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Executive Summary

During 2003 to 2008, the Department of Energy Oversight Bureau of the New Mexico
Environment Department evaluated stormwater conditions in the Los Alamos watershed
and prepared this report. The Los Alamos watershed heads in the Sierra de los Valles
and extends eastward through the Los Alamos National Laboratory to the Rio Grande.
This report quantifies the redistribution rates of legacy contaminant-bound sediments in
stormwater after the Cerro Grande fire in 2000. The contaminant sources originate from
Laboratory discharges during 1943 to 1986 of treated and untreated industrial wastewater
containing radioactive and other research derived contaminants. In 2000, the Cerro
Grande fire burned through the mountains changing the canyon hydrology and ensuing
floods began redistributing contaminant laden sediments downstream to and into the Rio
Grande.

This summary presents two components of the report, among other assessments, which
might be of interest;
. Estimates of plutonium
watershed are made.
2. Concentration and Inventory Rating Coefficients are developed for individual
stations to identify changing transport conditions across the watershed.

39240 and sediment transport at six stations within the

Both the inventory estimates and the metrics are based on assumptions that sediment and
contaminant concentrations increase or decrease proportionately with changing flow.
These assumptions were developed from empirical measurements and observations in
previous reports and well characterized events during the period of this report. At
individual stations strong relationships between discharge, suspended sediment
concentrations and p]utoniumm"240 measurements in water were observed in multiple
samples collected from single events.0 Linear equations were developed that defined the
relationships between concentrations and discharge. If that relationship is defined for an
event, the “concentration slope coefficient” can be used to predict an instantaneous
concentration throughout the event based on flow. Cumulative mass transport can then
be estimated for the event.

Station specific relationships between inventory and peak discharge were then used to
establish “Inventory Rating Coefficients” and cumulative transport estimates over
multiple events. It was not the intent of this report to fully characterize every event, but
use the assumptions, rating coefficients, and samples collected from a representative set
of events to estimate sediment and contaminant transport inventories for events not
sampled. We made those estimates based on;

1. The preceding assumptions of proportional increases or decreases with changing
discharge.

2. An additional observation that most storm flows in the ephemeral channels on the
Pajarito Plateau are “flashy”. Storm surges typically generate hydrographs that
illustrate a quick rising limb of the flood bore to peak discharge, followed by a
slower declining trailing limb.
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3. Inventory Rating Coefficients based on contaminant and sediment transport-
inventory linear correlations to peak discharge. These coefficients are relevant for
specific stations. If the coefficients change over time or between stations, we can
conclude that sediments and/or contaminants are being transported at different
rates.

a. While the plutonium>*** concentrations in suspended sediments vary
across the watershed, they are fairly consistent at individual stations.

b. Concentrations of sediments and contaminants in water measure these
rates or availability as well. The difference we suggest is concentration
values in water, pCi/L or mg/L, define the instantaneous mass relationship
to volume of water. In our report, the rating coefficients also define the
relationship of plutonium®™*?* or sediment concentrations to flow rates,
L/s.

c. Ifthe coefficients change over time or between reaches, we can conclude
that sediments and/or contaminants are being transported at different rates.
For example, in an improving watershed reach, not only does average
peak discharge decline along with proportionate loads, but so does the
flood capacities to carry sediment or contaminant loads relative to similar
flood energies (e.g. 5000 mg/L SSC in a 100 cfs discharge relative to 500
mg/L measurement in a similar 100 cfs discharge).

Based on these methods we have estimated that approximately;

e 250 mCi of plutonium®***® in 36000 tons of sediment have been transported off
Laboratory property since the Cerro Grande fire through 2008.

e From 2003 to 2008, 34 mCi of plutonium™®?*® in 7500 tons of sediment were
transported to the Rio Grande.

e Over 30% of offsite transport and 80% of contaminant transport to the Rio
Grande occurred during one storm event. On August 8", 2006 flow was report at
E060 and E050 as 1926 cfs and 252 cfs respectively. Farther downstream at
E110 flow was reported at 1642 cfs.

¢ The rating coefficients identify low contaminant availability to stormwater
transport in background reaches like Guaje Canyon or the headwaters of Pueblo
Canyon, moderate contaminant availability in mid Los Alamos Canyon, followed
by the largest levels of contaminants available in Pueblo Canyon downstream to
lower Los Alamos Canyon.

e The sediment coefficients indicate Upper Pueblo and upper to mid Los Alamos
Canyons develop smaller sediment loads than much larger sediment supplies in
downstream Pueblo and Los Alamos Canyons.

In the context of this report, we demonstrate the relation between suspended sediment,
plutonium®***® measurements in sediment, and plutonium®**** measurements in water.
Of particular significance are the magmtudes of plutonium®***® values in sediment and
the relation it bears on plutonium®®*° transport availability. For example, stormwater
from Acid Cangron typically contains suspended sediment that has large values of
plutonium®*>*® measured in it; the average of 17 pCi/g was calculated from samples
taken for this report. Yet because Acid Canyon contributes relatively small amounts of
suspended sediment to stormwater, an average of 2000 mg/L, a relatively small
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downstream contribution of contaminants is made. The average plutonium>*?%*

concentration in water from Acid Canyon is 29 pCi/L, whlle other stormwater at stations
downstream in Pueblo Canyon contain lower plutonium™®?* concentrations in sediment,
much larger sediment loads, and consequently total p]utcn'num'39 40 values in water that
exceed 100 pCi/L.
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Abstract

During 2003 to 2008, the Department of Energy Oversight Bureau of the New Mexico
Environment Department collected stormwater samples from the Los Alamos watershed.
The Los Alamos National Laboratory discharged radioactive and industrial effluents into
the watershed during the 1940’s through the 1980’s that have spread throughout the
canyon channel systems to the Rio Grande. Commercial analytical laboratories analyzed
the samples for radiochemical, metal and physical characteristics. This report evaluates
the chemical and hydrological data to determine mass transport of sediments and Los
Alamos National Laboratory legacy plutonium™*** in stormwater runoff, describe
spatial and temporal trends in suspended sediment loads and contaminant levels, and
determine exceedance of applicable water quality criteria.

Introduction

During 2003 to 2008, the Department of Energy Oversight Bureau (DOEOB or the
Bureau) of the New Mexico Environment Department (NMED) collected stormwater
samples from the Los Alamos watershed, and submitted them to commercial analytical
laboratories for radiochemical, trace and heavy metal, and suspended sediment
concentration analysis. We compared the resulting data to applicable water quality
standards, assessed plutonium>*?** concentrations in water and in suspended sediments,
determined transport rates of sediments and plutonium**?*’, developed basic descriptive
statistics for all chemical data, described spatial and temporal trends based on
comparisons of data between watershed locations and time periods, and evaluated Los
Alamos National Laboratory (LANL or Laboratory) gage stage and discharge data.

The Los Alamos watershed is at roughly the northern boundary of the Laboratory facility.
It extends east from the Sierra de los Valles 17 miles (27 km) to the Rio Grande through
US Forest Service, Los Alamos County, LANL, and Pueblo de San Ildefonso lands, The
watershed area is approximately 58 mi” (150 km?) and contains the 14 mi® (36 km?) Los
Alamos, 8 mi® (22 km®) Pueblo, and 35 mi’® (92 km?®) Guaje Canyons sub-watersheds.
Legacy LANL discharge points and solid waste management units (SWMUSs) are located
in canyon bottoms and valley walls of the Los Alamos watershed. Of most significance
are the radioactive wastewater discharges into Acid Canyon a tributary to Pueblo
Canyon, and DP Canyon a tributary to Los Alamos Canyon. Legacy contaminants have
been distributed throughout the watershed since Laboratory operations began in the
1940’s and re-distribution rates were accelerated since the May 2000 Cerro Grande fire
but are diminishing as the watershed recovers from the fire impacts.

After the Cerro Grande fire, we found that stormwater flows increased in frequency and
magnitude within the Pajarito Plateau, distributing LANL legacy contaminants from
Laboratory property to the Rio Grande at increasing rates. These conclusions are
described in a Bureau report ‘Post Cerro Grande Fire Channel Morphology in Lower
Pueblo Canyon, Reach P-4 West: and Stormwater Transport of Plutonium™ 924 in



Suspended Sediments.” The report describes Bureau stormwater monitoring efforts
during 2000 to 2002, primarily at LANL gage station E060. The E060 gage station is just
above the Los Alamos/Pueblo Canyon confluence near the Laboratory/Pueblo de San
Ildefonso boundary. The shared property line is at the Laboratory’s eastern down-
gradient-boundary and Pueblo de San Ildefonso’s western-boundary.

This report is an extension and expansion of the preceding 2000 to 2002 stormwater
evaluation. It describes our stormwater monitoring efforts during 2003 through 2008.
We expanded the number of monitoring stations in Pueblo Canyon and Los Alamos
Canyon stations downstream to and including the Rio Grande. Hydrographs were also
generated for all flows at 12 LANL gage stations in the watershed and evaluated.

The following transport estimates were made from assumptions developed by observation
and empirical measurements in stormwater since the Cerro Grande fire. General assumptions
we found true were that suspended sediment concentrations in stormwater increase and
decrease proportionately with discharge, that plutonium®*** concentrations in suspended
sediments were fairly consistent at individual stations, and total plutonium™**%’
measurements in water increased uniformly with suspended sediment concentrations. Based
on these assumptions and the correlations between stormwater discharge and suspended
sediment and plutoniumzmm concentrations, we estimated sediment and plutoniun‘nm"240
contaminant transport in individual storm events and then developed an accumulative
estimate for six stations within the watershed. The accumulative estimate was developed for
the 2003 through 2008 time period of this report.

Rating coefficients are also developed and presented that identify stream function,
relative channel stability, and sediment and contaminant availability at stations monitored
during this period. Use of these coefficients in future storm water assessments may
identify changes in the watershed. These changes may reflect potential destabilization of
the water courses or watershed improvements made by LANL to reduce off-site
contaminant migration.

Uncertainty is associated with these estimates but not quantified in this report. All
measurements contain uncertainty. Environmental surveillance measurements contain
uncertainty from multiple sources, including sampling, chemical analysis, and the
inherent variability in the environment. QOur estimates potentially contain the same
sources of uncertainty compounded and propagated through multiple iterations of the
transport estimate process.

In summary this report describes the following estimates:
e that up to 182 milli Curies (mCi) of plutonium>****” has been transported out of
Pueblo Canyon into lower Los Alamos Canyon on Pueblo de San Ildefonso lands
during the 2003 to 2008 period of this report

s that 1 mCi has been transported out of mid Los Alamos Canyon into lower Los
Alamos Canyon

o that 34 mCi of plutonium™”** has been transported to the Rio Grande during the
period of this report



that 149 mCi or 82% of plutonium®***® transported beyond the Laboratory
boundaries during the time frame of this report remains on Pueblo de San
Ildefonso lands in lower Los Alamos Canyon.

Laboratory contaminants were carried off site in 19000 tons of suspended
sediments, of which 7500 tons entered the Rio Grande

that approximately 246 mCi of plutonium™?*° in 35543 tons of suspended
sediment have been transported out of Pueblo Canyon into lower Los Alamos
Canyon since the 2000 Cerro Grande fire

rating coefficients that describe the relationships between peak discharge and
inventory estimates of suspended sediments and plutonium™®** can be used to
identify contaminant and sediment transport availability, and thereby temporal
and spatial condition changes in the watershed channels. For example lower
Pueblo Canyon followed by lower Los Alamos Canyon stations develop the
largest coefficients and contribute the largest amount of sediment for transport.
Upper Pueblo and upper to mid Los Alamos stations contribute the smallest
levels.

plutonium concentrations in suspended sediments throughout Pueblo
Canyon average about 5 pCi/g, the levels are similar in lower Los Alamos Canyon
above the Rio Grande when floods originate from Laboratory property, averaging
4.6 pCi/g. The average from Guaje Canyon, a baseline tributary to lower Los
Alamos Canyon, is 0.4 pCi/g.

until a July 2008 waterline break at TA-21 in upper Los Alamos Canyon, the
average plutonium>**?*° concentration in the canyon suspended sediments was |
pCi/g, after the excursion it increased to almost 40 pCi/g. The concentrations
have steadily declined since the waterline break. Acid Canyon, a main source
term to Pueblo Canyon, contributes an average 17 pCi/g in suspended sediments
the average concentrations of total plutonium?****? in all storm samples from
upper Los Alamos Canyon is 5 pCi/L, the average concentration in mid Pueblo
Canyon above a wetland is 90 pCi/L. Beyond the wetlands the concentrations
decline to an average 15 pCi/L measured at the Pueblo Canyon endpoint and then
19 pCi/L downstream to the Rio Grande confluence

it appears that an 85% reduction of sediment transport rates occur through the
Pueblo Canyon wetlands, identified by suspended sediment concentrations

an 80% reduction of sediment transport rates occurs through the Los Alamos
Canyon low head weir, up to 86% when flows completely impounded by the
structure are included in the evaluation. Approximately 3700 tons of sediment
was retained within the impoundment from 2003 to 2008

a subset of gross alpha, uranium, americium, strontium, and cesium measurements
also identified Laboratory impacts in the Los Alamos watershed

few metals analysis exceed New Mexico 20.6.4 NMAC Standards for Interstate
and Intrastate Surface Waters, although some measurements of dissolved lead,
copper, and zinc did exceed acute aquatic life standards and some total mercury
measurements did exceed wildlife habitat standards

the frequency and magnitude of floods in the Los Alamos watershed are
decreasing, but urban and residential stormwater discharges will continue to
contribute to future flood magnitudes and probabilities.
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Stream flows are unique in response to storms on the Pajarito Plateau. In part, our
metrics measure the differences derived from changing flow responses to
precipitation. Not only do flow characteristics respond to storms, but they reflect
changing conditions within a watershed. We suggest that flow will be reduced
relative to storm energies in an improving watershed, as well as sediment and
contaminant transport rates relative to similar flow conditions, i.e. suspended
sediment concentration (SSC) changes of 5000 mg/L to 100 cfs relative to values
measured in an improved watershed of 500 mg/L to 100 cfs.

Background

In May 2000, the Cerro Grande fire burned 17402 hectares or 67 mi’ (174 km?) of land
along the eastern flanks of the Jemez Mountains and on the Pajarito Plateau. A complete
loss of vegetative cover (over story, under story, and ground cover) and intense heat
created conditions that reduced the soil’s ability to absorb moisture, increasing runoff.
We found stormwater runoff conditions below the areas burned by the Cerro Grande fire
were similar to those after the 1977 La Mesa and the 1996 Dome fires in the Jemez
Mountains as described by Veenhuis (2002). He documented that peak discharge
increased over 100 times in the first two years compared to pre-fire conditions, and
decreased rapidly after that to 3-5 times pre-fire flows. Los Alamos watershed peak
discharges have increased by the same magnitudes, but have not diminished to the same
levels described by Veenhuis. Multiple storm flow events have exceeded 100 times the
pre-fire conditions during most years after the Cerro Grande fire, although the frequency
continues to diminish.

LANL has indicated that by 2003 stormwater runoff and sediment transport from most of
the burmed watersheds had recovered to near pre-fire conditions except Pueblo Canyon
(LANL ESR, 2003, 2004, 2005, 2006, and 2007). The Los Alamos watershed, consisting
of three main sub-watersheds, Los Alamos, Pueblo, and Guaje, is one of seven that drain
LANL property located on the Pajarito Plateau. The headwaters of each Los Alamos
sub-watershed originate in the Sierra de los Valles, and Guaje and Pueblo Canyons drain
into Los Alamos Canyon before it drains to the Rio Grande. Los Alamos and Pueblo
Canyons contain LANL legacy contaminants from historical wastewater discharges that
have been re-distributed throughout the watershed from the discharge sources to the Rio
Grande.

The headwater reach of Pueblo Canyon is steep and rocky that had a thin soil horizon
even before the fire. Recovery from the fire may have been impaired due the steepness
of the headwater reach of the watershed, severity of the burn, and loss of covering soil
horizons. LANL has indicated the Pueblo watershed recovery has been impaired by
urbanization in the upper reaches of the canyon. The Los Alamos town site has large
areas of impermeable surfaces which also contribute significant amounts of runoff into
the canyons. The amount of impermeable surfaces has also increased since the Cerro
Grande fire from expanded residential development in the Pueblo Canyon watershed.



Most of the flow in Los Alamos and its tributary canyons are ephemeral and intermittent
and flow in response to rain and snow-melt. Intermittent flow in Pueblo and Los Alamos
Canyon is fed by snowmelt during the spring of the year flowing from the mountains
across the Laboratory and often beyond its eastern boundaries to the Rio Grande. During
the time of this report, snowmelt discharge at the eastern boundary of the Laboratory
ranged in duration from nonexistent to four months. In 2003, 2004, and 2006 snowmelt
flow volumes were negligible ranging up to 700 acre feet (ac ft) volume in 2005 (LANL
ESR, 2003, 2004, 2005, 2006, and 2007).

Discharge from the Los Alamos County wastewater treatment plants in Pueblo Canyon
also contribute to intermittent flow during the winter and early spring. In 2007 a new
county wastewater treatment plant was constructed to replace the Pueblo Canyon Bayo
plant. During 2008, 130 ac fi of discharge from the new plant passed the eastern LANL
boundary in Pueblo Canyon (LANL ESR, 2008). Most of the discharge is redirected to
irrigation of the Los Alamos community during the summer.

Ephemeral flow or stormwater discharge is the focus of this report because of its capacity
to carry suspended sediments and Laboratory contaminants off-site quickly and in large
quantities. Intermittent flow or snowmelt runoff may also have the capacity to transport
large quantities of contaminated bedload but does so in lower concentrations over longer
time durations. Bedload transport is not discussed as part of this investigation.

Sampling Methods

Our sample collection techniques included grab and automated sample collection
methods and follow procedures described in the DOE OB Standard Operating Procedures
for Sampling and Analytical Activities (Englert, 1996 and SW QAPP 2006). Most of the
stormwater samples we used to evaluate plutonium™®**” and sediment transport were
multiple samples per event per station.

We deployed portable ISCO® programmable liquid samplers in the Los Alamos
watershed and since 2008 in the Rio Grande. Single ISCO® sampling units are capable
of collecting 24 discrete 1-liter samples in varying programmable arrays. The samplers
can be programmed to begin a sampling routine based on stage height and the sample
collection intervals can be based on elapsed time. ISCO® flow meters activated the
sample routines based on water level rise. The flow meters also recorded a hydrograph
and sample history from which we verified and correlated our sample collection history
and hydrographs to the Los Alamos National Laboratory rated gage stations. It should be
noted that LANL uses Mountain Standard Time at their gages throughout the year while
our gage times change with Daylight Savings Time.

Very few grab samples were collected. Grab samples are opportunistic, in that field
employees must be present during a storm event and at an appropriate location. During
the stormwater program initiated in 2000 through 2002, sampling teams were organized
and deployed upon storm events. This program was simple in that sampling methods
consisted of submerging appropriate sample containers into the stormwater flow and



recording the appropriate stage and time of collection, but was labor intensive and
inefficient. The program also included few automated samplers. From 2003 onward,
more automated samplers were acquired and the stormwater program consisted primarily
of automated sampling.

Almost 300 samples were collected by automated ISCO® 3700 programmable liquid
samplers and 4230 Bubbler Flow Meters during the period covered by this report. The
ISCO® 3700 sample collection equipment was deployed along open stream channels in a
dormant mode until a rise in water level was detected by the 4230 Flow Meter. If the
stage level increase exceeds a level prescribed as a storm event, the flow meter activated
a sample routine comprised of multiple regular timed intervals. The numbers of samples
and sample volumes per event range from 12 2-L samples to two 6-L samples.
Equipment failures were common and introduced regular variability in the sample arrays.

The 4230 flow meters, comprised of air pumps and differential pressure transducers, use
a bubbler method to monitor stage in an open channel or alternate weir or flume. The
hydrostatic pressure changes from increasing or decreasing water levels during a storm
event is directly related to the water column height. Stage and discharge in the form of a
hydrograph, and sampling history are recorded on paper charts.

Except for Rio Grande locations at Otowi and Buckman, all locations are ephemeral and
more susceptible to incising or aggrading channel bottoms during storm flow. A length
of small diameter flexible tubing is extended from the flow meter and fastened to near the
channel bottom. Care that the end of the air tube is not covered by sediment is necessary
and discharge data contains uncertainty relative to unstable channel bottom changes.

