff at upstream, onsite, and downstream 

locations for prefire and postfire periods are shown in Figure C-57; the distributions of dissolved iron 

concentrations are shown in Figure C-58. The concentrations of iron in unfiltered samples are about two 

orders of magnitude higher than in filtered samples, suggesting that the majority of the iron is contained in 

the suspended sediment fraction of the unfiltered samples. 

The median concentrations of iron in unfiltered samples after the fire are higher than prefire 

concentrations. Two upstream locations sampled before the fire contained iron concentrations less than 

2000 llg/L, but after the fire, the median concentration at upstream locations was 32,700 1--Lg/L. However, 

the range of concentrations observed in upstream samples after the fire included the range observed in 

the two samples collected before the fire. The median concentrations of iron in unfiltered samples from 

on site and downstream locations were higher after the fire than before the fire but the ranges of 

concentrations observed at these locations after the fire were not appreciably different from prefire 

samples (Figure C-58). 
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Figure C-55. Time series of barium in unfiltered runoff in each canyon system in 2000. 
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Figure C-56. Time series of dissolved barium in runoff from each canyon system in 2000. 
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The maximum concentration of iron in upstream-unfiltered samples collected at LANL after the fire was 

375,572 J.lg/L, from a sample collected in upper Pajarito Canyon (gage E240) on June 28; the second 

highest concentration was from Los Alamos Canyon (gage E025) on July 18. The maximum 

concentration of iron in unfiltered samples on site was 256,000 J.lg/L from Pajarito Canyon (T A-18 culvert) 

on June 28, and the maximum concentration at downstream locations was 285,000 J.lg/L from Canada del 

Buey (gage E230) on July 29. The higher iron concentrations in runoff appear to be associated with 

suspended materials derived from fire-related areas upstream of LANL and within LANL. Upper Canada 

del Buey within the Laboratory near T A-46 suffered extensive fire damage but lower Canada del Buey 

was not affected by the fire. 

The distributions of concentrations of iron dissolved in runoff are shown in Figure C-58. The middle 

quartile distributions and median concentrations of iron dissolved in runoff after the fire are lower than 

those observed before the fire, although the range of iron concentrations dissolved in samples before and 

after the fire are similar. Maximum dissolved concentrations of iron at upstream and onsite locations after 

the fire are higher than before the fire. The highest concentration of iron dissolved in runoff at upstream 

locations after the fire was 6910 J.lg/L in a sample from Pajarito Canyon Tributary, Starmer's Gulch 

(location M2417) on October 23. The highest concentration of iron dissolved in runoff collected at 

downstream locations before the fire was 19,329 J.lg/L from lower Los Alamos Canyon (gage E042) in 

1998, but the highest concentration of iron dissolved at downstream locations after the fire was 2510 J.lg/L 

in a sample from Canada del Buey (gage E230) on October 28. 
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Figure C-57. Iron in unfiltered runoff at upstream, onsite, and 

downstream locations, prefire and postfire. 
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Figure C-59 shows the iron concentrations in unfiltered runoff samples collected from each canyon 
system. The maximum iron concentration observed in unfiltered runoff was 560,000 J..Lg/L in a sample 
from Guaje Canyon collected on September 8. Other samples collected from Guaje and Rendija Canyons 
contained less than 100,000 J..Lg/L. The canyon systems at LANL with the highest concentrations of iron in 
unfiltered runoff were Pajarito, Water/Canon de Valle, Canada del Buey, and Ancho. The canyon with the 
highest median concentration of iron was Ancho Canyon where the median concentration was 63,500 
J..Lg/L, with Water Canyon a close second with a median concentration of 62,350 f..Lg/L. 

Most iron concentrations above 230,000 J..Lg/L in each of the canyons at LANL were from the large June 
28 runoff event, except for a sample from Canada del Buey that had a concentration of 285,000 J..Lg/L on 
July 29. These high iron concentrations in unfiltered runoff are the result of runoff from fire-impacted 
areas. Runoff samples collected from canyons that were not significantly impacted by the fire, such as 
Sandia Canyon and Potrillo Canyon do not have iron concentrations that exceed 100,000 f..Lg/L. 

Figure C-60 shows the time series of iron concentrations in unfiltered runoff in 2000 for each canyon 
system and the prefire average concentration in runoff. In general, the highest iron concentrations were in 
June and July and lower concentrations are observed near the end of the runoff season in October. The 
first runoff event in Los Alamos Canyon on June 2 and 3 did not have high iron concentrations like the 
June 28 runoff event in Pajarito and Water Canyons, possibly because of the presence of the Los Alamos 
Canyon Reservoir in upper Los Alamos Canyon, which trapped significant volumes of ash and muck. 
Runoff samples collected in October contained iron concentrations near the prefire average. 
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Figure C-59. Iron in unfiltered runoff from each canyon system. 
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Figure C-60. Time series of iron in unfiltered runoff from each canyon system in 2000. 

Figure C-61 shows the time series of dissolved iron concentrations in filtered runoff in 2000 for each 

canyon system and the prefire average concentration in runoff. In general, the lowest dissolved iron 

concentrations were in June and July following the fire, and higher concentrations are observed near the 

end of the runoff season in October, opposite of the unfiltered iron concentrations. Runoff samples 

collected in October contained dissolved iron concentrations closer to the prefire average concentration. 
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The lower concentrations of dissolved iron in runoff after the fire are likely attributed to geochemical 
changes in the runoff caused by the presence of the ash and muck (e.g., Longmire et al. 2001). 
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Figure C-61. Time series of iron in filtered runoff from each canyon system in 2000. 

C.19 Lead in Runoff 

The maximum concentration of lead in unfiltered runoff in 2000 was 1180 f.lg/L in a sample collected from 
lower Guaje Canyon on July 9. The highest concentration from samples at LANL was 1 080 f.lg/L in a 
sample from lower Los Alamos Canyon (gage E042) on July 9. 

The maximum concentration of dissolved lead in runoff in 2000 was 6.99 f.lg/L in a sample from Starmer's 
Gulch above SR 501, a tributary to upper Pajarito Canyon, collected on October 23. The next highest 
concentration was 4.05 f.lg/L in a sample collected from lower Pueblo Canyon (gage E060) on 
October 23. 

Increased lead concentrations in runoff in 2000 appear to be primarily related to higher TSS 
concentrations associated with higher runoff volumes and may partially be attributable to urban runoff 
(e.g., Purtymun and Adams 1980; LANL 1999). 

C.20 Manganese in Runoff 

The distributions of manganese concentrations in storm water runoff at upstream, onsite, and 
downstream locations for prefire and postfire periods are shown in Figure C-62; the distributions of 
dissolved manganese concentrations are shown in Figure C-63. The concentrations of manganese in 
unfiltered samples are about one to two orders of magnitude higher than in filtered samples, suggesting 
that the majority of manganese is contained in the suspended sediment fraction of the unfiltered samples. 
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Figure C-62. Manganese in unfiltered runoff at upstream, onsite, and 

downstream locations, prefire and postfire. 
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Figure C-63. Manganese in filtered runoff at upstream, onsite, and 

downstream locations, prefire and postfire. 

The concentrations of manganese in upstream samples collected after the fire were significantly higher 

than before the fire. Two upstream locations sampled before the fire contained manganese 

concentrations in unfiltered samples less than 50 jlg/L; after the fire, the median concentration of samples 

collected at upstream locations was 17,900 jlg/L. The distributions of manganese concentrations in 

samples collected onsite before and after the fire are similar, however, the maximum of concentrations in 
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samples collected onsite after the fire are significantly higher than samples collected before the fire. The 
distribution of manganese concentrations in samples collected at downstream locations after the fire is 
higher than samples collected before the fire and similar to concentrations observed in the upstream 
postfire samples. The median concentration of manganese in unfiltered samples from downstream 
locations after the fire was 4820 f.lg/L, compared with the prefire median concentration of 2060 f.lg/L 
(Figure C-58). 

The maximum concentration of manganese in upstream-unfiltered samples at LANL after the fire was 
53,278 f.lg/L, from a sample collected in upper Pajarito Canyon (gage E240) on June 28. The maximum 
concentrations of manganese at onsite (47,249 f.lg/L from Pajarito Canyon at the TA-18 culvert) and 
downstream (Water Canyon at gage E265) locations were also from samples collected on June 28. The 
minimum concentrations of manganese in unfiltered runoff samples after the fire were significantly higher 
after the fire compared with minimum concentrations observed in prefire samples (Figure C-62). 
Manganese concentrations in unfiltered runoff samples were significantly increased after the fire as a 
result of runoff from fire-impacted areas. 