The flow meter can use the Manning equation to calculate discharge. Cross sectional
area and slope of the channels were measured, and roughness was estimated at most
locations. These parameters were entered into the flow meters so that flows could be
estimated. Early on we found that flows did not correlate with LANL gage
measurements and began to use stage changes only to activate the ISCO® samplers.

The 3700 1SCO® programmable liquid sampler is comprised of a computerized control
box, liquid detector, peristaltic pump, and a distribution system. The control box receives
and stores a sample program, runs the pump, moves the sample distributor, and controls
the volume of sample distributed into containers. The liquid detector gives the 3700
sampler the ability to deliver accurate, repeatable sample volumes regardless of changing
head conditions and with a programmed setting provide for automatic rinsing of the
suction line. The peristaltic pump speed is 250 RPM that generates an approximate pump
rate of 3.5 liters/minute. The distribution system is comprised of an armature that rotates
to discrete sequential sample bottles. Varying arrays of bottle configurations were used,
but for the most part the bottle configuration consisted of 24 1-L polypropylene bottles.
A PCB and TMDL study were run in conjunction with this stormwater project and 1-L
and 350-ml glass bottles with Teflon lined lids were included into some arrays.

The pump tubing consists of SilasticTM medical grade silicon rubber and the suction line
which transfers the sample from the stream source to the pump is 3/8 inch ID Teflon®



tubing. The suction lines attached to the 3700 samplers were commonly extended and
fastened to the side of a channel more than four inches from its bottom. The pump and
suction tubing are changed annually or when equipment is moved to new locations.
Tubing replacement and automatic rinsing between samples reduce cross contamination
concems.

Storm surges within the ephemeral streams of the Pajarito Plateau are random and
unpredictable but typically generate a hydrograph that illustrates a fairly quick rise to
peak discharge and then a slower declining limb. They vary depending on the intensity,
duration and movement of storm patterns, and the drainage basin characteristics. The
sample arrays were developed to demonstrate the changing characteristics of the storm
flow. Our original sample programs included samples collected as soon as the samplers
were enabled and then at regular intervals during the storm flow. The programs evolved
into a delayed sample collection at or near the hydrograph peak and then at regular
intervals throughout the flow.

Antecedent conditions can influence stormwater suspended sediment concentrations
significantly, particularly in low flow storm events in which case relatively small
inventories of sediment and contaminants are transported. In larger events, we believe
that antecedent conditions are reflected by hysteresis observed during the rising leg of a
hydrograph, whether it is from the cleaning affects from previous storm flow or bank
failure contribution from preceding events. This period of the hydrograph is relatively
short in relation to the flood duration. By the time peak flows are achieved antecedent
conditions are replaced by the overall conditions of a channel reflected by the general
relationship of suspended sediment concentrations and discharge.

At the end of each sample event, and then the end of each season, the storm hydrographs
were evaluated to determine the peak discharge, time to peak flow, and then duration of
the storm flow event. Based on these evaluations we introduced a delay for the initial
sample in order to sample close to peak discharge, and sample interval variations along
the declining limb of the hydrograph to extend the program through the entire duration of
the storm event. This allowed us to accurately characterize transport within the greatest
proportion of the flood.

The U.S. Geologic Survey (USGS) recommends using equal-width-increment (EWT)
sampling methods for producing the most representative stream flow samples. These
methods create water quality cross sections across a stream. Automated pumping
samplers with a single-fixed intake, like ISCO® samplers, are sometimes used to collect
samples at remote sites or small streams with flashy hydrologic responses (Shelton,
1994). Samples collected with automated pumping samplers can introduce an unknown
bias when compared with EWI sampling methods.

Location Descriptions

This project includes a stormwater investigation at 13 stations within the Los Alamos
watershed including one station below the watershed in the Rio Grande. Eight stations



are located within the Acid-Pueblo Canyon drainage, and four stations are located within
the DP-Los Alamos drainage above the Pueblo/Los Alamos Canyon confluence. One
station in lower Los Alamos Canyon below the Pueblo/Los Alamos confluence is
approximately 0.7 miles above the Los Alamos Canyon confluence with the Rio Grande
on Pueblo de San Ildefonso lands. During 2008, an additional nine samples were
collected approximately 3 miles downstream of this intersection near the Buckman
Landing area and the new Santa Fe Community Buckman Direct Diversion for municipal
drinking water.

The following figure identifies LANL gage stations in the Los Alamos watershed
evaluated for this report.
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Figure 1 LANL Gage Stations in Los Alamos Canyon Watershed

The focus of this investigation is at the LANL boundary stations, E050 and E060, as well
as the E110 station in lower Los Alamos Canyon, just above the Rio Grande. The
naming convention for the LANL gage stations generally follows the USGS down-stream
order convention. The letter E replaces the United States Geologic Survey (USGS)
number 08313 assigned to the Otowi gage on the Rio Grande and the remaining number
assigns a downstream proximity to the USGS station. We used a similar identification
protocol for naming the stations co-located at the LANL gage stations as well as stations
not associated with gages. The naming convention includes the abbreviation of the
canyon it is located in and the distance in miles above its next downstream confluence.



We evaluated canyon and transport conditions by grouping our stations into reference
reaches. Baseline stations are generally identified as upstream from Acid and DP
Canyons and are considered free of LANL impacts. There are multiple Solid Waste
Management Units (SWMUSs) located in Los Alamos Canyon above the DP confluence
and limited impacts are seen in the upstream Los Alamos Canyon station. Most stations
are located below the Acid and DP source terms and extend downstream. They were
located to identify influences from side tributaries and changes in downstream conditions,
particularly those attributed to the Pueblo wetlands downstream of the Bayo wastewater
treatment plant and the Los Alamos Canyon low head weir located just above the Pueblo
confluence.

Although we recognize precipitation data is important in determining runoff origin in
relation to contaminant source terms, as well as flood intensity and volume, our
evaluations are based on the discharge and concentrations measured at each station.
Contaminant and sediment transport estimates are made in regard to the immediate
measurements at each LANL gage station monitored during the period of this report.
Those estimates clearly describe impacts from upstream reaches and contaminant
contributions to downstream reaches in the Los Alamos watershed.

The LANL E060 gage station is located at the most down-gradient station in Pueblo
Canyon and is near the eastern Laboratory property boundary. The references to station
E060 also include PUO0.3, a Pueblo Canyon station approximately 0.3 mile above its
confluence with Los Alamos Canyon. The LANL E050 gage is located at the eastern
most down-gradient station near the Laboratory boundary in Los Alamos Canyon. This
report also refers to the station as LAS.0, a Los Alamos canyon station approximately 5
miles above its confluence with the Rio Grande. The LANL E110 gage, also referred to
as LA0.7, is located in lower Los Alamos Canyon approximately 0.7 mile above its
confluence with the Rio Grande on Pueblo de San Ildefonso lands.

A new public wastewater treatment plant built during this investigation period, discharges
approximately 0.5 mile above the original discharge point of the old Bayo treatment
plant. We expect that the wetlands will extend to the new discharge point and provide
additional sinks to Pueblo Canyon floods and associated contaminant load discharges.
E050 and E060 gage stations, located near LANL’s eastern boundary, identify
contaminant loads that leave LANL property headed for Pueblo de San Ildefonso lands
and the Rio Grande. Station E110 is the last monitoring station 0.7 miles above the Rio
Grande.

Since 2008, a station near the Buckman Direct Diversion has been monitored for
stormwater conditions. Another station along the Rio Grande has recently been deployed
above the Los Alamos Canyon confluence near the Otowi Bridge and is currently being
monitored. The following figure identifies the stations sampled for stormwater during
this report.
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Figure2 Stormwater stations

The following narrative provides a reference for the name and location of the stations
monitored during this report period.

Stations in Pueblo Canyon

PU-6.4 Upper Pueblo watershed sample location above Acid Canyon, used as
baseline

PU-5.5 LANL gage station EO55, upper watershed sample location above Acid
Canyon, used as baseline

AC-0.2 LANL gage station E056, in Acid Canyon, just above its confluence with
Pueblo Canyon. Acid Canyon received LANL TA-1 and TA-45 radioactive
wastewater discharge.

PU-4.1 Middle Pueblo Canyon, approximately 4.1 miles above confluence with
LA Canyon, approximate 1 mile below the Acid confluence.

PU-3.1 Middle Pueblo Canyon, approximately 3.1 miles above confluence with
LA Canyon, above Kwage Canyon and approximate 2 mile below Acid
confluence. Kwage Canyon is a tributary to Pueblo Canyon that heads in North
Community. It is a possible clean source of sediments that may provide dilution
to contaminated sediments in Pueblo Canyon.

PU-2.4 Middle Pueblo Canyon, approximately 2.4 miles above confluence with
LA Canyon, below the Kwage Canyon confluence and above the new Bayo
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wastewater treatment plant discharge. A wetlands system has developed below
the treatment discharge point.

e PU-1.7 Middle Pueblo Canyon, approximately 1.7 miles above the confluence
with Los Alamos Canyon, below the treatment plant discharge, and within the
wetlands

¢ PU-0.3 LANL gage station E060, in lower Pueblo Canyon, below the wetlands,
at the LANL eastern boundary, and approximately 0.3 mile above confluence
with LA Canyon. The LA/Pueblo Canyon confluence downstream to the Rio
Grande is on Pueblo de San Ildefonso land

Stations in Los Alamos Canyon above the Pueblo Confluence

e LA-6.6 LANL gage station E030, in upper LA Canyon 6.6 miles above the Rio
Grande confluence and just above the DP confluence. Used as a baseline station
but multiple SWMUSs exist in Los Alamos Canyon above this station. It is above
the main TA-21 source term for radiochemical contaminants but downstream
from several PCB source terms.

e DP0.1/DPS-4 LANL gage station E040, lower DP Canyon just above confluence
with LA Canyon. DP Canyon received radiochemical wastewater discharge from
the TA-21 plutonium processing plant.

e LA @ E042 LANL gage station E042, mid LA Canyon just above the Los
Alamos Canyon low head weir built shortly after the Cerro Grande fire

o LA-5.0 LANL gage station E050, just below the low head weir, at LANL’s
eastern boundary, and just above the Pueblo confluence

Station LAQ.7 is on Pueblo de San lidefonso land in lower Los Alamos Canyon and
retains the LANL gage station identification E110. It is located about 0.7 mile above the
Los Alamos Canyon confluence with the Rio Grande and approximately 5 miles below
LANL property. It is below a major contributing tributary, Guaje Canyon which
headwaters in US National Forest Service lands. Additional gage stations exist within
Guaje Canyon but are presently de-activated. Station E110 identifies contaminant levels
that reach the Rio Grande.

The Rio Grande at Buckman station is approximately 3 miles downstream of the Los
Alamos confluence. It is located near the new Santa Fe water resource diversion, the
Buckman Direct Diversion, and is used to identify water quality there as well as possible
impacts from LANL discharges.

The following table lists the LANL gage stations, associated project names for the

locations, and the dates and times for the stormwater samples collected during the period
of this report.
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Table 1 Location, Date, and Time for All Stormwater Samples

Gaged Station Date/Time age¥  Station Date/Time Gage#  Station Date/Time

E0555 AC-0.2 911106 13:36] |E110 LAQT 8/25/08 1641| |EO60 PL-D3 7123104 22:02

E0S5.5  AC-0.2 714107 17.47| [E110 LA-Q7 82506 1741] |E0s0 PU-D3 723104 22.07

E0555  AC-0.2 73007 13:24f [E110 LAOT 8/25/08 18.41] |E060 PU-D.3 7123104 22:12

E0S5.5  AC-0.2 B/4/07 14:02) |E$10 LA-QT 712208 15:47| |E060 PU-D3 Ti23004 22:17

E0555  AC-0.2 B/4/07 14:22) |E$10 LAQ.7 8/20/08 16.40| |E080 PUD3 Ti27i04 18:06

E0S55  AC0.2 81807 13:16] |E110 LAQ7 20108 17:25| |E0B0 PUD3 7127104 18:09

E0555  AC-0.2 81807 13:34] [E110 LAOT 82008 18.10] |E060 PUD.3 TI27/04 1B:16

E0S55 AC0.2 8/20/07 15:02| |(E110 LA-0.7 B820/08 1855 |E060 PUDI TI2T104 18:23

E0555  AC-0.2 8/29/07 15:20] |E110 LA-O7 B/20/08 20:40| |E0E0 PU-D.3 7127104 18:30

E0S55 AC0.2 8/29/07 15:40| |ET10 LAQ7 8721108 1:10] |E0BD PU-D.3 7127104 18:32

E055.5 AC-D.2 8/29/07 16:00| (E0S50 LA-5.0 8/1/06 17.09] |E0B0 PU-D.3 7127104 18:34

EDS55 ACO2 8/29/07 16:20] |EDS0 LA-50 B/S/06 1:50] |E0S0 PU-0.3 7127104 18:39

E055.5 AC0.2 9/1/07 14:28 |[EDS0 LA-5.0 8/7106 14:29] |E060 PU-D.3 7/27/04 168:41

E055.5 AC-0.2 9r1/07 14:45| |EOS0 LA-SKO 8/8/06 14:40| |EOS0 PU-0.3 7127104 18:47

E055.5 AC-0.2 9/1/07 15:06 |[EDB0 LA-50 8/6/07 19:31| |EOSD PU-D.3 8/18/04 18:56

E0556.5 AC-0.2 9r/07 16:49) |EOS0 LA-SGO /29107 16:49| |E0GO PU-0.3 8/18/04 18:59

NA BM@RG 172608 22:03] |EOS0 LA-5.0 Br29/07 19:45) |E060 PU-0.3 8/16/04 19:02

NA BM @ RG 8724208 19:59| |(E0S0 LA-5.0 9107 16:10] |E0SD PU-D.3 8/18/04 19:08

NA BM @ RG 8/24/08 20:57| |EOS0 LA-5.0 9107 17:36| |E0GD PU-0.3 8/18/04 19:16

NA BM@ RG 8/24/08 21:57| [E0S0 LAS0 91107 19:06| |EOBD PU-0.3 8/18/04 19:26

NA BM @ RG 9ra/08 22:28 [EDS0 LA-50 972107 16:45| |E0G0 PU-0.3 8/18/04 19:38

NA EM@RG 9/9/08 23.26| |BOS0 LA-5.0 92107 18:15| [E080 PU-0.3 8/18/04 20:17

NA BM@RG 1011/08 19:47| |E050 LA-5.0 972007 19:45| |E0S0 PU-0.3 8/18/04 20:44

NA BM@RG 10/11/08 20:44| |EOS0 LA-5.0 7508 16:02] |E0G0 PU-0.3 8/16/04 21.16

NA BM@RG 10/11/08 21:44] |EO50 LA-50 715108 16:47| |E060 PU-D.3 219,04 0:29

E040 DP0.1/DPS-4 812105 15:00| |EOSD LA-50 7/5/08 17.37] |EOGD FPU-0.3 1904 4:35

E110 LA-0.7 7727/04 18:51] |[EOS0 LA-50 715108 18:17| |E0GD PU-0.3 819104 6:17

E110 LAQ.7 727104 19:01] [E0SO LA-5.0 7/508 19:17{ |E0GD PU-0.3 Br19/104 8:39

Ei10 LAD.7 818041515 |EOSD LA-50 8/9/08 15:4 EOBD PU-D.3 820/04 18:27

E110 LAD.7 8/19/04 15:23| |(E0S0 LA.50 8/9/08 16:33 E060 PU-0.3 8/20/04 168:33

E110 LAD.T 8M15/04 1532 |EOS0 LA-50 819108 17:1 E0S0 PU-D.3 8/20/04 18:39

E110 LA-0.7 8M19/04 16:00] |E0S0 LA-50 8/9/08 168:04] JE0G0 PUL-D.3 8/20/04 18:45

E110 LAQ.7 8/18/04 16:00] |EOS0 LA-5.0 8/9/08 19:04| |E06D0 PL-D.3 8120/04 18:57

E110 LA-D.7 81904 16:49] |EOSO LA-5D 8/23/08 7:40 |E0G0 PU-D.3 8/20/04 19:09

E110 LA-D.7 B8/19/04 17:21| |[E0S0 LA-50 B/23/08 8:25| |E0GD PU-0.3 8/20/04 19:26

E110 LADT 82004 0:00( [E0SO LA-50 8/23/08 9:10| |E0G0 PU-0D.3 8/20/04 19:48

E110 LAD7 812004 17:28] |EOSD LA-5.0 101108 168:08| |E060 PU-0.3 8r20/04 20:15

E110 LA-O.7 B/20/04 17:35| |EOS0 LA-50 10/11/08 18:08| |E0S0 PU-0.3 820704 20:47

E110 LA-0.7 8r20/04 17:48| |EOS0 LA-50 1011/08 18:53| |E060 PU-D.3 82004 21:24

E110 LAQ.7 8r20/04 17:58] |EOSD LA-5.0 10/11/08 19: E060 PU-0.3 8420704 22:06

E110 LA0.7 8720704 18:15| |E0S0 LA-5.0 10/11/08 20 E0G0 PU-D.3 8/20/04 22:58

E110 LA 8/20/04 19:36] |EO30 LA-6.6 BM2/0522:34) |EOBD  PL-0.3 82104 0:01

E110 LA0.7 8/20/04 20:05| |E030 LA-65 81305 0:04| |E0GD PU-D.3 821204 2:34

E{110 LAQ.7 w2104 227 |E0X0 LABS 8/13/05 1:36| |E0G0 PU-0.3 8124105 18:15

E110 LAO.7 8/21/104 949| [EO30 LA-6.6 81305 3:36| |E0G0 PU-0.3 824105 20:15

E110 LA-0.7 71705 17:56] |E030 LA-G.6 PU-0.3 8724105 22:15

E110 LA-0.7 THTI05 19:56] |EO3C LA-6.6 PU-0.3 B/2505 0:15

E110 LA-07 TS5 21:56] |E030 LA-66 PU-D.3 7126/06 15:13

E110 LADT THTI05 23:56] |EO30 LA-GS PU-0.3 7126106 19:13

E110 LA-0.7 BN2/0514:21] |E030 LA-6S PU-0.3 8/5/06 9:52

E110 LA-0.7 81205 16:21] |[E03D LABS PU0.3 B/5/06 11,22

E110 LA-Q.7 BH2/05 18:21] |[E030 LA-66 PUD.3 B/8/06 15:47

E110 LAQ.7 B/12/05 20:21] |E042 LA @ EQ42 PU-D.3 B/B/0G 16:47

E110 LADT B/24/05 18.37] |E042 LA @ EQ42 PUD.3 B/B/0G 17:47

E110 LA-0.7 B/24/05 20:37| |E042 LA @ E042 PU-0.3 BIRA06 16,47

E110 LAD? Br24/0522:37] |E042 LA @ E£042 PU-0.3 NAN06 19:47| |E0S5 PLL55 B4/07 14.16
E110 LA-07 B/25/05 18:201 |[E0OGD PU-0.3 PU-D.3 /8/06 20:47| |[E0S5 PU-5.5 84107 15:15
E110 LAD.7 7/6/06 6:42] |EDBD PU-D.3 PU-0.3 8125106 14:21|  |[E0SS PU-55 W40 16:15
E110 LAD7 7/6/067.42| |E0SD PU-0.3 PU0.3 8/25/06 15:21)| [E0SS PU-55 W4/07 17:15
E110 LA0.7 7/8/06 8:42] |EDBC PU-0.3 PU-0.3 8/25/06 16:21| |EOSS PU.55 a4/07 18:15
E110 LAD.7 716/06 21.22] |EOB0 PU-0.3 PU0.3 &/6/07 20:01| |EOSS PU-55 9/1/07 14:38
E110 LA0.7 T16/06 2322] |EDBO PU-D.3 PU-0.3 B/6/07 20:46] |EOSS PU-55 91/07 15:37
E110 LA-0.7 77106 1:221  |EOBD PU-0.3 PU-0.3 &/6/07 21:31| [EOSS PUS5 9NM/07T 16:37
E110 LA-0.7 8/6/06 209] |EOED PU-D3 PU-0.3 Q60T 22:16] |EOSS PU-5.5 9HIGT 17.37
E110 LADT B/6/06 4:14] |EOGD PU-0.3 PU-0.3 WB0T 23:01] |E0SS PUSS 9/1/07 18:37
E110 LA-0.7 8/6/066:14] |E0GC PU-0.3 PU-D.3 9/6/03 22:38| [NA PU64 81183 17,42
E110 LA-0.7 BIB/DG 16:25] |EOB0 PU-0.3 PU-1.7 8/18/04 14:35] [NA PU-64 8/11/03 18.00
E110 LA-07 B/B/06 17.25] |E060 PU-0.3 PU-2.4 7123104 15:41)  |NA PU-64 811/03 18:27
E110 LA-D? BIBIOS 1925 |EOB0 PU-0.3 PU-2.4 Ti23104 15:49| |NA PUEA 8/23/03 14:45
E110 LA-0.7 B/B/06 19:25] |EOGD PU-0.3 PU-2.4 72304 15:52] |NA  PUGA4 B/30/03 0:52
E110 LA0.7 B/BI05 20:26] |EOBC PU-D.3 PU-2.4 72304 16:00) |[NA  PU-64 W03 16:568
E110 LA-D.7 8/8/06 21.25] |E0B0 PU-0.3 PU-2.4 7/23104 16:10] |[NA  PU-64 9/6/03 16:54
E110 LAD.7 6i19/06 15:47] [E0B0 PU-0.3
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Samples and Analytical Suites

Two hundred and ninety stormwater samples were collected from the Pajarito Plateau
during 2003 through 2008. Twenty of the samples are from 2003, 99 from 2004, 49 from
2005, 41 from 2006, 47 from 2007, and 34 from 2008, including nine stormwater samples
collected in White Rock Canyon at Buckman Landing. These samples originate from
eighty storm events identified at individual stations. Some of these are duplicated at
different stations, for example an individual event was sampled at more than one station
and counted multiple times.