The maximum concentration of dissolved manganese in runoff samples after the fire was 2000 f.lg/L in a 
sample collected from upper Los Alamos Canyon above the reservoir on August 31. The next three 
highest dissolved concentrations of manganese at upstream locations were also collected in upper Los 
Alamos Canyon at the Los Alamos Canyon Reservoir and at gage E025. The maximum concentration of 
dissolved manganese at on site locations was 1080 f.lg/L in a sample from the Pajarito Canyon retention 
structure (construction site) collected on August 24, 2000. The highest concentration of dissolved 
manganese collected from downstream locations was 1870 f.lg/L in a sample collected from ponded water 
discharged from the construction site for the lower Los Alamos Canyon weir on July 21. 

The samples that contained the highest concentrations of dissolved manganese were all collected from 
residual runoff or ponded water several days after runoff events (see Koch et al. 2001 for a discussion of 
samples collected and runoff events). The dissolved manganese data indicated that higher dissolved 
concentrations resulted from a longer residence time of the runoff or ponded water with fire-related ash, 
muck, and sediments and that manganese contained in ash, muck, and sediments progressively 
dissolved into residual runoff and ponded water. The maximum concentration of dissolved manganese 
obtained during a runoff event was 1360 f.lg/L in a sample collected from lower Pueblo Canyon (gage 
E060) on October 23. The highest concentration of dissolved manganese that resulted from the large 
runoff event on June 28 was 11 00 f.lg/L in a sample collected in lower Pajarito Canyon (gage E250) 
several hours after the precipitation event and initial runoff event. 

The median concentrations of dissolved manganese in samples collected at onsite locations after the fire 
was 24.8 f.lg/L, about two times the prefire median concentration. The median concentration of samples 
collected at downstream locations after the fire was 112 f.lg/L, over three times the prefire median 
concentration. 

Manganese concentrations in soil have been observed to increase significantly after forest fires (e.g., 
Bitner et al. 2001). The source of increased manganese in soil is likely from ash that contains manganese 
that has been concentrated by combustion of vegetation, especially resinous plants (e.g., Parra et al. 
1996). Additionally, the concentration of water-soluble manganese increases in soil that has been heated 
to 400°C, such as by a forest fire {Chambers and Attiwill1994). The available data from storm water 
runoff after the Cerro Grande Fire indicate that manganese concentrations in unfiltered runoff increased 
up to two orders of magnitude, which is largely attributable to suspended materials that included ash and 
muck from the fire-impacted areas. The maximum dissolved concentrations of manganese were not 
observed in samples from the initial storm water runoff event, but in samples of ponded water and 
residual runoff that were collected two to three days after runoff events. 
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Figure C-64 shows the manganese concentrations in unfiltered runoff samples collected from each 

canyon system. The maximum concentration of manganese in unfiltered runoff was 102,000 J.Lg/L in a 

sample from Guaje Canyon on September 8. Other canyons at LANL that showed higher concentrations 

of manganese were Pajarito and Water Canyon/Canon de Valle, which had samples containing over 

40,000 J.Lg/L, which resulted from the high runoff event on June 28. Canyons with the lowest 

concentrations of manganese in unfiltered runoff were Sandia Canyon, Potrillo Canyon, and Ancho 

Canyon, which were not significantly impacted by the fire. Los Alamos Canyon shows relatively smaller 

concentrations of manganese, which may be due to not being affected by a large runoff event like Pajarito 

Canyon and Water Canyon. The Los Alamos Canyon Reservoir may have helped trap ash, muck, and 

sediment from burned areas and prevented large flow events from entering the canyon. 
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Figure C-64. Manganese in unfiltered runoff from each canyon system. 

Figure C-65 shows the time series of manganese in unfiltered runoff from each canyon system. Higher 

concentrations are observed in Pajarito Canyon and Water Canyon during the June 28 runoff event and 

in Guaje Canyon on September 8; however, manganese concentrations appear to have been similar 

throughout the runoff season. 

Figure C-66 shows the time series of dissolved manganese concentrations in runoff from each canyon 

system in 2000. No obvious trend appears to be present in the time series data with respect to 

progression of the runoff season after the Cerro Grande Fire. 
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Figure C-65. Time series of manganese in unfiltered runoff from each canyon system. 
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Figure C-66. Time series of dissolved manganese in runoff from each canyon system. 

Figure C-67 shows the dissolved manganese concentrations with respect to the elapsed time of sample 
collection after the precipitation event. Most samples collected within one hour of the precipitation event 
contained less than about 500 f.-1-g/L dissolved manganese. However, samples collected several hours 
after the precipitation event (usually downstream samples) often contained higher concentrations of 
dissolved manganese, from 500 to 1000 f.-1-g/L. Samples collected several days after the precipitation 
event usually contained over 1000 f.-1-g/L manganese. Samples that were collected more than one hour 
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after the precipitation event that do not show increased concentrations of manganese are usually 

samples from non fire-impacted locations, such as samples collected from DP Canyon and Potrillo 

Canyon, or were samples collected after precipitation events that did not significantly impact fire-related 

areas. Two factors appear to have contributed to the occurrence of higher dissolved manganese 

concentrations: ( 1) the presence of ash and muck from fire-impacted areas and (2) increased residence 

time of runoff in contact with ash and muck materials. 
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Figure C-67. Dissolved manganese in runoff vs time since precipitation event. 

C.21 Silver in Runoff 

Figure C-68 shows the distribution of silver in runoff in 2000 at upstream, onsite, downstream, and in 

Guaje and Rendija Canyons. The laboratory method detection limit used for the analysis of silver in 2000 

was about 0.62 ~g/L or less, whereas the detection limit used during prior years was 6 ~g/L or greater 

and most results were below detection limits. Therefore, comparison of the distributions of silver 

concentrations obtained in 2000 with previous years is not useful. The historical maximum silver 

concentration in runoff was 20 ~g/L in a sample collected in Sandia Canyon in 1999. 

The highest concentration of silver in unfiltered runoff from upstream locations was 6.084 ~g/L in a 

sample collected from upper Pajarito Canyon (gage E240) on June 28; the next highest concentration 

was 2.644 ~g/L in a sample collected from upper Canon de Valle (gage E253), also on June 28. The four 

highest concentrations of silver in samples from onsite locations (6.759 to 39.368 ~g/L) were from the 

June 28 runoff event in Pajarito Canyon and Water Canyon. The two highest concentrations of silver in 

runoff at downstream locations were also on June 28 when the maximum concentration was 171 ~g/L in a 

sample collected from lower Water Canyon (gage E265). Silver was detected in one sample from Rendija 

Canyon in a concentration of 0.95 ~g/L. 

The one detection of dissolved silver in runoff in 2000 was 0.95 ~g/L in a sample from lower Canada del 

Buey (gage E230) collected on August 18. 
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Figure C-68. Silver in unfiltered runoff at upstream, onsite, and downstream locations. 

Figure C-69 shows the time series of silver concentrations in unfiltered runoff from each canyon system in 
2000. Samples of runoff from Pueblo Canyon, Ancho Canyon, Canada del Buey, Potrillo Canyon, and 
Guaje and Rendija Canyons did not contain silver >1.0 f..lg/L. Of 20 samples that contained greater than 
1.0 f..lQ/L silver, 10 of the samples were from Water Canyon/Canon de Valle, 9 were from Pajarito Canyon, 
and 1 was from Los Alamos Canyon. The time series data show that the highest concentrations of silver 
were associated with the June 28 runoff event. Most samples collected from other runoff events 
contained significantly lower silver concentrations. 
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Figure C-69. Time series of silver in unfiltered runoff from each canyon system in 2000. 
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The higher concentrations of silver in unfiltered runoff in 2000 are from relatively high runoff events 

generated from the fire-impacted areas. However, the higher silver concentrations tend to be from onsite 

and downstream locations and may be related to high-volume runoff transporting silver from previous 

LANL discharges in some canyons rather than to direct impacts from the Cerro Grande Fire. 

Strengthening the possibility that silver is Laboratory-derived is the observation that silver was largely not 

detected in samples from Guaje and Rendija Canyons, which showed high concentrations for most other 

metals and radionuclides. If the major source of the silver was fire or sediment related, higher silver 

concentrations likely would have been observed in Guaje and Rendija Canyons. 
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