Commercial analytical laboratories analyzed the samples for a variety of chemical suites,
including polychlorinated biphenyls, dioxin/furans, metals, radionuclides, general water
chemistry, and the physical parameter suspended sediments. Some of the data from this
report was used for a New Mexico Surface Quality Bureau Pajarito Plateau assessment
for the CWA §303(d)/§305(b) 2010-2012 Integrated List which is available at
http://www.nmenv.state.nm.us/SWQB/303d-305b/2010-2012/Pajarito/index.html.
Reports detailing the PCB and dioxin/furan results will be available at later dates.

The radiochemical suite includes gross alpha/beta, uranium isotopes 234, 235, and 238,
plutonium isotopes 238, 239/240 (total recoverable in water and/or in suspended
sediments), americium"', strontium™, and cesium'?’. Most samples are analyzed for
plutonium™®, plutonium®”?*, and suspended sediments. Subsets of the other analyses
are included to expand the breadth and to investigate specific questions beyond the
original scope of this project, and when funding was available.

Commercial analytical laboratories performed plutonium®® and plutonium®*** isotope
measurements on unfiltered stormwater and/or suspended sediment separated from whole
water samples.

Plutonium™® levels were consistently low and/or below detection levels and are not
included in further discussions except that legacy plutonium can be identified by the
consistent plutonium™°**° to plutonium™® isotope ratio differences seen between
background and LANL derived plutonium. Legacy plutonium®*?* concentrations are
consistently two orders of magnitude greater than plutoium™?, when detected, while
background concentrations of plutonium®??* are consistently one order of magnitude
greater than detected plutonium®® concentrations. Plutonium?*?%° isotopes are
indistinguishable using alpha spectroscopy and the term plutonium is used in this report
to reference the -239 and -240 isotope combination of plutonium.

The unit conversions are therefore:
To obtain plutonium activity in sediments from a plutonium measurement in water:
pCI/L (Pu water) © mg/L (SSC water) X 1000 (mg/g) o PCir’g {Pu Suspended Sediment)

and to obtain plutonium activity in water from a plutonium measurement in suspended
sediment:
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pCi/g (py Suspended Sediment) % mg/L (SSC water) & 1000 (mg/g) = PCi'"IL {Pu water}

Fifty-three stormwater samples collected from the Pajarito Plateau during 2005, 2006,
and 2008 were submitted to analytical laboratories for dissolved (filtered through a 0.45
micron filter) metal analysis, and 73 samples during 2003, 2005, 2007, and 2008 were
submitted for total (unfiltered) metal analysis. We saw similar pattemns in constituent
loading as that seen for the plutonium mass transport evaluations when using total metal
measurements in water though most water quality criteria for metals are for the dissolved
phase. Only mercury and selenium have total metals criteria. Stormwater samples were
also collected in the Rio Grande at Buckman Landing, three miles below the Los Alamos
Canyon confluence and analyzed for dissolved metals.

An inventory transport assessment for plutonium and suspended sediments is completed
and presented in this report as well as comparisons of dissolved and total metals to
applicable New Mexico Water Quality Control Commission (NM WQCC) criteria. A
total metals transport assessment was completed which demonstrates similar
characteristics but is not presented in this report.

Analytical Methods

The ALS Laboratory Group commercial analytical laboratory analyzed our samples for
radiochemical, trace and heavy metal, and suspended sediment concentrations. ALS use
routine analytical methods prescribed by DOE and EPA federal agencies, or equivalent
methods described by professional organizations, and developed by individual
laboratories. Descriptions of the analytical methods for major classes of radionuclide
measurements normally requested by this bureau are found in Appendix A

ALS utilizes alpha spectrometry methods that meet or exceed the requirements
referenced by DOE/EML 4.5.2.1. used to identify and quantify alpha-emitting
radionuclides. The radionuclides include americium™!, p]utoniumm, plutonium
uranium®*, uranium®?, and uranium®*®, ALS uses low-background gas-flow
proportional counting ASTM D3811-95M metheds to measure strontium® and ASTM
D3972-90M methods for gross alpha/beta measurements. These methods meet the
calibration, data collection, and analysis requirements of EPA method 900.0/9310. ALS
measured cesium'>’ and other gamma emitters using gamma spectroscopy methods that
are equivalent or exceed EPA Procedure 901.1 and DOE/EML Procedure 4.5.2.3. EPA
methods 903.0 and 904 are used to measure radium?*® 8

2391240
2

and radium™—°,

ALS measured a target analyte list of 23 metals plus total uranium using combined
6010/6020 EPA procedures. These measurements include inductively coupled plasma
and mass spectroscopy procedures. Suspended sediment concentration measurements
follow ASTM D3977-97 methodology which is a measure of the mass difference
between a total water sample and the sample after all moisture is removed by filtration,
centrifuge, and/or evaporation.
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Analytical laboratories often use combinations of both chemical and instrument
techniques to quantify low contaminant levels found in environmental samples.
Analytical procedures consist of several parts assembled in laboratory SOPs for specific
projects or sample types. These parts describe the chemical processes that isolate and
purify, and then measure a constituent. The SOPs usually include:

laboratory sample preparation
sample dissolution

sample purification
preparation for counting
counting

data reduction

* & & & 9 O

Laboratories are capable of adjusting their methodologies to achieve various detection
limits. Some customers only require levels to satisfy regulatory requirements. The
Oversight Bureau normally requests analytical methods capable of measuring
contaminants below most environmental background reference levels. Target detection
limits should be 10 to 50% of background reference values. Analytical methods adjusted
to achieve lower detection limits often require a substantial increase in laboratory efforts.

Laboratories normally state detection limits based on ideal or optimistic situations and
may not be achievable under actual measurement conditions. These levels could be
considered their advertised limits. Detection limits for individual measurements are quite
variable and are subject to variation between samples, instruments, and procedures.
Sample size and geometry, element or compound abundance, self-absorption, and matrix
interferences, instrument efficiency, ambient laboratory background, chemical recovery,
and counting times contribute to these variations. ALS advertised Method Detection
Limits for the radiochemical measurements used for this project are listed in the
following table.

Table 2 Analytical Methods

Analytical Method Short Description v":;t’r""’“ for :':l’l';!’t"“ for
Alpha Spectroscopy

ASTM D3972-90 Isotopic Plutonium 003 pCill. 0.03 pCilg
ASTM D3972-90 Isotopic Uranium 0.2 pCilL 0.1 pCilg
|EPA 803.0 Radium 226 0.2 pCiill. 1 pCilg

Gamma Spectrometry

EPA 901.1 . . . .
ILow Level Gamma Spec. (0.05 pCifg or 5 pCi/lL as Cs-137} |5 pCill 0.05 pCifg

EPA 904 Radium 228 1 pCilL 1 pCilg

Gas Flow Proportional Counting

EPA 500.0/9310 Gross Alpha/Bela 3.0/4.0pCilL 3.0/ 4.0 pCilg

Strontium-90 ("Total Radiostrontium

UL EE Sy L Reported as Sr-90")

1 pCilt. 0.5 pCifg
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The term background above is used to describe two contexts. Environmental background
references describe the highest probable levels normally measured in the environment.
Laboratory backgrounds are low, ubiquitous levels in the laboratory subtracted from
sample measurements. Both uses are based on multiple or continuous measurements, are
statistically developed, and used to establish accurate and precise evaluations of
constituents in the environment.

Routine analytical methods have been issued by federal or state agencies, described by
professional organizations, published in refereed journals, or developed by individual
laboratories. Non-routine methods continue to be developed to address situations with
unusual or problematic matrices, improve detection limits, or identify new parameters.
Non-routine methods include adjustments to routine methods and new method
developments published in refereed literature.

Performance characteristics, such as detection limits, precision, and accuracy are
routinely documented with each analysis. These characteristics are evaluated as closely
as the reported measured values. Sample specific detection limits and analytical
uncertainties, reported as two times the total propagated uncertainty, are reported with
each radiological analysis and included in the data tables in Appendix B.

Detection limits are not listed for Suspended Sediment Concentrations but are generally
accurate between 50 and 550000 mg/L. Detection limits for metals are listed for
individual metal measurements and included in the data tables.

Plutonium and Sediment Transport

Two rating coefficients are developed within this section to describe the relationship of
plutonium and sediment measurements to discharge; a rating coefficient that describes
the relation between instantaneous discharge and plutonium and/or suspended sediment
concentrations in each storm flow event; and a rating coefficient that describes the
relation between peak discharge and mass inventories of plutonium and/or sediments
transported during storm events specific to a station.

References are then often made regarding contaminant or sediment availability for
transport in relation to the slope coefficients and measured concentrations. The
difference we make between the two is that plutonium and sediment values of
concentration in water, pCi/L or mg/L, define the instantaneous mass relationship to
volume of water. In this report, the slope or rating coefficients define the relationship of
plutonium or sediment to flow, L/s. If that relationship is defined for an event, the
“concentration slope coefficient” can be used to predict an instantaneous concentration
based on flow. Cumulative mass transport can then be calculated over time from
changing flow through the event.

If the slope coefficient changes over time, we can conclude that sediments and/or
contaminants are being transported at different rates. Future floods through an improving
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watershed capable of trapping more sediment would generate smaller slope coefficients.
These coefficients can be compared through time or space to identify differences in
availability.

Event Transport of Plutonium and Sediment

During 2000 to 2002 after the Cerro Grande fire, we found strong correlations existed
between discharge {Q), suspended sediment concentration, and total plutoniumm;240 in
stormwater. Using these relationships we estimated and reported that approximately 87
mCi of plutonium™***’ contained in 22000 tons of suspended sediment were transported
beyond LANL gage station E0O60 out of Pueblo Canyon (Englert et al., 2004). During
2003 to 2008 we used similar methods to estimate plutonium and sediment transport
inventory at six LANL gage stations in the Los Alamos watershed. Transport estimates

are presented for LANL gage stations E030, E042, E050, E055, E060, and E110.

We calculated plutonium mass transport for individual runoff events using relationships
between plutonium concentrations and instantaneous discharge measurements from
multiple samples collected during the event. Estimates of mass transport for events not
sampled could then be made by evaluating the relationships between peak flows and
masses calculated from the individual events that had been sampled. Sediment transport
was determined using similar methods, except the suspended sediment concentrations
were used in place of plutonium concentrations.

It should be noted that the Storm-Event-Transport evaluations are based on assumptions
that sediment and contaminant concentrations increased proportionately with increasing
flow. These assumptions were developed from empirical measurements in previous
reports and a few well characterized events during the period of this report. It was not the
intent of this report to fully characterize every event, but use the assumptions and
samples collected during an event to estimate its sediment and contaminant transport.

Plutonium and suspended sediment mass transport calculations for individual runoff
events were based on linear regression equations that describe a relationship between
paired (plutonium or suspended sediment) concentrations and associated discharge rates
for multiple samples collected during an event. The linear equation was used to predict
concentrations based on recorded flows throughout an event hydrograph. The stormwater
gages operated by the LANL Water Stewardship Program (EP-WSP), automatically
records discharge in five minute intervals. Integrating concentrations with associated
flow volumes provided the mass transport value for each interval. The total mass
transport is calculated by iterations of the calculation for the entire time duration of the
event or any time interval during the event.

We saw relationships demonstrating increasing concentrations of total plutonium in water
and suspended sediment as discharge increased, ranging from zero concentrations in no
flow to maximum concentrations limited by water velocity and turbulence. To determine
these relationships, we developed scatter or x-y plots for the paired data of each event
that we sampled, where x is the independent flow variable, and y is the dependent
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concentration variable. We used Microsoft Excel to fit trend lines through those data
points to develop the regression equation that best described the data relationship.
Predictions of concentration values for the remaining discharge recorded during a runoff
event can then be made using this equation.

The following example in Figure 3 demonstrates the correlation of plutonium
concentrations in 14 samples and associated flows collected during a 21 cfs peak storm
event that occurred at EO60 on August 18, 2004.

Plutonium - Flow Correlation y = 0.2564x
6001 ' ' |R? = 0.8692

5.00 > '
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Figure 3 Discharge and Plutonium Concentration Linear Correlation Example

The equation y = 0.2564x demonstrates the correlation where y, the dependant variable
for plutonium concentration, is equal to 0.2564 (the slope coefficient) times x, the
independent variable of water flow. For every increment increase in discharge there is a
corresponding 0.2564 times increase in plutonium concentration. The coefficient of
determination (R?) = 0.8692 expresses the amount of the variation in y that is explained
by the regression line, and its square root r, the linear correlation coefficient, measures
the strength or significance of the relationship. In this case, 87% of variation is explained
by the trend line and the square root of R” equal to 0.93, is evidence of greater than a
99% degree of confidence in the correlation {critical value for r at 0.01 alpha is 0.661).

Figure 4 demonstrates the predicted concentrations based on recorded discharge and the
regression equation throughout an event hydrograph. To determine mass transport the
flow volume is integrated with the predicted concentration. For each five minute
recorded discharge an estimate of flow volume is determined by multiplying the rate in
cubic feet per second by 300, the number of seconds in five minutes, and then by
28.31685, the factor for converting cubic feet to liter volume. This volume of water
measured in liters is multiplied by the associated suspended plutonium or sediment
concentration in pCi or mg per liter to determine the mass transported during that 5
minute interval. Using plutonium and suspended sediment concentrations derived from
the fitted curve, mass can be obtained from the discharge for any time interval during the
storm flow event. In this case at EO60 on August 18", 2004, we estimated 0.009 mCi
mass transport of plutonium over a three hour and 40 minute duration.
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Figure 4 Measured and Predicted Plutonium Concentrations Based on Flow/Concentration Linear
Coarrelation

Spatial and temporal total transport estimates are derived using relationships between
peak discharge and associated mass transport in a similar fashion as mass transport
evaluations were accomplished for individual storm events. Rating curves were
generated for each station correlating plutonium or sediment inventories from each event
and its paired peak discharge. An equation that described the correlation was then used
to predict the transport mass for events not sampled. Transport inventories between
stations or seasons could then be evaluated by comparing the sum of the inventories at
individual stations or between the seasons of interest.

For example, we estimate that 134 to 182 mCi of plutonium was transported beyond
E060 from 2003 to 2007, and that the transport inventory was diminishing from a 22 mCi
level in 2003 to one mCi in 2007, except for 2006. During 2006, up to 88 mCi of
plutonium was transported beyond EQ60 due to an extraordinary 1926 cfs peak storm
event on August 8 in which 77 mCi of that estimate was moved.

We also suggest that the majority of the contaminant is originating from Pueblo Canyon.
While up to 182 mCi came from Pueblo Canyon, approximately 1.08 mCi originates
from mid Los Alamos Canyon above E050, and approximately 34 mCi moved beyond
E110 to the Rio Grande. Additional discussion regarding seasonal and sub-watershed
transport differences are discussed in later sections.

The uncertainty associated with these estimates originates from random measurement
error; including chemical analysis, discharge measurement, sampling inconsistencies, as
well as natural environmental dispersion. We found that in some cases, the correlations
are over influenced by single measurements and might underestimate the inventory at
large discharge rates and overestimate it at low flows, or the inverse. Individual
judgments were sometimes used to identify the significance and source of variability.
For example, at E110, our assessment suggests that contaminant inventory transport is
affected by the origin of the storm event. Contaminant loads are greater when the floods
originate from Pueblo Canyon rather than Guaje Canyon. At E060 we generated a range
of inventory transport to compensate for the uncertainty.

Strong linear and nonlinear relationships developed that demonstrate increasing
concentrations of total plutonium in water and suspended sediment as discharge
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increased, ranging from zero concentrations in no flow to maximum concentrations
limited by water velocity and turbulence. Nonlinear or exponential relationships suggest
the rates of concentration increases were not uniform, although many of them are close to
linear. This linearity is indicated by an exponent approaching one. In some cases, the
relationships did not exist, we were only able to collect a single sample during an event,
or suspect the discharge recordings were in error. Alternate methods exist for estimating
mass transport, such as using single concentrations or averages and integrating them with
discharge, but the inventory estimate errors would be much larger. We found linear
correlations with the intercept set at zero provided the best estimates.

The following Table 3 contains the evaluations for the individual storm events sampled
during the period of this report. It includes the station, date, peak discharge, plutonium
and sediment mass transported during each event. The evaluations for each event are
presented in Appendix C. Additional runoff was sampled but evaluations are only
possible for locations that have reliable discharge measurements.

Table 3 Plutonium and Sediment Transport Evaluations for Each Sampled Event

" Peak Flow| Plutonium | Sediment , Peak Flow| Plutonium | Sediment
G et (cfs) (mCi) | (tons) Station | Date "y | imci) | ftons)
E055 B8/25/2006 45 0.0015 50| [E060 B/12/2003 60 0.314 09
E055 711412007 0.7| 0.0000053 02| |eos0 B/22/2003 90 0.03 158
E055 712612007 21  0.00036 77| |eos0 9/6/2003 243 4.25 1345
E055 B8/4/2007 0.9] 0.0000054 0.1| |Eoso 7/23/2004 21 0.015 3
E055 9/1/2007 4.2} 0.0000259 1| |eos0 7/27/2004 262 1.28 171
E030 8/12/2005 1 0.009 7| |eoso 8/18/2004 21 0.009 2
E030 8/13/2005 7 0.004 3| |eoso B/20/2004 40 0.015 15
E030 8/22/2005 5 0.004 35| [E0GO B/24/2005 85 0.39 207
E030 8/24/2005 27 0.029 23| |eoso 7/26/2006 2| 0.00013 1.05
E042 8/12/2005 70 0.172 232| |eoso 8/5/2008 1] ©0.00043 0.06
E042 8/1212005 135 0.137 184| |E0BO B/B/2006 1926 76.85 4559
E050 Bf1/2006 16 0.005 45| [E060 8/25/2006 102 1.273 125
E050 Bf7/2006 24 0.014 20| |eoso 8/6/2007 4| o0.0007 4
£050 B/8/2006 252 0.21 122| [E110 8/12/2005 18]  0.0083 7
£050 B/6/2007 5 0.0003 38| [E110 8/24/2005 16 0.041 2
E050 B8/29/2007 18 0.012 15| E110 8/25/2005 1 0.015 7
£050 9/1/2007 3 0.003 18| |E110 7/6/2006 9| 0.0004 7
E050 9/2/2007 30 0.017 21| |e110 7/6/2006 1 0.003 8
E050 7/4/2008 15 0.1977 171 |Et1o 8/6/2006 49 0.007 20
£050 8/9/2008 53 0.0233 15| |E110 8/8/2006 1642 288 5209
£050 8/23/2008 2.7 0.0015 08| |E110 8/19/2006 16 0.004 14
E110 8/25/2006 89 117 368
E110 712212008 69 0.005 64

Station Transport of Plutonium and Sediment

We found that linear relationships also exist between transport estimates and peak
discharge from multiple events at stations that demonstrate similar watershed conditions.
Using these correlations transport masses can be estimated for events not sampled.
Evaluating the differences of the relationships between events and stations, especially the
Inventory Rating Coefficients, can also be useful in identifying changes in the watershed.
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Spatial and temporal total transport estimates are derived using relationships between
peak discharge and associated mass transport in a fashion similar to mass transport
evaluations accomplished for individual storm events. Rating curves were established for
each station correlating plutonium and sediment inventories from each event to its paired
peak discharge. An equation that described the correlation was then used to predict the
transport mass for events not sampled. Transport inventories and rating coefficient
comparisons between stations and time frames may provide insight into watershed
conditions.

We assessed these relationships at six stations. One station, EQ55 is the furthest upstream
station in Pueblo Canyon and is considered a background location for contaminant
transport. The furthest upstream station in Los Alamos Canyon is E030 which is
considered baseline for contaminant transport in that canyon, though it shows some
radiological and PCB contaminant inputs. The remaining four, E060, E042, EG50, and
E110, are down-gradient of contaminant source terms. Station E110 is the Los Alamos
Canyon watershed endpoint just prior to it entering the Rio Grande, and E060 is the
Pueblo Canyon endpoint that discharges to mid-Los Alamos Canyon. Stations E042 and
E050 are above and below a low head weir impound in mid-Los Alamos Canyon. They
are located just above the Pueblo Canyon/Los Alamos confluence. An additional
relevance for stations E050 and EO60 are that they are both just above the eastern down-
gradient boundary of the Laboratory.

The plutonium and suspended sediment relative transport assessments in this discussion
are based on rating coefficients generated for typical storm flow events. Transport
loading is relative to the size of the coefficient, and inference is made from comparison of
baseline station coefficients to those downstreamn or below impaired reaches. Generally,
the smaller the coefficient, the more stable the channel conditions and smaller amounts of
sediments and contaminant are available for transport.

Hydrographs generated within the ephemeral streams of the Pajarito Plateau, including
the Los Alamos watershed are generally considered “flashy”. Storm surges typically
generated hydrographs that illustrated fairly quick rises to peak discharge and then slower
declining limbs. While storm intensity, duration and movement of storm patterns, and
drainage basin characteristics produce variations in flood hydrographs, those variations
are most pronounced between the frequent summer monsoonal events that produce short-
lived and intense floods relative to the infrequent autumn large-frontal system rainfall
that produce longer, broader, and less intense floods.

Most of the events evaluated during this report period are from the monsoonal events that
produced short flood durations relative to their peak flow. Using station specific
inventory rating coefficients for subsequent events that generate longer duration floods
with multiple peak surges would under-estimate transport inventories. Although using
these evaluations includes additional error in our estimates, we believe they are
reasonable.

Table 4 summarizes the variables introduced above for the 2003 to 2008 stormwater
conditions at six stations in the Los Alamos watershed. Those variables are plutonium



and sediment transport inventories, count of flows greater than 10 cfs, and the rating
coefficients that identify transport availability. Those parameters are listed in the upper
part of the table. In the lower section, gross calculations for the concentrations are
presented for comparison. Gross plutonium concentrations presented here refer to
average concentrations derived from the total plutonium mass divided by the total
sediment load. The calculations are based on the total plutonium inventory estimate
divided by the tons of sediment transported. More precise values are presented in later
sections that describe the spatial and temporal trends of plutonium and suspended
sediment in stormwater.

These factors demonstrate near-background conditions in upstream Pueblo and
downstream Guaje Canyons, and moderate LANL impacts within the mid Los Alamos
Canyon reach relative to large impacts in Pueblo and lower Los Alamos Canyons.

Table 4 Plutonium and Sediment Transport Rating-Curve Summary

Station £030 E042 E050 E058 E060 E110]
flow count 16 58 33 3 48 33
max pu inventory (mCi) 0.32 3.21 1.08 0.13 182 344
min pu inventory (mCi) 134
max rating coefficient 0.001 0.0013 0.0008 0.00003 0.037 0.018
min rating coefficient 0.019 0.00005*
max Sediment inventory (tons) 255 4384 755 4182 19348 7548
min Sediment inventory (tons) 576 13848 6119
max rating coefficient 0.80 1.78 0.75 0.98 478 3.17
min rating coefficient 0.51 271 0.72
[Gross calculation of plulonium in sediments based on total tranported sediments and plutonium
Station £030 E042 E050 EOS5  E060 E110
pCilg 1.38 0.81 1.20 0.03 8.01 5.02
0.28*

*based on projected plutonium and sediment transport from Jéuaje (-:anyun
The following narrative describes the evaluations at each station.

E055

We sampled five of 31 runoff events at E0S5 in upper Pueblo Canyon above the Acid
Canyon confluence. Plutonium concentrations are near background levels and the
inventory/peak discharge rating coefficient, 0.00003, identifies little availability of the
contaminant for transport. The sediment rating coefficient, 0.98, identifies stable channel
conditions similar to those in upper watershed areas like E030. Its coefficient is 0.80.
E055 demonstrates contaminant and sediment baseline conditions. The following charts
in Figures 5 and 6 demonstrate the plutonium and sediment mass transport correlation to
peak discharge at E055.
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Figure 5 Plutonium Mass and Maximum Instantaneous Discharge Correlation at E055
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Figure 6 Sediment Mass and Maximum Instantaneous Discharge Correlation at E055

Table 5 lists all of the recorded flow events above 10 cfs at E055. The dates, peak
discharge, measured plutonium and sediment mass transport masses evaluated in the
preceding section, and estimated transport masses from this section are listed. The
events, dates, and measured transport masses are in red, the remaining are estimates
based on the relationships presented in the preceding charts. The cells in the lower right

of the table are estimates of cumulative plutonium and sediment transport during 2003 to
2008.
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Table 5 Plutonium and Suspended Sediment Transport at E055 from 2003 through 2008

Peak Plutonium | Sediment Peak Plutonium Sediment
Flow transport transport Flow transport transport
Date {cfs) {(mCi} {tons) Date {cfs) {(mCI) (tons)
1/28/2008 68 0.00204 66.5 7115/2005 30 0.0009 293
71412007 0.71 0.0000053 0.2 8/12/2005 14 0.00042 13.7
712612007 21 0.00036 7.7 8/13/2005 123 0.00369 120.3
8472007 0.9 0.0000054 0.1 8/24/2005 53 0.00159 51.8
9/1/2007 4.24 0.0000259 1.0 9/28/2005 10 0.0003 9.8
8/1/2008 16 0.00048 15.6 9/29/2005 16 0.00048 15.6
81712008 15 0.00045 14.7 9127/2004 1 0.00033 10.8
8/7/2006 14 0.00042 13.7 10/5/2004 28 0.00084 274
8/8/2006 1780 0.0534 1740.3 12/18/2004 10 0.0003 0.8
8/19/2006 12 0.00036 17 8/141/2003 26 0.00078 254
8/25/2006 45 0.0015 50.0 8/23/2003 1179 0.03537 1152.7
1/3/2005 14 0.00042 13.7 8/26/2003 61 0.00183 598.6
2/9/2005 13 0.00039 127 8/30/2003 19 0.00057 18.6
2/10/2005 18 0.00054 176 9/3/2003 14 0.00042 13.7
2/12/2005 1 0.00033 108 9/6/2003 651 0.01953 636.5
4/16/2005 11 0.00033 10.8 sum H 0.128 4182

Measured events in red

We estimate 0.128 mCi plutonium in 4182 tons of sediment was transported over the six
year period of this report. The rating coefficient for the plutonium/peak discharge
correlation is 0.00003 and for the sediment/peak discharge 0.98. Dividing the plutonium
transport mass by the suspended sediment mass and applying unit conversions results in a
gross estimate of plutonium concentration in sediments of 0.03 pCi/g. These figures
generally describe background contaminant concentrations and a watershed condition
that delivers relatively small sediment loads. As a check on the calculated 0.03 value, the

average concentration of plutonium

239240

measured in nine suspended sediment samples

collected during 2002 was 0.03 pCi/g (Englert et al., 2004). Also, Figure 25 in the Spatial

Trends section demonstrates the average measured concentration of plutonium in

suspended sediment for twenty E055 samples collected for this report is 0.06 pCi/g. The

background plutonium

239/240

concentration in canyon sediments on the Pajarito Plateau is

0.068 pCi/g (Ryti et.al., 1998). Ryti’s value demonstrates a 95% upper confidence level

for plutonium

239240

concentrations in sediments originating from atmospheric testing of

nuclear weapons fallout. Transport of 4182 tons suspended sediment is comparable to
the other baseline stations located in the upper reaches of the watershed relative to the
size and number of storm events.

Table 6 summarizes the annual transport masses of plutonium and sediment. The plutonium
and sediment transport mass variability is relative to precipitation rates and associated
stormwater runoff from both the upper Pueblo watershed and urban developed areas of Los
Alamos County. The estimates for 2003 and 2006 reflect two large events at E055, the
August 23", 2003 1179 cfs and August 8™, 2006 1780 cfs events. These two of the total 31
floods transported approximately 69% of suspended sediment and contaminant loads, 28% in
the August 23" 2003 flood and 42% in the August 8", 2006 flood.
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Table 6 Annual Estimates of Plutonium and Suspended Sediment Transport at E035

Plutonium | Sediment
Year transport | transport
{mCi) (tons)

2003 0.062 1907
2004 0.001 48
2005 0.009 306
2006 0.057 1846
2007 0.0004 9
2008 0.002 67

An extrapolation to the 1780 and 1179 cfs values at E055 could introduce a significant
amount of error in the transport estimates as demonstrated by evaluations at E050, E060,
and E110. Although similar assessments for variability could not be made at E055; the
contaminant load, the inventory rating coefficients, and gross concentrations of
plutonium in sediments, all derived from the extrapolation appear to substantiate the
fairly low estimates that might be expected for a station located above probable LANL
impacts. These data appear to reflect background conditions well and became useful
reference information.

E030

We sampled four of 16 runoff events at E030 in upper Los Alamos Canyon above the DP
Canyon confluence. Plutonium concentrations are above background levels and the
inventory/peak discharge correlation rating coefficient 0.001 identifies a greater
availability of the contaminant for transport at E030 than E055 demonstrating Laboratory
impacts. The following charts in Figures 7 and 8 demonstrate the plutonium and
sediment mass transport correlation to peak discharge at E030.
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Figure 7 Plutonium Mass and Maximum Instantaneous Discharge Correlation at E030
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Figure 8 Sediment Mass and Maximum Instantancous Discharge Correlation at E030

Table 7 lists all of the recorded flow events above 10 cfs at E030. The dates, peak
discharge, measured plutonium and sediment mass transport masses evaluated in the
preceding section, and estimated transport masses from this section are listed. The
events, dates, and measured transport masses are in red, the remaining are estimates
based on the relationships presented in the preceding charts. The cells in the lower right
of the table provide the cumulative approximations for plutonium and sediment transport
during 2003 to 2008 at E030.

Table 7 Plutonium and Suspended Sediment Transport for E030 from 2003 through 2008

Peak Plutonium Sediment
Flow transport transport

Date {cfs) {mCi) {tons)
9/4/2008 17 0.017 135
9212007 17 0.017 135
9/6/2007 24 0.024 19.1
12/1/2007 13 0.013 104
8/8/2006 20 0.09 7.7
8/25/2006 40 0.04 319
7/15/2005 12 0.012 9.6
B/12/2005 11 0.009 7.0
8/13/2005 7 0.004 3.0
8/22/2005 5 0.004 3.5
812412005 27 0.029 23.0
712412004 14 0.014 11.2
5/20/2003 10 0.01 8.0
5/21/2003 10 0.01 8.0
8/23/2003 15 0.015 12.0
9/6/2003 12 0.012 9.6
sum 16 0.32 255

Measured events in red
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We estimate 0.32 mCi plutonium in 255 tons of sediment was transported over the six
year period of this report. The inventory/peak discharge rating coefficient is 0.001 and a
gross estimate of plutonium concentration in sediments is 1.38 pCi/g. The average
measured concentration seen in Figure 28 in the Spatial Trends section is 1.70 pCi/g.
Both the plutonium concentration in suspended sediments and rating coefficient are
greater than at E055 and demonstrate more availability of the contaminant for transport
and a Laboratory impact in Los Alamos Canyon. They are similar to the other mid Los
Alamos Canyon stations, E042 and E050, and exhibit the same contaminant availability.

The E030 sediment/peak discharge rating coefficient is 0.80 and is similar to E042, E050,
and E055. This suggests they deliver similar sediment loads relative to storm events.
While comparable, the differences may also demonstrate their location in the watershed.
Like E030, Pueblo Canyon station E055 is relatively high in the watershed. E042 retains
a larger value and is lower in the watershed. While E050 is farther downstream, it is
located below an impoundment that reduces sediment availability.

E030 plutonium/peak discharge and sediment/peak discharge rating coefficients are much
less than the Pueblo Canyon E060 station and the lower Los Alamos Canyon station
E110. The rating coefficients demonstrate a smaller level of sediment and contaminant
availability at E030 than E060 or E110.

Table 8 summarizes the annual transport masses of plutonium and sediment at E030. The
estimate reflects a larger event at E030 during 2006, the August 8" 90 cfs event. This one of
16 events transported approximately 28% of the total suspended sediment and contaminant
loads. Otherwise the plutonium and sediment transport mass reflect fairly uniform conditions
during the period of this report.

Table 8 Annual Estimates of Plutonium and Suspended Sediment Transport at E030

Plutonium | Sediment
Year transport | transport
{(mCi) (tons)

2003 0.047 38
2004 0.01 11
2005 0.06 46
2006 0.13 104
2007 0.05 43
2008 0.02 14

E042

We sampled only two of 58 runoff events at E042 in mid-Los Alamos Canyon. This
location is above a low head weir and many of the flows at E042 were completely
impounded by the structure, while E050 is located below the weir. An assessment of this
location may provide information regarding the effectiveness of the impoundment in
sediment load reduction. Although this number of samples is inadequate to describe the
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conditions of the watershed here, they begin to provide values similar to what we

expected. Additional sampling would be required to characterize this assessment more
fully.

Plutonium concentrations are above background levels and the inventory/peak discharge
rating coefficient identifies availability of the contaminant for transport demonstrating
Laboratory impacts. The sediment/peak discharge rating coefficient may identify an
increasing sediment load as the area or percentage of impermeable area of the watershed
drained increases. The following charts in Figures 9 and 10 demonstrate the plutonium
and sediment mass transport correlation to peak discharge at E042.
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Figure 9 Plutonium Mass and Maximum Instantaneous Discharge Correlation at E042
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Figure 10 Sediment Mass and Maximum Instantancous Discharge Correlation at E042
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Table 9 lists all of the recorded flow events above 10 cfs at E042. The dates, peak
discharge, measured plutonium and sediment mass transport masses evaluated in the
preceding section, and estimated transport masses from this section are listed. The
events, dates, and measured transport masses are in red, the remaining are estimates
based on the relationships presented in the Figures 9 and 10. The cells in the lower right
of the table provide the cumulative approximations for plutonium and sediment transport
during 2003 to 2007 from E042.

Table 9 Plutonium and Suspended Sediment Transport for E042 from 2003 through 2008

Peak | Flutonium | Sedimant Peak | Plutonium | Sediment
Flow transport | transport Flow transport | transport

Date | ([cfs) {mCi) {tons) Date {cfs) (mCi) {tons)
312312007 24 0.0312 43 4/18/2005 15 0.0195 27
3/24/2007 16 0.0208 28 4/19/2005 16 0.0208 28
51212007 20 0.026 36 4/24/2005 40 0.052 71
5182007 13 0.0169 23 4/25/2005 11 0.0143 20
5/13/2007 13 0.0169 23 4/26/2005 10 0.013 18
61272007 13 0.0169 23 51312005 Kh| 0.0403 55
6/16/2007 41 0.0533 73 5/8/2005 10 0.013 18
713012007 15 0.0195 27 51112005 10 0.013 18
8/6/2007 10 0.013 18 71512005 30 0.039 53
8/29/2007 52 0.0676 93 8/4/12005 35 0.0455 62
91/2007 10 0.013 18 8M2/2005 70 0.172 232
9/2/2007 86 0.1118 153 8/12/2005 135 0.137 184
9/6/2007 64 0.0832 114 81372005 22 0.0286 3g
9/23/2007 10 0.013 18 8/22/12006 39 0.0507 69
9/23/2007 16 0.0208 28 82412005 138 0.1794 246
9/29/2007 10 0.013 18 B/25/2005 65 0.0845 116
713/2006 3 0.0403 55 9/29/2005 20 0.026 36
71512006 194 0.2522 345 7/23/2004 18 0.0234 32
7/9/2006 43 0.0559 77 7/24/2004 40 0.052 71
8/1/2006 36 0.0468 64 7/127/2004 10 0.013 18
8/7/2006 43 0.0559 77 8/20/2004 i8 0.0234 32
8/8/2006 240 0.312 427 10/5/2004 i6 0.0208 28
8/25/2006 221 0.2873 393 10/11/2004 18 0.0234 32
10/9/2006 17 0.0221 30 5/20/2003 14 0.0182 25
1/4{2005 25 0.0325 45 5/21/2003 14 0.0182 25
211212005 13 0.0169 23 5/25/2003 18 0.0234 32
6/16/2005 28 0.0364 50 8/23/2003 94 0.1222 167
31772005 20 0.026 36 8/25/2003 94 0.1222 167
4/16/2005 37 0.0481 66 9/6/2003 22 0.0286 39
sum 58 3.21 4384

Measured events in red

We estimate 3.2 mCi plutonium in 4384 tons of sediment was transported over a five year
period. This station has not been in operation since October 2007 and does not include
an increase in contaminant load due to an upstream TA-21 waterline break in 2008. The
plutonium concentrations temporarily increased by three orders of magnitude at E050
after the waterline break., Subsequent stormwater evaluations there demonstrate that the
levels are reducing and may continue to drop to levels seen before the break.

The 0.0013 plutonium rating coefficient and a 0.81 pCi/g plutonium concentration
estimate are greater than those values at the background station E055 and similar to those
in mid Los Alamos Canyon. Stations E030 and E050 demonstrate a Laboratory impact,
yet relative to those at Pueblo Canyon station E060 and lower Los Alamos Canyon E110
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the impact is small. After the July 4” waterline break in 2008 those impacts have surely
increased as seen in the EQ50 evaluation.

The E042 sediment coefficient 1.78 is larger than the E055, E030, and E050 values, 0.98,
0.80 and 0.75 respectively. The differences may demonstrate an increasing sediment
load as the watershed drainage area increases, as well as an expected 58% sediment load
reduction within the low head weir impoundment.

Table 10 summarizes the annual transport masses of plutonium and sediment. The cstimates
for 2005 and 2006 reflect a larger frequency of events during 2005 and three events much
larger than average in 2006. Those events occurred July 5, August 8", and August 25"
contributing peak discharges of 194, 240, and 221 cfs respectively. These three of the 58
events contribute approximately 27% of the suspended sediment and contaminant transport
load. The difference in flood variability between E030 (16 events) and E042 (58 events) may
originate from the Los Alamos town-site stormwater contributions at DP Canyon.

Table 10 Annual Estimates of Plutonium and Suspended Sediment Transport at E042

Plutonium | Sediment
Year | transport | transport
(mCi) (tons)

2003 0.33 455
2004 0.16 213
2005 1.37 1512
2006 1.07 1468
2007 0.69 736

E050

We sampled ten of 33 runoff events at EQ50 in mid Los Alamos Canyon above the
Pueblo Canyon confluence. This station is at the eastern boundary of the Laboratory and
below the Los Alamos low head weir. The plutonium/peak discharge rating coefficient
demonstrates Laboratory impact similar to that found at mid Los Alamos stations E030
and E042. The suspended sediment coefficient is similar to the E030 and E055 stations
in the upper Los Alamos watershed, but slightly smaller than E042 located just above the
low head weir impoundment. An overall reduction in the plutonium inventory transport
occurred, from 3.2 mCi in 4384 tons of sediment at E042 to 1.1 mCi in up to 727 tons of
sediment at E050. Many of the flows observed at E042 were completely impounded
above the low head weir and contributed to the 3657 tons of sediment retained there.
Stormwater discharge was monitored for only 5 years at E042, from 2003 to 2007. Only
33 flows greater than 10 cfs were observed at EQ50 compared to 58 flows at E042.
Additional charts are presented in Figure 11 to demonstrate the plutonium and sediment
mass transport correlations to peak flows at E050, including and excluding the
extraordinary August 8th, 2006 storm event and the impacts from the July 4th, 2008
waterline break at TA-21.
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Table 11 lists all of the recorded events above 10 cfs at E050. The dates, peak discharge,
measured plutonium and sediment mass transport masses evaluated in the preceding
section, and estimated transport masses from this section are listed. The events, dates,
and measured transport masses are in red, the remaining are estimates based on the
relationships presented in the preceding charts. The cells in the lower right of the table
provide the cumulative approximations for plutonium and sediment transport during 2003
to 2008 at E0QS50.

Table 11 _Plutonium and Suspended Sediment Transport for E050 from 2003 through 2008

Sediment Sediment Sediment Sediment
Peak | Plutonium transport transport Peak | Plutonium transport transport
Flow transport | (tons)using | (tons)using 0.75 Flow transport | (tonsjusing | (tons)using 0.75
Date {cts) (mCH | 0.51 coefficient coefficlent Date {cfs) {mCi} | 051 cuefﬂclent_i coefficient
8123108 27 00015 1 1| 6/29/06 26 0.0208 13 19
810/08 18 0.0144 9 13| 9/29/05 21 0.0168 11 16
8/9/08 53 00233 Z 2| o/28/05 13 0.0104 7 10
714108 1.5 0.1977 2 2| 8/25i05 28 0.0224 14 21
24108 23 0.0184 12 17| /24105 51 0.0408 26 3B
1728/08 16 0.0128 8 12 2205 10 0.008 5 7
121407 35 0.028 18 26]  8M3/05 10 0.008 5 7
96/07 22 0.0178 i1 16]  aM2/05) 22 0.0176 1" 16
912/07, 30 0.017 21 il 513105 15 0.012 8 "
91407, 3 0003 2 I 424105 16 0.0128 8 12
8129/07 18 0012 15 15 4016/05 20 0.016 10 15
8/6/07 5 0.0003 4 4 114105 1% 0.0128 8 12
3123107 11 0.0088 [ Bl  80/04 12 0.0086 6 9
8125/06 72 0.0576 7 54| 724104 34 0.0272 17 25
8/8/06 252 0.21 122 122 W23104 " 0.0088 6 8|
706 24 0014 20 2| 9526/03 16 00128 8 12
8/1/06 16 0.005 5 a  8/23/03 43 00344 22 32
71906 17 0.0136 g 13|  8/22/03 15 0.012 B 1
715106 148) 01184 76 1] 520103 10 0.008 & _7]
sum 38] 1.08] 576] 755

Measured events in red

We estimate 1.08 mCi plutonium in 576 to 755 tons of sediment was transported beyond
this station over the six year period of this report. The slope coefficient for the
plutonium/peak discharge correlation, the rating coefficient, is 0.0008. The coefficient
for the sediment/peak discharge correlation ranges from 0.75 to 0.51. A piecewise
evaluation of sediment yield produces a 727 ton estimate. The gross estimate of
plutonium concentration in sediments ranges from 1.58 to 2.08 pCi/g, although these
estimates include the increased plutonium availability during 2008. A better estimate
might be 1.2 pCi/g excluding the temporary influx from the TA-21 waterline break. The
average measured concentration seen in Figure 28 in the Spatial Trends section is 1.28
pCi/g.

Two estimates are made to present the possible differences that developed from an
extraordinary flood event August 8", 2006 and the impact from the waterline break at
TA-21 on July 4™, 2008. The August flood was by far the largest to occur in the
watershed during this period and the TA-21 waterline break introduced new legacy
contaminant levels to the canyon bottom. Plutonium concentrations in suspended
sediments temporarily increased by two orders of magnitude, from an average of 1.2
pCi/g to 160 pCi/g. Subsequent storm flows have almost reduced levels to those before
the break.

The left Plutonium/Discharge Correlation chart in Figure 11 includes all evaluations.
Notice that the plutonium transport for both the August 8" event and the July 4th are the
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same, 0.2 mCi. The difference between a 122 ton sediment load that contained smaller
concentrations of contaminant, similar to the August event, and that of a 1.5 ton sediment
load with large contaminant concentrations, fike the July event, is evident. Subsequent
events sampled on August 9' and 23™ demonstrate that contaminant concentrations are
reducing. Although due to the changmg conditions, an underestimation has likely been
made on the 18 cfs August 10" event. It may have transported as much as 0.2 mCi of
plutonium rather than the 0.0144 mCi estimate presented in Table 11.

An alternate correlation without the extraordinary events is presented on the right in
Figure 1. The plutomum/peak discharge rating coefficient did not change, but the
coefficient of determination (R?) increased. The E050 rating coefficient 0.0008 is much
larger than 0.00003 at the background station E055, and similar to the mid Los Alamos
stations E030 and E042. Those coefficients are 0.001 and 0.0013 respectively. E050,
E042, and E030 evaluations demonstrate impact by the Laboratory at mid Los Alamos
Canyon but less than seen at the Pueblo endpoint station E060 and lower Los Alamos
Canyon station E110.

The E050 sediment/peak discharge rating coefficient 0.75 is similar to those at E030 and
E055, 0.80 and 0.98 respectively, and less than the 1.78 value at E042. The sediment
rating coefficient comparisons to the upper Los Alamos watershed stations demonstrate
similar watershed conditions or capacity to carry sediment, as well as a load reduction
within the low head weir impoundment when compared to E042. Based on the 0.75 and
1.78 coefficients at E050 and E042 we expected a 58% reduction in sediment
transmission through the weir impoundment.

Excluding the August 8" event increased the slope by a small degree. This suggests
using the 0.75 slope overestimates sediment load for larger events while use of the 0.51
slope could underestimate the sediment transport in small events. An alternate method
provides a modification to the assessment. A piecewise linear approximation includes
multiple steps of correlations, in this case two. The linear approximation between ¢ and
72 cfs generates the 0.75 slope coefficient and between 72 and 252 cfs a linear equation y
= (0.3778*x) + 26.8 is developed. This equation was applied to a 148 cfs discharge
recorded July 7™, 2006. An 83 ton estimate was generated and included in the transport
sum rather than a 76 to 111 ton range for this event.

Table 12 summarizes the annual transport masses of plutonium and sediment. The
estimates for 2005 and 2006 reflect a higher frequency of events during 2005 and two
events much larger than average in 2006 Those two events in seven measured runoffs in
2006 occurred July 5™ and August 8" contributing peak discharges of 148 and 252 cfs
respectively. The plutonium and sediment contributions were 0.12 mCi in 111 tons and
0.21 mCi in 122 tons of the 0.44 mCi in 344 tons sum for 2006. They contributed almost
a third of the total suspended sediment and contaminant transport from 38 events during
the period of this report. The plutonium transport estimate in 2008 includes the large
amount of plutonium available resultmg from the waterline break at TA-21. That
relatively small flow event on July 4™ contributed 19% of the total contaminant transport
at E050.
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Table 12 Annual Estimates of Plutonium and Suspended Sediment Transport at E050

Plutonium | Sediment
Year transport | transport
(mCi) (tons)

2003 0.07 63
2004 0.05 42
2005 0.18 166
2006 0.44 344
2007 0.09 93
2008 0.27 47

Although we expected a 58% reduction in sediments based on the differences in rating
coefficients, we estimated an average 80% reduction of sediment transport in events
flowing through the weir to E050, and a total 86% reduction including events completely
impounded above the weir. A corresponding reduction in plutonium transport is also
observed; an average 71% reduction measured in flows from both sites and a total 77%
reduction when impounded flows are included in the evaluation.

Nine percent enrichment in plutonium content (difference between the sediment and
plutonium reductions) may originate from the “fining” of suspended sediments as it
passes through the impoundment. Retention time within the impoundment may allow
coarser grained materials to settle. The enrichment is associated with the propensity of
plutonium to adhere to the finer grained sediments.

This estimate covers 58 flows observed at E042 and 31 flows at E050 during 2003 to
October of 2007 when discharge measurements were halted at E042. It does not include
2000 through 2002 or 2008, four of the nine years since the weir was constructed. From
2003 to 2007, 31 events were completely impounded by the weir and 27 corresponding
flows were observed at both E042 and E050. Four additional events gauged at E050
were not observed at the upstream E042 station and we suspect the E042 gage was not
functioning.

During this time period, we estimate that approximately 3757 tons of sediment was
retained above the weir. At E042 we estimate that 4384 tons of suspended sediments
passed the station in storm water. At E050 below the weir, 627 tons of suspended
sediments passed. These estimates did not include an additional 125 tons transported at
EO050 during 2008 or for four flows observed at E050 but not at E042,

Work performed by LANL in 2009 may partially substantiate this estimate. In May of
2009, LANL began sediment removal at the weir at the direction of the New Mexico
Environment Department. Approximately 80 yd® of sediment from the impoundment
surface containing higher concentrations of several constituents, including dioxins/furans,
was segregated and disposed of as low-level radioactive waste at TA-54, Area G (LANL,
2009). These materials probably originate from the TA-21 SWMU eroded during the
waterline break in July of 2008. An additional 5000 yd® was excavated and placed onto
the adjacent hill slope upstream of the weir.
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Using a 1.28 gram/cm® density conversion factor for clay loam sediments, the 5080 yd®
of excavated material is equivalent to 5480 tons. Our 3757 ton estimate for five of the
nine year period of sediment accumulation above the weir appears fairly consistent with
the 5480 tons of sediment excavated by LANL.
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The August flood was by far the largest to occur in the watershed during this report
period. The left correlation in Figure 12 includes the August 1926 cfs event and develops
a 0.037 rating coefficient. It appears to overestimate transport for smaller flood events.
The correlation on the right does not include the large event and develops a 0.019
coefficient, similar to the original 0.02 coefficient derived in our 2000-2002 report
(Englert et al., 2004). Using that coefficient for large events may underestimate the
transport inventory.
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Figure 13 Alternate EQ60 Plutonium Mass Rating Curve that Includes Range

Figure 13 combines both correlations and represents the range of inventory estimates
derived from them. The transport estimate derived from inclusion of the August 1926 cfs
flood develops a 0.037 coefficient while that from the smaller floods develops a 0.019
coefficient. These coefficients are applied to all flows at E0O60 to develop 208 mCi to
305 mCi range of the transport inventories.
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A similar treatment is presented for the sediment transport estimates in Figure 14.
Inclusion of the August event in the upper chart generates a 2.7 rating coefficient but
appears to underestimate the smaller events, If the correlation developed from exclusion
of the August event is used a 4.78 coefficient is derived and an overestimation is made on

the large events.
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Figure 14 Sediment Mass and Maximum Instantaneous Discharge Correlation at E060, Including
with and without Extraordinary Runeffl Event

Figure 15 below combines both correlations and represents the range of inventory
estimates derived from the correlations. The rating coefficients for the sediment/peak
discharge correlation range from 2.71 to 4.78 and develop a 27714 ton to 38766 ton
transport inventory estimate.
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Figure 15 Alternate E060 Sediment Mass Rating Curve Range

The E060 plutonium rating coefficients, 0.019 or 0.037 are three orders of magnitude
greater than the background station E055 coefficient which is 0.00003. They are also one
order of magnitude greater than the coefficients at the mid Los Alamos Stations, E030,
E042 and E050, which are 0.001. The sediment rating coefficients, 2.7 to 4.8, are about
three to five times greater than at upper Pueblo E055 and the mid Los Alamos watershed
stations. Those values are all near one. These differences identify a greater sediment
load capacity for floods at the Pueblo station E060, reflecting a less stable channel system
and a larger contaminant supply. Some of the flows at E110 in lower Los Alamos
Canyon, discussed later, will also reflect these conditions.

A LANL gage station at the NMED PU2 .4 site above the wetlands, also referred to as
E059, was installed in 2010 and is intended to supply an index to measure reduction of
contaminated sediment transport. Accurate discharge measurements at this station were
not available for this report.

Table 13 lists all of the recorded flow events above 10 cfs at E060. The dates, peak
discharge, measured plutonium and sediment mass transport masses evaluated in the
preceding section, and estimated transport masses from this section are listed. The
events, dates, and measured transport masses are in red, the remaining are estimates
based on the relationships presented in the preceding charts. The cells in the lower right
of the table provide the cumulative approximations for plutonium and sediment transport
during 2000 to 2008 and 2003 to 2008 at E060.
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transport | transport | Sediment | Sediment transport | transport | Sediment | Sediment
{mCi) {mCp) transport | fransport (mCl) {mCi) transport | transport
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5/26/03 17 0.32 0.63 46 81 4/29/07 19 0.36 070
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Table 13 Plutonium and Suspended Sediment Transport for E060 from 2003 through 2008
m-nmﬂn FPTLTTETIETT |

We estimate that 134 mCi to 182 mCi plutonium in 13848 to 19348 tons of sediment was
transported out of Pueblo Canyon beyond the eastern boundary of the Laboratory since
2003. Since the Cerro Grande fire in 2000, 208 mCi to 304 mCi in 27668 to 38659 tons
of sediment were transported beyond the Laboratory boundaries. Logarithmic,
exponential, or power functions do not represent the relationships well, and we
considered a piecewise treatment that generated a 246 mCi of plutonium in 35543 tons
sediment transport estimate since the fire. A gross estimate of plutonium concentration in
sediments from that estimate is 7.6 pCi/g. The average measured concentration seen in
Figure 24 of the Spatial Trends section of this report is 4.5 pCi/g.

Plutonium and sediment transport inventories and rating coefficients are larger than at
any location and demonstrate the largest Laboratory impacts in the least stable channel
conditions. Although a larger number of events passed this station than E050 and E110
contributing to a larger overall transport inventory, the rating coefficients as well as
plutonium concentrations identify larger contaminant sources and sediment available for
transport. A flow evaluation in this report discusses the relative number of flows at each
station. The plutonium and sediment rating coefficients identify greater increments of
material for each increment of discharge increase.
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Table 14 summarizes the annual transport masses of plutonium and sediment. The
estimates from 2003 through 2007 indicate diminishing transport inventories except for
2006. Stream flow in 2006 on the Pajarito Plateau was record setting and dominated by
large rainfall events in August (LANL ESR, 2006). Four events greater than 100 cfs
occurred during August of 2006, including the 1926 cfs flood, contributing over 84 mCi
plutonium in approximately 6000 tons sediment of the annual estimates. The August g,
2006 1926 cfs flood contributed over 30% of the total plutonium transport in 48 recorded
events since the 2000 fire but only 13% of the suspended sediment load. We surmise that
increasing stage levels and flood energies entrain sediments from flood plain and bank
deposits unaffected by lower flood stages. Those sediments may contain larger
contaminant concentrations than those in the active channel.

Table 14 Annual Estimates of Plutonium and Suspended Sediment Transport at E060

Plutonium | Sediment
Year transport | transport
{mCi) {tons)

2003 222 6018
2004 16.4 4034
2005 6.6 1800
2006 88.4 7265
2007 0.9 229

E110

The last station evaluated is at the E110 station near the Los Alamos watershed endpoint
just before the Rio Grande. It may provide the most important information in this report,
LANL contaminant mass entering the Rio Grande above the new Santa Fe Buckman
Diversion community water resource.

The gage began operation at the end of 2002 and other stations in Guaje Canyon have
operated intermittently. Guaje Canyon is a main tributary to the lower Los Alamos
Watershed reach. It is outside the LANL perimeter and probably demonstrates
background conditions, providing clean sediments from a relatively stable canyon reach.

We sampled ten of 33 runoff events at E110 in lower Los Alamos Canyon above the Rio
Grande confluence. Like EQ50 and E060, multiple charts are developed to demonstrate
variations due to changing conditions at E110. Those changes include the August 8™, 2006
flood that peaked at 1642 cfs, and event origin, whether the flows developed in Pueblo and
mid Los Alamos Canyons or Guaje Canyon. Plutonium and sediment concentrations and
rating coefficients demonstrate a large variance, some demonstrating background conditions
and some demonstrating Laboratory impacts. The following figures demonstrate the
plutonium and sediment mass transport correlation to peak discharge at E110.

Figure 16 contains the plutonium/peak discharge correlation from all ten samples. The
plutonium transport mass in the August 8" event becomes a large influencing value to the
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correlation and develops a rating coefficient of 0.018 similar to the 0.019 coefficient
developed at E060. A large interval exists between flood levels. The next largest peak
discharge during the period of this report is 89 cfs recorded August 25", 2006. Although
the E110 gage was not in operation during 2000 to 2002, multiple flows greater than 100
cfs were recorded upstream at E060 including a 1440 cfs discharge July 2, 2001 and a
potential for large floods will continue into the future.
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Figure 16 Plutonium Mass and Maximum Instantaneous Discharge Correlation at E110

Figure 17 contains only evaluations from events that are identified as originating in
Pueblo or mid Los Alamos Canyons. We identified the origins from the Flow Evaluation
section later in this report. These include runoff events from August 8", 2006, August
25" 2008, August 24", 2005, and August 25", 2005. The evaluation also contains the
large influencing August 8" value and demonstrates the same 0,018 rating coefficient as
Figure 16. Review of the data without that large event provides a similar 0.013
coefficient.
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Figure 17 Plutonium Mass and Maximum Instantaneous Discharge Correlation at E110 from LANL
Runoff

Figure 18 contains evaluations from events that are identified as originating from some
place other than mid Los Alamos or Pueblo Canyons. The origin could be from Guaje or
lower Los Alamos Canyon below the confluence of Pueblo and the mid Los Alamos
Canyon reaches. The slope coefficient as well as the strength of the correlation
diminishes. Both changes can be explained by low plutonium concentrations that would
be expected in background conditions and are similar to those at the background station
E055.

42



- {B) Plutonium - Flow Correlation @ E110
n‘noa wio max values
5 o007 + —
O . — _
E‘ ’ / i
] oo —— —
£ oo » — y=0,0001x [
§ om ———— R =-0.2664
F o002 ——
0.001 |
o Ll . . : : : . '
o 10 20 30 40 50 60 70 80
Flow (cfs)

Figure 18 Plutonium Mass and Maximum Instantaneous Discharge Correlation at E110 from
Runoff Originating Outside LANL Boundaries

These charts identify the role of flood origin to transport of LANL legacy contaminants
to the Rio Grande. Another possible aspect is the use of these transport evaluations to
determine mixing rates. We suggest that 77 mCi of plutonium in 4681 tons of sediment
was transferred downstream in the August 8" event beyond E050 and E060 at the LANL
boundary. By the time the flood reached E110, 4 miles downstream, 29 mCi in 5209 tons
of sediment remained in the flood runoff to be transported into the Rio Grande. This
suggests that over 48 mCi of plutonium was deposited within the lower reach of Los
Alamos Canyon and that an additional 528 tons of sediment was entrained in stormwater
runoff. Further evaluations of stormwater runoff mixing are beyond the intent of this
report.

Figure 19 combines the plutonium mass transport to peak discharge correlations
developed from the floods originating within the LANL perimeter and those outside.
Unlike a similar table for EQ60 that developed a range of transport by combining upper
and lower estimations, this chart identifies the difference based on the origin of floods.
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Figure 19 Plutonium Mass and Maximum Instantanecus Discharge Correlation at E110 from
Combined Runoff Origin

Ten of 33 storm events that flowed greater than 10 cfs were sampled at E1 10. Four of
those events are identified as originating from within the LANL perimeter and six
potentially originate from Guaje Canyon or in lower Los Alamos Canyon. The
correlations presented above demonstrate the plutonium transport from canyon reaches
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within the LANL perimeter to those from Guaje Canyon within background conditions
and can be used to predict contaminant loads of runoff events not sampled.

An additional ten samples originate from only Guaje Canyon during the period of this
report, six from only Pueblo Canyon, and seven from only mid Los Alamos Canyon. A
plutonium/peak discharge rating coefficient of 0.0001 is applied to those flows from
Guaje, and 0.0175 to flows with combined flows from Pueblo and mid Los Alamos
Canyons. The rating coefficient from E050, 0.001, is applied to flows that originate from
mid Los Alamos Canyon. These combined flows generate 34.4 mCi of plutonium
transported to the Rio Grande, of which 34.3 mCi originates from combined Pueblo and
mid Los Alamos Canyon flows, and 0.06 mCi from Guaje.

Table 15 lists all of the recorded flow events above 10 cfs at E110 and their origin. The
dates, peak discharge, measured plutonium transport inasses evaluated in preceding
sections, and estimated transport masses from this section are listed. The events, dates,
and measured transport masses are in red, the remaining are estimates based on the
relationships developed for the origin of the flow. The cells in the lower section of the
table provide the cumulative approximations for plutonium transport at E110.



Table 15 Plutonium Transport for E110 from 2003 through 2008

Guaje Los Alamos Pueblo
0.0001*Nlaw 0.001*Now 0.0175flow measured
predicted Pu inveniory | predicted Pu Inventory| predicted Pu inventory | Plutonium inventory
Origination |Date Fiow mQi mCi mCi mCi
Guaje 8/17/08 19| 0.0019
Guaje 7122108 69 0,005
fLa 1/28/08 40 0.04
Guaje 7/30/07 26 0.0026
Guaje 3/28/07 12 0.0012
Pueblo, LA 8/25/06 B9 147
Guaje 8/19/06 16 0.004
Pueblo, LA 8/8/06 1642 28.8
Pueblo, LA 8/7/06 45 0.7875
Guaje 8/6/06 49 0.007
Guaje 8/2/06 14 0.0014
Guaje 7/6/06) 11 0,003
Guaje 718106 5 0.0004
Pueblo, LA 7/5/06 67 1.1725
Guaje 10/19/05 10 0.0032
LA 9/28/05 36 0038
Guaje 9/7/05 21 00021
LA 8/25/05 i1 0.015
Pueblo, LA 8/24/05 16 0.041
LA B/13/05 36 0036
LA 8/12/05 18 0.0063
Guaje 6/25/05 10 0.001
LA 5/3/05 10 0.01
LA 4/24/05 16 0.016
LA 4/18/05 1 0.011
Guaje 212/05 1 0.00%1
LA 1/4/05 18 0.018
Pusblo 10/11/04 11 0.1925
Pusblo 10/5/04 49 0.8575
Pueblo, LA 8/23/03 55 0.9625
Pueble, LA 8/22/03 10 0.175
Guaje 8/11/03 17 Q.07
Guaje B8/3/03 30 0.003
sums 33 0.02 0.17 4.1 30.1]
from LA and Pueblo 34,33
from Guaje 0.06
Total 34.40|

Measured events in red

Figure 20 contains sediment data from ten events sampled during the period of this

report. The sediment transport mass in the August 8" event becomes a large influencing
value to the correlation and develops a slope coefficient of 3.17. This value is within the
2.7 to 4.8 range developed at E060.
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Figure 20 Sediment Mass and Maximum Instantancous Discharge Correlation at E110
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Figure 21 contains evaluations from runoff events excluding the two largest discharges
that also happened to originate in Pueblo Canyon. A smaller 0.72 slope coefficient
develops that is considered for a minimum range of sediment transport at E110.
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Figure 21 Sediment Mass and Range of Smaller Maximum Discharge Correlations at E110
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A total of 33 runoff events were recorded at E110 from which 10 were sampled. Our
evaluation of two scenarios: sediment transport from discharges that ranged from 10 to
69 cfs and then up to 1600 cfs produced rating coefficients of 0.72 to 3.17. Both were
applied to runoff events not sampled to develop a 6100 to 7500 tons range of sediments
transported during this time period. At least six events (8/20/2008, 8/21/2008, 7/6/2006,
7/17/2005, 8/20/2004, and 8/19/2004) were sampled but discharge measurements were
not recorded nor included in the evaluation. Almost all of those events contained large
suspended sediment concentrations of 10000 mg/L to greater than 100000 mg/L
indicative of substantial runoff rates. These runoff and sediment transport rates may have
substantiated the larger rating coefficient and an additional component of sediment
transport, although without corresponding discharge measurements, it remains impossible
to determine.

Table 16 lists all of the recorded flow events above 10 cfs at E110 and their origin. The
dates, peak discharge, measured sediment transport masses evaluated in preceding
sections, and estimated transport masses from this section are listed. The events, dates,
and measured transport masses are in red, the remaining are estimates based on both the
0.72 and 3.17 rating coefficients described above. The cells in the lower section of the
table provide the cumulative approximations for sediment transport at E110.



Table 16 Suspended Sediment Transport for E110 from 2003 through 2008

0.72*flow |3.17*flow
predicted |predicted
sediment (sediment
inventory |inventory
Origination Date Flow (tons) (tons)
Guajea 8/17/2008 19 14 60
Guaja Ti22/2008 69 G4 64
LA 1/28/2008 40 29 127
Guaje 7/30/2007 26 19 a2
Guaje 3/28/2007 12 9 38
Pueblo, LA 8/25/2006 89 368 a8
Guaje 8/19/2006 16 14 14
Pueblo, LA 8/8/2006 1642 5209 5209
Pueblo, LA 8/7/2006 45 32 143
Guaja 8/6/2006 49 20 20
Guaje 8/2/2006 14 10 44
Guaje TI6/2006 11 a8 8
Guaje 7/6/2006 =} & 29
Pueblo, LA 7/5/2006 67 48 212
Guaje 10/18/2005 10 7 3z
LA 9/28/2005 36 26 114
Guaje 97/2005 21 15 67
LA 8/25/2005 11 7 rd
Pueblo, LA 8/24/2005 16 2 2
LA 8/13/2005 36 26 114
LA 8/12/2005 18 rd 7
Guaje 6/25/2005 10 7 32
LA 5/3/2005 10 7 32
LA 4/24/2005 16 12 51
LA 4/16/2005 11 8 35
Guaje 2/12/2005 11 8 35
LA 1/4/2005 18 13 57
Pueblo 10/11/2004 11 8 35
Pueblo 10/5/2004 49 35 155
Pusblo, LA 8/23/2003 55 40 174
Pusblo, LA 8/22/2003 10 7 32
Guaje 8/11/2003 17 12 54
Guaja 8/3/2003 3_0 22 95
suUms _ 33 6119 7548|
from LA and Pueblo 5884 6874
from Guaje 235 674
Total 6119 7548

Measured evenis in red

Table 17 summarizes the annual transport masses of plutonium and sediment during 2003
through 2008. The most exceptional feature in the table identifies the large plutonium
and sediment transport in 2006. Almost 32 mCi in 6000 tons of sediment was transported
in that year of which most was transported in the August 8" flood. About 80% of the
total suspended sediment and contaminant inventories transported to the Rio Grande
since 2003 occurred in this event. The following years, 2007 and 2008, demonstrate a
largely reduced transport rate and all storm runoff events originate from off-site
Laboratory property. Average plutonium concentrations and flow evaluations at the
Laboratory boundary stations EO50 and E060 substantiated the flood sources.
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Table 17 Annual Estimates of Plutonium and Suspended Sediment Transport at E110

Plutonium | Sediment
Year transport | transport
(mCi) {tons)

2003 1.1 355
2004 11 190
2005 0.2 583
2006 31.9 6047
2007 0.004 120
2008 0.05 251

Table 18 summarizes the transport masses of plutonium and sediment from Pueblo, mid
Los Alamos, and Guaje Canyons. As described in the preceding evaluations, the majority
of contaminant transport originates in Pueblo Canyon upstream of the Laboratory
boundary.

Table 18 Origin Based Estimates of Plutonium and Suspended Sediment Transport and Gross
Estimates of Plutonium Concentration at E110

Plutonium | Sediment c Average'
.- oncentration
Flood Origin transport | transport
. {pu mass/sed
(mCi) {tons)
mass)
Pueblo and upper LA 34 6331 59
upper LA only 0.2 543 04
Guaje 0.2 674 0.4

We estimate that 34 mCi plutonium in 7548 tons of sediment was transported beyond
E110 into the Rio Grande since 2003. The primary source of the plutonium
contamination is Pueblo Canyon. The gross average of plutonium in suspended
sediments whose origin is Pueblo Canyon is about 6 pCi/g. The average measured
concentration seen in Figure 25 in the Spatial Trend section is 4.6 pCi/g. Flood events
that originate in Guaje Canyon provide near background levels of plutonium to transport.
We estimate as little as 0.2 mCi plutonium in 674 tons of suspended sediment was
transferred past E110 from Guaje Canyon. The gross average plutonium concentration in
suspended sediments from Guaje Canyon is 0.4 pCi/g. Floods that originate below the
confluence of Pueblo and Los Alamos Canyon do not appear to provide elevated
transport levels but deposition of sediments contaminated with LANL legacy materials in
this reach has been demonstrated. Without gages in Guaje Canyon these flows cannot be
differentiated and transport estimations are speculative.

The slope coefficient for the plutonium/peak discharge correlation for floods originating
in Pueblo Canyon is 0.018, That value is similar but less than the 0.037 rating coefficient
from E060. It is approximately half of the value and may demonstrate mixing with
relatively clean sediment supplies from lower Los Alamos Canyon and Guaje Canyon
reducing the overall level of contaminant transport.

The plutonium/peak discharge rating coefficient for runoff events originating from
outside the Laboratory property is 0.0001, most similar to baseline stations in mid Los
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Alamos and the Pueblo background station E055. Those values range from 0.00003 to
0.001. The sediment transport rating coefficients for E110 range from 0.72 to 3.17.
Taking into account events containing large suspended sediment concentrations and not
considered for this evaluation we suggest the E110 rating coefficient is more likely 3.17,
similar to E060 where values ranged from three to five.

Transport Summary

The following Table 19 is the same as Table 4 presented in the introduction of this
section. Comparisons of the plutonium and sediment transport factors demonstrate the
relationships between the six gaging stations discussed in the preceding sections.
Stations E055, E030, E042, and EO50 develop similar sediment load relationships that
show upper Pueblo Canyon and upper to mid Los Alamos Canyon deliver limited
sediment supplies for transport, while downstream channels contribute much larger loads
to E060 and E110. The plutonium transport factors identify relative Laboratory impacts
to the watershed system. Station EQ55 supplies background levels to contaminant
transport, while mid Los Alamos Canyon stations E030, E042, and E050 demonstrate
Laboratory impacts. Those impacts are small relative to that seen at Pueblo Canyon
endpoint E060 and the lower Los Alamos Canyon station at the Rio Grande E110.

Table 19 Plutenium and Sediment Transport Rating-Curve Summary

Station E030 E042 E050 E055  E060 E110
flow count 16 58 33 3 48 33

max pu inventory (mCi) 0.32 3.21 1.08 0.13 182 34.4

min pu inventory (mCi) 134

max rating coefficient 0.001 0.0013 0.0008 0.00003 0.037 0.018

min rating coefficient 0.019 0.00005*

max Sediment inventory (lons) 255 4384 755 4182 19348 7548

min Sediment inventory (tons) 576 13848 6119|
max rating coefficient 0.80 1.78 0.75 0.98 478 3.17

min rating coefficient 0.51 2.71 0.72

(Gross calculation of plutonium in sedimenis based on lotal ranported sediments and plulonium

Station E030 E042 EO050 EO055 E060 E110

pCilg 1.38 0.81 1.20 0.03 8.01 5.02

0.28"

*based on projected plutonium and sediment transport from Guaje éanyon

Stations E030 and E055 are baseline and contribute little to contaminant transport.
Baseline stations E030 in upper Los Alamos Canyon and E055 in upper Pueblo Canyon
transported 0.32 mCi and 0.13 mCi plutonium in 255 and 4182 tons sediment
respectively. E033 is also classified as a background station in that LANL contaminant
impacts are not recognized above this location. Fourteen storm events passed E030 while
twice that many, 28, passed E055. Upper Los Alamos contains some legacy
contaminants and the gross plutonium average at E030 demonstrates the relative impact.
The upper valley channels are heavily armored with rock and a reservoir is located at the
top of the Los Alamos valley that controls discharge. These factors provide a more stable
channel system and appear to control sediment availability. The rating coefficients 0.001
and 0.00003 for plutonium transport and 0.80 and 0.98 for sediment at E030 and E055,
respectively, develop comparative values demonstrating small contaminant and sediment
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availability. At E030 contaminants exist but limited sediment supplies are available,
while only background levels exist at EO55 but greater sediment supplies are available for
transport.

Stations E042 and EQ50 are located above and below a low-head weir impoundment in
mid Los Alamos Canyon just above the Pueblo Canyon confluence. They are about 2.5
miles below E030 and demonstrate similar channel conditions and LANL impacts. The
transport masses and rating coefficients also demonstrate a reduction in transport rates
through the impoundment between E042 and E050. Plutonium transport is reduced from
3.2 mCi in 4384 tons of sediment to 1.08 mCi in up to 755 tons of sediment.

The plutonium rating coefficients derived for the upper to mid Los Alamos stations,
E030, E042, and E050 are similar, around 0.001. These coefficients are two orders of
magnitude greater than the E055 background station in upper Pueblo Canyon and
demonstrate LANL impacts. The sediment slope factor at EQ50 is similar to the E055
and E030 stations we refer to as baseline. They approximate one. A slightly larger value
at E042, 1.78, may demonstrate greater sediment availability that is reduced as flow
progresses through the impoundment above E050.

While these reductions at E050 are partly explained by the number of flows retained
within the impoundment, the rating coefficients and gross plutonium estimates provide
additional information. Fifty eight events passed E042 while 33 passed E050, resulting
in 25 flows being impounded by the weir and infiltrating to the alluvial aquifer. The
rating coefficients for plutonium are similar at 0.0013 and 0.0008 and identify similar
contaminant transport rates. The sediment coefficients reduce from 1.78 at E042 to a
range of 0.51 to 0.75 at E050. The gross concentration of plutonium in sediments
demonstrates a small increase from 0.81 pCi/g at E042 to 1.2 pCi/g at E050. These
comparisons suggest a component of coarse grained sediments drop out in the
impoundment during flow thereby reducing sediment load while increasing the plutonium
concentration in the remaining fine grained sediments passing E050. While the
concentrations may increase, a net loss of plutonium transported downstream occurs.

This phenomenon is also demonstrated between E030 and EQ42 that develop similar
rating coefficients for both plutonium and sediment, yet plutonium and sediment flux are
quite different. Plutonium transport of ¢.32 mCi in 255 tons of sediment was transported
at E030, while 3.21 mCi of plutonium in 4384 tons of sediment was transported at E042.
Although both stations developed similar rating coefficients the numbers of runoff events
were largely different. Sixteen runoff events were measured at EQ30 while 58 were
measured at E042. The higher number of runoff events at EO42 are due to contributions
from DP canyon whose confluence is located just downstream from E030.,

E060 is near the Pueblo Canyon endpoint, the confluence with Los Alamos Canyon and
the eastern LANL boundary. Pueblo Canyon drains contaminated sediments that
originate from historic industrial discharges into Acid Canyon at Pueblo’s upper reach.
The gross plutonium concentration in transported sediments is 8 pCi/g, two orders of
magnitude greater than the 0.03 pCi/g background value at E055 and five to ten times
greater than generated at Los Alamos Canyon stations.
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Plutonium rating coefficients at E060 range from 0.02 to 0.04 and are similar to 0.022
developed from our evaluation of 2000 to 2002 stormwater (Englert et al., 2004). These
coefficients are one to three orders of magnitude greater than the mid Los Alamos gage
stations E030, E042, and E0Q50 0.001 value, and the background E055 Pueblo Canyon
station 0.00003 value.

The E060 sediment rating coefficients range from 2.7 to 4.8. We estimated a 5.6 slope
factor from previous monitoring at EO60 during 2000 to 2002. Based on this evaluation
three to five times more sediment is available at EO60 than E030 and EQ55 baseline
stations for relative sized flows. E042 in Los Alamos Canyon begins to approach the
sediment availability as E060, but becomes reduced below the low head weir at E0S0.

At E060 we identified a substantial amount of variability in the data as well as potential
overly influential data from the August 8™ 2006 flood. To compensate, we report a
range of possible sediment and contaminant transport inventories during 2003 to 2008, as
well as a more probable piecewise approximation of transport since the 2000 Cerro
Grande fire. The largest plutonium inventory was transported beyond this station than
any other station evaluated during the time period of this report, ranging from 134 to 182
mCi in 13848 to 19348 tons of sediment. Using a piecewise approximation we estimate
that 246 mCi of plutonium in 35543 tons of sediment was transported beyond E060 since
the fire.

E110 is in lower Los Alamos Canyon 0.7 mile above the Rio Grande. The plutonium and
sediment transport inventories passing this station reach the Rio Grande, and the
difference between them and that measured at EG50 and E060 become residual
contaminants deposited on Pueblo de San Ildefonso property in the lower Los Alamos
Canyon reach. We identified 33 flows measured at this station from 2003 to 2008. The
data includes substantial variability but we believe it develops from the origin of the
flows, whether they develop within the LANL perimeter or from Guaje Canyon. E110
was not operational until November of 2002 and gages in Guaje have operated
intermittently during this time period. Our evaluation indicates a reduction of plutonium
and sediment inventories passing the station as well as contaminant concentrations and
availability within the channel system.

We developed two plutonium rating coefficients for E110, 0.02 and 0.00005. The 0.02
coefficient is similar to the 0.02 to 0.04 range established at E060 reflecting the same
contaminant availability for transport. The remaining coefficient 0.00005 reflects
background Guaje Canyon conditions similar to the 0.00003 value at E055 above Acid
Canyon. The sediment slope factors demonstrate the same conditions in that a 3.2 value
at E110 reflects similar sediment availability conditions as seen from E060.

Over 34 mCi of plutonium in up to 7548 tons of sediment was transported into the Rio
Grande from 2003 to 2008. The difference between the inventories passing E060 and
E110 suggests that 100 to 148 mCi of plutonium may have been deposited within the
lower Los Alamos Canyon reach. Gross plutonium concentrations in sediments
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transported from Pueblo Canyon are reduced from 8 pCi/g to 6 pCi/g at E110 and
approach baseline levels near 0.4 pCi/g when flows originate from Guaje Canyon.

Table 20 identifies the p values and correlation significance of the peak flow/plutonium
and sediment inventory correlations. N expresses the number of storm events that were
evaluated for transport inventory, and the degrees of freedom for a two tailed test then
becomes two less than N. The coefficient of determination (R*) expresses the amount of
the variation in y that is explained by the regression line, and its square root r, the linear
correlation coefficient, measures the strength or significance of the relationship. The
letter p (probability) expresses whether the relationship is strong enough to be statistically
significant. By our criteria, p values less than 0.05 are considered significant, 0.01 very
significant and 0.001 extremely significant, 95%, 99%, and 99.9% probabilities. Except
for the station E042 all other peak flow/inventory relationships are considered significant
to extremely significant.

Table 20. Pezk Flow correlation to Inventory Statistics
Peak Flow / Inventory correlation statistics

Plutonium 239/240 Sediment

[statien [N [R° r Io |note [F Ir e note

E055 4 09273 0.9630] 0.0370|significant 0.8854 0.9410] 0.0580|not quite significant
E030 4] 09577 0.9786] 0.0214|significant 0.7971 0.8928] 0.1072|not quile significant
E042 2] 121160 3.4808 NA|not significant 11.7640 3.4299 NA|not significant

E050 7| 0.9225 0.9605| 0.0006)extremely significant” 0.9698 0.9848{ 0.0001|extremely significant”
E060 19| 0.9507 0.9750| 0.0001|extremely significant™ 0.8161 0.9034] 0.0001|extremely significant"
E0G0" 18] 0.7942 0.8912| 0.0001|extremely significani® 0.8290 0.9105] 0.0001t|extremely significant*
E11) 9| 09964  09982] 0000%]extremely significant® 0.9976| 0.9988| D.0001|extremely significant"

*By convenlional criteria this difference is considered o be extremely stallstically significam
®Does nol include exiracrdinary 1426 cfs evenl August 8%, 2006

Flow Evaluation Introduction

Flow in the Los Alamos watershed is evaluated by inspection of data generated at 13
stream-gage stations operated by the LANL Water Stewardship Program (EP-WSP) and
our ISCO Flow Meter equipment. LANL produces annual reports (Surface Water at Los
Alamos National Laboratory for each water year) that include descriptions of the stations,
mean daily discharges, descriptive statistics for those discharges, and period of record
and annual maximum instantaneous discharges. Each report covers a 12 month water
year beginning October 1™ and ending September 30", The report and data recordings
generally become available by November of the following year, 25 months after the
beginning of the water year,

DOE OB monitoring locations are equipped with bubbler type flow meters and provide
continuous stage measurements but are recorded in 15 minute intervals. Daily and
weekly maximum, average, and minimum stages are recorded on strip charts, as well as
storm hydrographs. LANL uses more than one type flow metering device, bubbler
transducer or sonic types, and stage and discharge are measured in open channels at 5
minute intervals. LANL recordings are made on Mountain Standard Time and do not
adjust for Daylight Saving Time. During the summer from the second Sunday in March
to the first Sunday in November we record our data in Daylight Savings Time and one
hour adjustments are required when correlating our sample times.
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We generated hydrographs for all 13 stations but present only those for the endpoint
stations in Pueblo and Los Alamos Canyons above their confluence and at the station in
Los Alamos Canyon above the Rio Grande; E050, E060, and E110. These hydrographs
as well as individual maximum annual peak flows at each station are presented in
Appendix D. The hydrographs are generated from LANL five minute discharge records
extending over the entire period of this report. Individual hydrographs are also generated
for periods during runoff events of special interest. Flow evaluations include magnitude
and frequency of storm events greater than 10 cfs, flow duration, and time to peak
discharge. The magnitude and frequency of storm events is a major component of the
transport evaluations generated here. Time to peak discharge and duration evaluations
guide our sampling protocol, such that our first sample is collected near the peak of a
storm event, and the following samples are collected during evenly spaced intervals
throughout the event.

Comparisons of hydrographs between stations are made to identify progression rates of
the floods and transmission losses or gains. Storm event flows are wavelike in their
progression downstream, dependant on storm intensities, durations and drainage basin
characteristics. They may diminish downstream from transmission losses due to channel
storage properties, or gain due to tributary contributions or movement of storm cells over
the watersheds. On the Pajarito Plateau, precipitation may occur from local, short, high
intensity rainfall during the summer monsoonal season to broad, long, low intensity
rainfall from large fall frontal systems.

The rainfalls, as well as the resulting runoff are random and unpredictable. Flood
frequency analysis and flood routing computer programs might be used to identify
potential flood frequencies and magnitudes but are beyond the scope of this report and
may not have been effective due to the largely changing watershed conditions after the
Cerro Grande fire. LANL has reported that the Pueblo Canyon drainage has been slower
to recover due to the severity of the burn there and new construction activities have
exacerbated runoff conditions, but as it recovers flood frequency and flood routing
predictions could become more feasible.

Runoff~ Hydrograph Evaluation

Following the 2000 Cerro Grande fire and six years of drought conditions ending in
2004, hydrologic conditions were greatly changed on the Sierra de los Valles and in the
canyons that drain the Pajarito Plateau. From the 1970s to just before the fire, discharge
rarely exceeded 10 cfs in lower Los Alamos or Pueblo Canyons. After the fire, flows
two orders of magnitude greater than previously recognized were recorded. By 2003,
LANL began reporting there were indications stormwater runoff and sediment transport
from most of the burned watersheds recovered to near pre-fire levels, except Pueblo
Canyon due to urbanization since the fire (LANL ESR, 2003).

We show highly variable flow conditions in Pueblo Canyon and more modulated flows in
Los Alamos Canyon. Flows greater than 10 cfs were common in both canyons prior to
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2006. During that year stream flow on the Pajarito Plateau was record setting and
dominated by large rainfall events in August (LANL ESR, 2006). Since then, 2007 and
2008, there has been minimal to no stormwater flow in lower Pueblo or Los Alamos
Canyons. We suspect the potential of large flows will always exist while flood
frequencies will diminish. The following narrative describes discharges at LANL stream-
gage stations in the Los Alamos watershed. In this section we list all of the discharges
greater than 10cfs, their flow dates and summary statistics.

The following list provides the LANL identification of each station, its location and
watershed drainage area. The stations are listed in Pueblo Canyon and then the Los
Alamos Canyon reach above the Pueblo/Los Alamos confluence, from the upper
watershed area to downstream reaches. Stations located at the outflow of each canyon
are identified as endpoints. The E110 station, listed as the Los Alamos watershed
endpoint, is at the most downstream location before the Rio Grande and listed last.

EO055 Upper Pucblo Canyon, 35% 527 20", 106°18" 14™ 342 mi®
E055.5 South Fork of Acid Canyon, 357537 10", 106718’ 26™ 0.08 mi’
EQ56 Endpoint of Acid Canyon, 3553 197, 106°18" 14" 0.45 mi*
E060 Endpoint of Pueblo Canyon, 35552 157, 106°13" 1.0 821 mi*
E089 Upper Guajc Canyon, 35°54° 41", 106°13" 477 14.6 mi*
E026 Upper Los Alamos Canyon, 357527 497, 106°19* 30™ 7.07 mi*
E030 Los Alamos Canyon above DP Canyon, 357 52° 21 106°15™ 367 8.57 mi®
E038 Upper DP Canyen, 35% 52" 49", 106°16" 58” 0.22 mi*
E039 mid DP Canyon, 3552 41, 106°15" 28" 0.32 mi*
E040 DP Canyon endpoint, 357 52" 24", 106°15" 34" 0.60 mi’
E042 Los Alamos Canyon above low head weir, 357 52° 017, 106°13" 25™ 10.11 mi
E050 Los Alamos Canyon endpoint above Pucblo confluence, 35% 52° 71, 106°13” 0.03" 10.42 mi’
E110 Endpoint Los Alamos watershed, 35%52' 537, 106° 08 55" 57.7 mi’

Table 21 lists the date for each flow greater than 10 cfs, its maximum instantaneous
discharge, and then summary statistics for the annual and total period of this report at
each station. During water years a station is shut down, “No Data” is listed in the
column. We did not identify periods during which the stations were not functioning. For
the most part, this report does not attempt to evaluate the operation of the stream-gage
stations, but occasional discrepancies are discussed. Addition charts provide hydrographs
and graphical presentations relating the sequence and conditions of the storm flows. The
following narrative describes stream flows at E050, E060, and E110.

Since the Cerro Grande fire, from 2000 through 2008, E060 has seen 101 stream flows
that exceeded 10 cfs, of which 61 occurred during the period of this report. The number
of stream flows greater than 10 cfs include six in 2000, 17 in 2001, 17 in 2002, 11 in
2003, 32 in 2004, five in 2005, eight in 2006, five in 2007, and none in 2008. Peak
discharges for each year were 148 cfs in 2000, 1440 cfs in 2001, 583 cfs in 2002, 749 cfs
in 2003, 504 cfs in 2004, 130 cfs in 2005, 1926 cfs in 2006, 37 cfs in 2007, and less than
10 cfs in 2008.

During 2003 to 2008 at E050, which is just below a low head weir in mid Los Alamos

Canyon, 33 runoff events occurred of which 11 flowed during 2005. Peak discharge
ranged up to 252 cfs, a flood that occurred in 2006. They appear less varied than events
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Table 21 Individual Runoff Events Recorded at Each Station
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Table 21 Indmdua Runoff Events Recorde at Each Station - Continued
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at E060 in Pueblo Canyon, possibly due to a reservoir in the upper part of the watershed
and the low head weir impoundment just above E050. The maximums and frequency of
flows are fairly uniform, except for a larger frequency in 2005 and two large flows
greater than 100 cfs in 2006. In 2003, four flow events occurred with a maximum 43 cfs
discharge, 2004 had 3 events with a maximum discharge of 34 cfs, 2005 had 11 events
and a maximum 51 cfs discharge, 2006 had seven events with a maximum 252 cfs
discharge, 2007 had 5 events and a maximum 35 cfs discharge, and finally in 2008, 3
events occurred with a maximum 23 cfs discharge.

E110 demonstrates similarly uniform conditions with some exceptions. A total of 32
runoff events were recorded during this period from which four, two, 13, eight, two, and
three occurred respectively during 2003 to 2008. The maximum discharges are 55, 49,
36, 1749, 26, and 69 cfs during those same years. Over half of the drainage area
originates in Guaje Canyon and we suspect that a significant amount of discharge
develops from there. E099 gage exists at the Guaje Canyon endpoint but was not
operating during the period of this report.

Similar conclusions are demonstrated by the Flow Frequency and Magnitude charts in
Figures 22, 23, and 25 below. They demonstrate all of the flows greater than 10 cfs from
2003 to 2008 at E060, E050, and E110. The vertical scale is logarithmic up to 10000 cfs
relative to dates on the horizontal axis from the beginning of 2003 to the end of 2008.
Each column represents an individual flow event, and the numbers along the upper part
of the chart indicate the number of flows greater than 10 cfs per year. The charts
demonstrate a reduction in the flow frequencies and magnitudes at E060 as well as the
seasonal conditions. Most flows occur during the summer monsoons but occasional rain-
on-snow events are demonstrated.

The charts also show the difference in magnitudes between the stations, where discharge
at E060 is highly variable containing multiple flows greater than 100 cfs, and at E050 and
E110 discharge is somewhat uniform in comparison. Discharge at E050 is modulated by
two impoundments in upper and mid Los Alamos Canyon, the Los Alamos reservoir at
the mountain front and the low head weir just above the gage station. While E1101s
much further downstream and also receives discharge from Guaje Canyon. The average
and median flows at these stations during this period are:
e the E060 average is 92 cfs and the median is 20 cfs compared to and including 0
events during 2008,
e at E050 the average is 33 cfs and the median is 18 cfs compared to the 2008
average 19 and median 18 values,
e and at E110 the average is 81 cfs and median is |8 cfs compared to the 2008
average 43 and median 40 values.

Individual events can greatly influence these values, demonstrated by large a difference
between the mean and median.

An August 8, 2006 flood that reached 1926 cfs at E060 and 1749 cfs at E110 was the

most extraordinary event during this period. Previous to this, a maximum peak discharge
of 1440 cfs occurred July 2, 2001 at E060. Another discharge event at E099, the Guaje

37



endpoint not evaluated in this report, flowed up to 2120 cfs August 11, 2001. Data from
the E110 station was not available prior to 2003.

Frequency and Magnﬂt_l_«_iﬂf R‘E?k Flows > 10 cfs at E060, 2003 - 2008
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Figure 22 E060 Runoff Frequency and Magnitude

Frequency and Magnitude of Peak Flows > 10 cfs at E050, 2003 - 2008
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Figure 23 E050 Runoff Frequency and Magnitude
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Runoff Origin at E110

There are inconsistencies in the discharge data explored in the following table. Table 22
lists peak discharges at E060, E050, and E110 and evaluates them for transmission losses
or gains between the upper and lower stations. Flows are arranged so that transmission
losses or gains might be evaluated between the upstream E050 and E060 stations and the
downstream E110 station. A middle column combines the discharge at E050 and E060,
while the last column predicts what may have flowed at E110 based on a 59%
transmission loss between the upper and lower stations. The second to last column
makes an evaluation of the flows at E110.

Thirty-two flows greater than 10 CFS were measured at the LANL E110 gage from 2003
through 2008. Thirteen flows were identified at E110 that originate from E050, E060 or
both. The discharge differences between them demonstrate an average 59% reduction
from transmission loss, or channel storage, and range from a 93% to 18% loss. Sixteen
of the flows must originate wholly from Guaje Canyon although data is not available
from the Guaje gages to confirm this assumption. A 100% transmission loss in lower Los
Alamos Canyon, or flows measured at E050 and E060 that did not reach E110 was
identified during 62 events, which we find unlikely. The most notable examples of these
disparities occur during 2004; particularly the June 24" and 27" events where combined
E050 and E060 discharge of 538 cfs and 262 cfs respectively did not produce
measureable flow at E110. Applying a 59% transmission loss, our expectation of
discharge for those two events would have been 221 cfs and 107 cfs at E110.

We expect that the average transmission loss presented here is inaccurate. Besides
incomplete records at E110, other factors such as provenance, flow, alluvial saturation,
and other channel conditions contribute to a varied transmission loss factor. We
presented the value as a reference for potential flows at E110, although we suspect that a
thorough evaluation of transmission losses could be used for monitoring watershed health
and should be investigated further.
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Table 22 Runoff Events at E050, E060, and E110
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less than recorded at EF 10 or entirely absent.

. -
» 18 flows recorded at E1 10 originate or gain from Guaje flow substantiated by combined flows at E050 and E060 that were

= 62 flows originating at LANL (E050 & E060) exhibited a 100% transmission loss and registered no flow at E110. The
combined flows from F050 & F060 for those events with 100% transmission loss ranged from 116 to 338 cfs.
. 13 flows recorded at E110 and the LANL eastern boundary (E050 & 060} demonstrate an average 59% reduction from

transmission losses ranging from 18% to 93%.



Spatial Changes

The following six box and whisker charts, Figures 25 through 30, demonstrate the spatial
changes of plutonium levels in suspended sediment, in water, and the suspended sediment
concentrations between stations within upper Pueblo and Los Alamos Canyon reaches
downstream to the Rio Grande. The box and whisker plots represent the maximum,
minimum, and the 25" and 75" central tendency of the measurements made at each
station. Those values, plus the sample counts and averages are listed below each chart.
The first three charts represent plutonium in sediments, total plutonium in water, and
suspended sediment concentrations measured along Pueblo Canyon to the Rio Grande.
The following three charts demonstrate the same measurements along the upper Los
Alamos Canyon reach to the Rio Grande. The LA0.7 (E110) station, four miles below
the Pueblo/Los Alamos Canyon confluence, and the Buckman-Rio Grande values are
duplicated in both reaches.

Based on comparisons between these stations, we can make inferences of plutonium and
sediment transport availability. These inferences substantiate the availability assessments
developed from the correlation work described in earlier sections of this report. The
rating coefficients that describe the correlations between plutonium and sediment
transport to peak discharge, reflect the supplies of those materials available for transport.

The changes represented by these plots reflect the ranges of concentration in all samples
collected during this study from a variety of discharge magnitudes. Concentration values
reflect the instantaneous mass or activity relationships to a volume of water or mass of
sediment, while the rating coefficient assessment defines the relationship of plutonium or
sediment concentration values to discharge.

We also recognize that some variability in suspended sediment and plutonium
measurements may originate from the size assortment of materials within storm
discharge. Increasing flow energy may pick up greater amounts as well as coarser
sediment. Plutonium, as well as other insoluble contaminants, is primarily attached to
finer grained sediments carried by stormwater due to greater surface area and chemical
and physical bonding. Although particle size measurements were not made in this report,
we believe the greatest majority of suspended sediments in storm discharge are fine
grained silt and clay materials.

In 2002 we collected 20 storm water samples at four Pueblo Canyon locations from five
storm flow events, http://racerdat.com/. The average content of silt and clay was 94.8%
with a 5.9% standard deviation. Total silt and clay content ranged from 81.6% to 99.8%.
As well, the regression analysis of SSC and plutonium values for 88 values collected at
E060 in Pueblo Canyon during the period of this report indicates that the correlation is
considered to be extremely statistically significant. P =0.0001, r = 0.694, df = 86. This
suggests a strong relationship of SSC to plutonium concentration in water.

Although we believe sediment size distribution does contribute to the variability in
plutonium concentrations in water, it may be that the magnitude of differences in
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plutonium measurements in sediments related to source terms overwhelms this
variability. For example plutonium concentrations measured in stormwater suspended
sediments from background stations are fractions of a pico Curie, while values below
source terms are tens of pico Curies.

Comparisons of the three charts representing each reach demonstrate the relationships of
plutonium concentration in water to suspended sediments and plutonium in sediments.
Based on an assertion that if plutonium levels in sediments are consistent, are fairly
insoluble and mostly associated with sediments, then plutonium concentrations in water
are directly related to suspended sediments; if suspended sediment concentrations
increase or decrease so do the plutonium concentrations in water.

In the context of this section, we demonstrate the relation between suspended sediment,
plutonium measurements in sediment, and plutonium measurements in water, Of
particular significance are the magnitudes of plutonjium values in sediment and the
relation it bears on plutonium measurements in water. For example, stormwater from
Acid Canyon typically contains suspended sediment that has large values of plutonium
measured in it; the average of 17 pCi/g was calculated from samples taken for this report.
Yet because Acid Canyon contributes relatively small amounts of suspended sediment to
storm water, an average of 2000 mg/L, a relatively small downstream contribution of
contaminants is made. The average plutonium concentration in water from Acid Canyon
is 29 pCi/L, while other stations just downstream in Pueblo Canyon with smaller
plutonium and larger sediment content, commonly contain total plutonium values in
water that exceed 100 pCi/L.

Pueblo Canyon to the Rio Grande

Figure 25 represents the plutonium concentrations in stormwater suspended sediments
sampled in Pueblo Canyon, from a station in Acid Canyon and a background station
above Acid Canyon downstream to the Rio Grande. Pueblo Canyon has discharged the
largest component of LANL legacy contaminants originating from Acid Canyon into
lower Los Alamos Canyon through Pueblo de San Ildefonso property. Note that each
plot along the x axis represents individual stations and the y axis represents the plutonium
concentrations in pCi/g units and is in logarithmic scale. The station identification
reflects its distance from the downstream Pueblo confluence with Los Alamos Canyon,
for example PU5.5 (E055) is in Pueblo Canyon 5.5 miles above the Los Alamos
confluence.
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Figure 25 Spatial Difference of Plutonium Concentrations in Suspended Sediments through Pueblo
Canyon to the Rio Grande

The station above Acid Canyon, PU5.5 (E055), is intended to reflect background levels
of plutonium in the environment. The PUS.5 plot is at the far left side of the chart and
plutonium values in suspended sediment range from 0.3 to 0.00 pCi/g and average 0.06
pCi/g. Background levels of plutonium on the Pajarito Plateau are 0.068 pCi/g for
channel sediments and 0.054 pCi/g for soils (Ryti et al., 1998). Many plutonium values
are slightly greater than background in upper Pueblo Canyon, although plutonium
transport availability is relatively small. EQ55 developed the lowest plutonium transport
rating coefficient, 0.00003, and a gross estimate concentration of 0.03 pCi/g. The Ryti
background levels are provided for reference only and are not directly comparable to
suspended sediments.

Plutonium measurements in sediment from Acid Canyon produce values that range from
4 to 30 pCi/g and average 17 pCi/g. Plutonium concentrations are relatively large, but as
we’ll see later the suspended sediment concentrations are an order of magnitude less than
other Pueblo stations. This implies that the plutonium transport availability is moderated
by reduced sediment supplies. This reduction may be due to the relative shortness of the
tributary canyon, multiple cleanups there, and stabilized rock-armored channels. The
channels are also often incised and contained within bedrock through the reach. Accurate
discharge measurements are not available from this location downstream to E060 and
transport assessments cannot be produced.

The following stations through the next four miles of the canyon are represented by
stations PU4.1 downstream to PUL.7. PUL.7 is just above the wetlands artificially
created from the public waste water treatment system discharge and will become a LANL
supported gage station, E059, in 2010. The plutonium concentrations in suspended
sediments through this reach range from 1 to 11 pCi/g and consistently average around 5
pCi/g. This demonstrates that a relatively large consistent supply of plutonium is
available for transport throughout this part of the canyon.
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The next 1.5 miles of canyon contain wetlands heavily overgrown with marsh grasses
(canary reed grass), and have recently been planted with willows by the Laboratory.
These plants can be effective in stabilizing the valley channels, modulating storm flows
and reducing the sediment load. PUQ.3 (E060) is located at the downstream extent of the
wetlands and approximately 0.3 mile above the Los Alamos confluence as well as near
the eastern Laboratory boundary. The plutonium concentrations in suspended sediments
there range from less than 1 pCi/g to about 14 pCi/g and average 4.5 pCi/g, similar if not
slightly less than the measurements from above the wetlands. As demonstrated in the
following charts, a substantial reduction of sediments, about five times less than
measured at stations above the wetlands, reduces the plutonium availability for transport.

The transport rating coefficient at E060, ranging from 0.02 to 0.04, demonstrates the
largest transport supply than at any other LANL gage station. We estimate up to 182
mCi of plutonium was transported beyond this location and that the gross plutonium
average in suspended sediments, based on plutonium transport divided by tons of
sediment transported, was 8 pCi/g. During 2006 the overall gross estimate was greater
than 13 pCi/g and between 4 and 4.5 during the remaining four years.

The LAO.7 station most distant downstream in the Los Alamos watershed, approximately
0.7 mile above the Rio Grande, is represented by two box and whisker plots. LA0.7 is
also referred to as E110, a LANL operated gage station four miles below the Pueblo/Los
Alamos Canyon confluence on Pueblo de San Ildefonso property. The two plots reflect
the origin of flows that pass the E110 gage. Water flowing from within the Laboratory
perimeter, particularly Pueblo Canyon; contain higher plutonium levels than water
originating from other watershed areas, Guaje Canyon, Bayo Canyon, and sheet-flow or
road discharge into lower Los Alamos Canyon. Guaje gage data is not available and
flows from the canyon cannot be confirmed, yet it is only three quarters of a mile
upstream of E110, comprises over 25% of the entire watershed area, and may contribute a
large portion of flow into the Los Alamos Watershed.

Data from flows recognized at Pueblo E060 and later at E110 were compiled into a
population represented by box plot LA0.7(LA). Data from flows not recognized in
Pueblo but observed at E110 are presumed to be from the other sources and are compiled
into and represented by box plot LA0.7(G). Plutonium concentrations in the LA0.7(LA)
population are similar to that discharging from Pueblo Canyon. The concentrations range
from about 1 to over 9 pCi/g and average 5 pCi/g. The LA0.7(G) data population reflects
near background conditions similar to the PU5.5 station. The values range from 0.01 to 6
pCi/g and average 0.28 pCi/g. The maximum value, 6 pCi/g, is unusual for background
but may have been from Pueblo residual flood deposits in lower Los Alamos Canyon or
the flood source is misidentified. One of three samples from a July 6", 2006 event
contained 5.77 pCi/g plutonium, a much greater concentration relative to the remaining
two samples both measured at 0.15 pCi/g. Discharge into the Rio Grande demonstrates
much greater Laboratory impacts when runoff events originate from Pueblo Canyon.

The plutonium/peak discharge rating coefficients at E110, 0.018 for runoff that

developed within the Laboratory boundaries and 0.00005 for Guaje runoff, demonstrate
similar transport rates as the Pueblo endpoint E060 (0.02 to 0.04) and the background
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station E055 (0.00003). We estimate up to 34 mCi of plutonium was transported beyond
this location and that the gross plutonium average in suspended sediments was 5 pCi/g
from runoff originating from the Laboratory and 0.27 pCi/g from other runoff sources.

The Rio Grande station is located at the Buckman Landing three miles downstream of the
Los Alamos confluence. It is just above the Buckman Direct Diversion, site of the new
Santa Fe community water resource. The station was deployed in 2008 and collected
nine samples initiated by four stage increases in the river. The stage increases reflected
regional storm events, however runoff originating from the Los Alamos watershed were
not concurrent with these events. The average plutonium value from these events, 0.006
pCi/g, is less than the PU5.5 background station values and regional background soil or
reservoir sediments references. The suspended sediments in the Rio Grande samples
represent transport of sediments from northern New Mexico. Plutonium in these
sediments reflects concentrations derived from worldwide atmospheric testing of nuclear
weapons.

Figures 26 and 27 represent the suspended sediment and total plutonium measurements in
stormwater sampled from the upper reaches of Pueblo Canyon downstream to the Rio
Grande. If the plutonium distribution within a canyon reach is in some near equilibrium
state, then concentrations in the transported sediments will be fairly consistent. A direct
relationship develops in total recoverable plutonium measurements and suspended
sediment concentrations, if the sediment load increases or decreases so does the
plutonium, as well as other insoluble contaminants. That relationship is represented by
the equation: pCi/g x mg/L x 0.001 = pCi/L, the concentration of plutonium in sediments
multiplied by the suspended sediment concentration and a milligram to gram conversion
factor is equal to the plutonium concentration in water. Figure 26 demonstrates the
suspended sediment concentrations locations along Pueblo Canyon to the Rio Grande
followed by Figure 28 representing the associated plutonium concentrations in
stormwater.

These measurements reflect multiple samples per event collected from a broad spectrum
of runoff discharges. They represent a range of concentrations that could be expected in
the watershed and in conjunction with the earlier transport assessments provide a clearer
perception of transport rates and channel conditions. At least six events (8/20/2008,
8/21/2008, 7/6/2006, 7/17/2005, 8/20/2004, and 8/19/2004) were sampled at LAQ.7 but
concurrent discharge measurements were not available and therefore not included in the
transport evaluation. Almost all of those events contained large suspended sediment
concentrations of 10000 mg/L to greater than 100000 mg/L indicative of substantial
transport and runoff rates.
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Suspended Sediment Concentration from above Acid Canyon to the Rio Grande
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Figure 26 Spatial Difference of Suspended Sediment Concentrations through Pueblo Canyon to the
Rio Grande

The first plot on the left of the chart is the background reference station PUS.5 in upper
Pueblo Canyon. The suspended sediment concentrations are more variable but average
less than most stations in the upper canyon reach. The concentration values range from
57 mg/L to 110000 mg/L and average 17752 mg/L. The average is greatly influenced by
one event during August 11", 2003, It was the largest discharge of the year at E055,
1179 cfs, and included SSC values greater than 100000 mg/L. By excluding this event
the SSC average would be near 4000 mg/L. Referring to Figure 25, plutonium
measurements in sediments, we see the concentrations to be small and the associated
plutonium in water values represented in the Figure 27 are likewise relatively low. Acid
Canyon demonstrates even lower SSC values containing less variability, ranging from
616 to 9290 mg/L and averages 2101 mg/L. This may be indicative of a shorter, more
stable reach that supplies less sediment than the other locations we have monitored.
Although the plutonium concentrations in sediment are largest from Acid Canyon the
plutonium availability for transport in water is reduced relative to the reaches
downstream. The contaminant availability from Acid Canyon is greater than the PU5.5
background station with its larger sediment supply containing far less plutonium.

The transport rating coefficient for sediment at E055 is 0.98, and demonstrates similar
transport availability to stations E030, E042, and E050. They develop coefficients less
than downstream stations E0O6Q and E110 that range up to 4.8. We estimate up to 4182
tons of sediment was transported beyond this location relative to 19348 tons at E060.
Although relevant, the above concentrations describe only conditions of stormwater
samples, while the rating coefficient assessments also identify transport associated with
the number of runoff events.

The two and one half mile reach downstream appears to demonstrate a slightly increasing
sediment-supply trend as distance increases. The valley is narrow, has a fairly steep
gradient, and the channel bottom is mostly comprised of sand, gravel and cobbles. The
suspended sediment concentration averages are fairly consistent and range from 16401
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mg/L at PU3.1 to 29842 mg/L at PU2.4. We noted from the previous chart the plutonium
concentrations in sediments are fairly stable and consequently the plutonium
concentrations in water reflect similar slight upward-trending plutonium rates as distance
increases downstream.

The largest change within the canyon reach appears within the wetlands section of Pueblo
Canyon. At PU0.3 (E060), below the wetlands, the suspended concentrations reduce by a
factor of at least five. Along this reach the valley floor broadens as well as the associated
floodplain, and the gradient decreases. Within this reach the largest supply of Laboratory
contaminants are stored in recent post-Laboratory era deposits (Reneau et al., 1998).

This area is referred to as reach P4-W by the Laboratory. Shortly after the Cerro Grande
fire, a braided stream system in this reach went through a series of dramatic changes.
Large floods sequentially deposited large volumes of sediments aggrading the floodplain
and then began a period of incising. Floods cut through the alluvium, creating deep
single thread channels, and had the potential to supply increasing amounts of sediments
as the channel banks sloughed and widened. This is partially caused by the water table
following the incised channel depth, drying the banks and abandoning the wetland
vegetation. The channel banks had become more destabilized and were producing
greater sediment supplies. It appears from this evaluation the system has been
improving. The suspended sediment concentration averages of stations upstream of the
wetlands reduced from 20000 mg/L to 4000 mg/L. The plutonium in sediments is fairly
constant from upstream stations to PU0.3 and reduction in plutonium in water
concentrations and transport rates occur.

LAOQ.7 (E110) appears to demonstrate increasing sediment supplies with distance
downstream. The station is approximately four miles downstream of PU0.3 and the
average suspended sediment concentration increases from 4000 mg/L at PU0.3 to over
18000 mg/L at LA0.7. Both the plutonium concentration in sediment, around 4.5 pCi/g,
and the concentration in water, around 17 pCi/L, appear fairly constant. This does not
follow the expectation of increasing total concentrations in water. We believe this
demonstrates Guaje Canyon supplies a larger component of sediment transport at E110
than previously estimated.

The assessment at E110 suggests the sediment concentrations in stormwater originating
from Pueblo average 9300 mg/L relative to 23600 mg/L from Guaje Canyon runoff.
Plutonium concentrations in sediment from Pueblo Canyon runoff average 4.6 pCi/g and
0.27 pCi/g from Guaje Canyon floods. While the sediment supply is larger in Guaje
Canyon, the plutonium concentrations in sediment are near background and are largely
demonstrated by the plutonium concentrations in water. The average total plutonium
concentration in stormwater that originates in Pueblo Canyon is about 50 pCi/L, much
greater than from Guaje Canyon stormwater that averages about 3 pCi/L.

Contributing to this contradiction is that multiple samples from at least six events
(8/20/2008, 8/21/2008, 7/6/2006, 7/17/2005, 8/20/2004, and 8/19/2004) were included in
this spatial evaluation but not the transport evaluation. Samples were collected from
runoff events not successfully recorded by the gage station. Almost all of those events
contained large suspended sediment concentrations of 10000 mg/L to greater than
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100000 mg/L and low plutonium concentrations, indicative of substantial runoff rates
from Guaje Canyon.

The sediment transport rating coefficient of 3.17 at E110 demonstrates similar transport
rates as the Pueblo endpoint E060. The Pueblo plutonium transport rating coefficients at
E060 ranged from 2.71 to 4.78. We estimate up to 7548 tons of sediment was transported
beyond this location. Of this amount, 674 tons of sediment originated from Guaje
Canyon although this may be underestimated. At least six runoff events were not
included in the evaluation of the transport correlations or inventory estimates.

The regional stormwater samples in the Rio Grande contain smaller concentrations of
suspended sediments than the mostly ephemeral Los Alamos watershed. The average
sediment concentration in four Rio Grande storm events is 8500 mg/L while the Los
Alamos Canyon watershed input average, measured at LA0Q.7 is almost 19000 mg/L.
Relatively low suspended sediment concentrations and regional background levels of
plutonium (0.006 pCi/g average) produce low plutonium concentrations in the Rio
Grande floods. They are two orders of magnitude less than developed at the E055
baseline station and three to four orders of magnitude less than seen at any other Los
Alamos watershed location.

An important perception to recognize in relation to contaminant transport downstream is
the relative abundance of background sediment transported in the Rio Grande, While
stormwater runoff from the Los Alamos watershed might temporarily impact Rio Grande
water, the impact is short term. During the August 8", 2006 runoff event, we estimate a
plutonium concentration of 287 pCi/L may have been present in Rio Grande water,
Within ten hours from the beginning of the Los Alamos Canyon runoff, Rio Grande
waters would have recovered to baseline levels. Alternatively, the annual suspended
sediment yield at the Otowi gage in the Rio Grande is over two million tons (2 x 10® Mg
as presented by W. Graff, 1993). Other information for the Rio Grande presented by
Graff includes an annual water yield of 1293 x 10° m® (46 million cubic feet), an annual
maximum flood rate of 8440 cfs, and based on these values an average suspended
sediment concentration of 1547 mg/L. We found an average 1258 tons of sediment per
year was transported into the Rio Grande from the Los Alamos watershed during the
period of this report. Almost 32 mCi in 6000 tons of sediment was transported to the Rio
Grande during 2006 of which most was transported in the August 8" flood. About 80%
of the total suspended sediment and contaminant inventories transported to the Rio
Grande since 2003 occurred in this event.

The following chart demonstrates the plutonium concentration measurements in water
that has been discussed above.
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Figure 27 Spatial Difference of Plutonium Concentrations in Water through Pueble Canyon to the
Rio Grande; Identifies SSC and Plutonium Concentration in Sediments Relationship

The most important relationships to notice in Figure 27 are:

s the background conditions at PU5.5 and within the Rio Grande,

¢ Acid Canyon stormwater containing large plutonium values in sediments but low
SSC and relative low plutonium transport rates in water,

e consistent if not increasing plutonjium transport rates in water through the canyon
reach above the wetlands,

¢ diminishing plutonium transport rates through the wetlands to PUO.3,

¢ and consistent if not decreasing plutonium transport rates to LAQ.7.

Mid Los Alamos Canyon to the Rio Grande

The next three charts in Figures 28 to 30 represent plutonium in sediments, plutonium in
water, and suspended sediment concentrations measured along upper Los Alamos
Canyon to the Ric Grande, The LA0.7 (E110) station and the Buckman-Rio Grande
values are duplicated in both the Pueblo and the upper Los Alamos Canyon reaches.
Besides their location at the watershed endpoint, inspection of these plots provides a
reference between the two upper reaches. The observations to note between the reaches
are plutonium concentrations and SSC are less in the mid Los Alamos reach than the
Pueblo Canyon reach and that the contaminant availability is greater than the near
background conditions of station E055 in upper Pueblo Canyon and in the Rio Grande.

Four upstream stations are represented. LA6.6 was considered baseline but reflects
upstream Laboratory impacts. The DP Canyon station is below a large contaminant
inventory from TA-21 plutonium processing operations. Station E042, two miles below
DP Canyon, is above the Los Alamos low head weir impoundment. Station E050, below
the weir, is above the Pueblo Canyon confluence.
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The first chart in Figure 28 represents the plutonium concentrations in stormwater
sediments sampled in mid Los Alamos Canyon. Two plots are presented for the E050
station to demonstrate changing conditions that developed after an upstream waterline
break at TA-21. The waterline break in 2008 discharged over a SWMU and eroded
contaminated sediments into the canyon. Like the two plots developed for LA0.7 (E110),
they demonstrate dissimilar source terms of contaminants transported in the watershed.
The E050 plot excluding the July 5", 2008 waterline break at TA-21 runoff event and
after is considered to be the most representative of conditions in the mid Los Alamos
canyon after the Cerro Grande fire. The increased flux from the waterline break appears
to be quickly attenuating. Four events were sampled, the maximum plutonium
measurement, 160 pCi/g, was measured in flow from the July 5™ event. Each succeeding
flow contained smaller concentrations; the maximum concentration was 47 pCi/g
collected during an event on August 9", on August 23"a sample was measured at 6.1
pCi/g and finally a sample from an October 11 event was measured at 4.5 pCi/g. Since
then the Laboratory has excavated the impoundment area above the low head weir. E042
may reflect similar contaminant levels but was not sampled during this period.

Average plutonium concentrations in suspended sediments from LA6.6 to E050 before
the line break were fairly consistent; the average ranges from 1.3 to 1.7 pCi/g. Only one
sample was acquired from DP Canyon containing a similar measurement of 1.1 pCi/g.
Until the waterline break the plutonium availability in the canyon was in equilibrium
contributing nearly constant contaminant concentrations to the sediment load in
stormwater. Plutonium levels available in the lower Los Alamos canyon from the upper
reach was less than that from Pueblo Canyon. The average concentration from the upper
reach was 1.3 pCi/g relative to the near 4.5 pCi/g concentrations seen at Pueblo Canyon
E060 (previous discussion) and then at LA0.7(LA). Alternatively, plutonium levels are
almost five times greater than that available from Guaje Canyon, demonstrated at
LAO0.7(G), and two orders of magnitude greater than that demonstrated in regional Rio
Grande stormwater. Since the line break the average concentrations have increased to 23
pCi/g. The following suspended sediment and plutonium measurements in water charts
will demonstrate that although large plutonium concentrations existed, small sediment
loads in stormwater limited contaminant transport downstream.

The rating coefficients for plutonium transport at E030, E042, and E050 are all similar at
0.001 relative to 0.04 developed at E060 and E110. The coefficients developed for
background conditions at E055 and runoff from Guaje Canyon are two orders of
magnitude less, near 0.00004.
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Figure 28 Spatial Difference of Plutonium Concentrations in Suspended Sediments through Mid Los
Alamos Canyon to the Rio Grande

Figure 29 demonstrates suspended sediment concentrations in the upper Los Alamos
canyon reach down to the Rio Grande. The concentrations of suspended sediment in
upper Los Alamos Canyon reflect stable conditions similar to E055, upstream from Acid
Canyon (baseline conditions in Pueblo Canyon). They demonstrate small sediment
availability, are fairly consistent through the upper canyon, and originate from relatively
well armored channels.

The average SSC range from levels as low as 111 mg/L (one sample at DP) to less than
4000 mg/L, similar to that measured in the upper Pueblo reach stations E055 and Acid
Canyon. The concentrations appear to demonstrate a slight increasing trend to E042 until
the flows reach the low head weir above E050. There the average suspended sediment
concentrations at E042 and E050 are almost equal around 3600 to 3900 mg/L. The
events after the July 5" event contain even smaller sediment concentrations associated
with low flow events. As runoff proceeds off Laboratory property beyond the Pueblo
Canyon confluence sediment concentrations increase to 19000 mg/L at LA0.7 (E110) and
reflect an increased availability of sediments in the lower canyon.

The Rio Grande samples contain larger average sediment levels, 8900 mg/L, than the
upper Los Alamos reach, 3300 mg/L and reflect regional stormwater runoff. Nine Rio
Grande samples were collected upon rapid stage increases and the concentration values
range from 450 mg/L to 25000 mg/L. Concentrations are normally around 1000 mg/L
during baseline flow conditions.
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Figure 29 Spatial Difference of Suspended Sediment Concentrations through Mid Los Alamos
Canyon to the Rio Grande

Plutonium concentrations in water reflect transport rates that combine contaminant and
sediment availability in the canyons. The following chart in Figure 30 demonstrates the
plutonium concentrations in stormwater from the upper Los Alamos watershed to the Rio
Grande.
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Figure 30, Spatial Difference of Plutonium Concentrations in Water through Mid Los Alamos
Canyon to the Rio Grande; Identifies SSC and Plutonium Concentration in Sediments Relationship

Plutonium measurements in water average around 4 pCi/L from LA6.6 to E042,
demonstrating fairly consistent contaminant and sediment supplies. Average plutonium
measurements in sediments are 1.7 pCi/g and SSC averages range from 2500 to 3600
mg/L through the mid Los Alamos reach. Although the supplies appear constant the
numbers of runoff events are largely different. Sixteen events were recorded at LA6.6
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and 58 were seen at E042 contributing to a plutonium inventory increase from 0.32 mCi
to 3.21mCi. The contaminant inventory was transported in 255 tons of sediment in the
upper station and 4384 tons at E042. Contaminant loads also decreased through the low
head weir to E050. Approximately 1.08 mCi of plutonium in 755 tons of sediment was
estimated to pass E050 in 33 flow events.

The measurement at DP is an example of the transport availability between stations
where the contaminant levels in sediments are similar but the suspended sediment
concentrations are quite different. The suspended sediment concentration, 111 mg/L at
DP is a magnitude smaller than the average 2000 to 3800 mg/L values measured at the
other stations, while the plutonium concentration is similar to other LA stations, 1.1
pCi/g. The plutonium measurement in water is 0.15 pCi/L, likewise an order of
magnitude less than the other upper watershed stations. The DP sample is a single grab
sample and likely does not represent the canyon conditions. Additional monitoring is
planned at this station. It stands below a large urban runoff source and contributes a
substantial proportion of stormwater to the mid Los Alamos Canyon.

The relationship that develops between E042 and E050 above and below the low head
weir requires discussion at this point. The hypothesis we tested is that coarse grained
sediments would drop out of storm flows within the impoundment at the weir, reducing
suspended sediment concentrations but increasing total plutonium concentrations in
water, and thereby produce an overall reduction in the stormwater contaminant load. We
found that the average plutonium in water concentrations at EO50(A) appear slightly
higher than at E042, 5 pCi/L relative to 4 pCi/L, reflecting an increase of suspended
sediment concentrations at E050. Average suspended sediment concentrations increased
from 3600 mg/L at E042 to 3900 mg/L at E050. Only four samples from two storm
events in 2005 were collected at E042 and 14 samples from eight storm events during
2007 and 2008 at EOS0 (not including events after the waterline break at TA-21).
Although E042 values appear in good agreement with the overall assessment of the upper
watershed it is underrepresented. To test our hypothesis additional sampling at E042 and
E050, especially concurrent samples during individual storm events would be required.

Plutonium concentrations in sediments from samples at E050 collected after the TA-21
waterline break increased by over an order of magnitude, the average increased from 1.3
pCi/g to 23 pCi/g. Although the plutonium availability increased to a large degree, the
sediment load was almost half of that seen before, 2200 relative to 3900 mg/L. The
plutonium concentrations in water increased from around 5 pCi/L to 19 pCi/L and have
demonstrated a fairly rapid attenuation of contaminant availability in the canyon since the
waterline break.

Prior to the TA-21 excursion, the average plutonium concentration in water at E050 was
approximately 5 pCi/L, about 30% of the average 15 pCi/L concentration passing PU0.3
(E060). E050 is the upper Los Alamos watershed endpoint before flows leave the
Laboratory and E060 represents the Pueblo Canyon endpoint at the Laboratory boundary.
After the excursion, plutonium concentrations leaving the Laboratory are similar at both
endpoints, 15 pCi/L at E060 and 19 pCi/L at E050. Sediment load increases from both
endpoints to the Rio Grande and the associated plutonium concentrations in stormwater
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from the Laboratory increase to almost 50 pCi/L. Including the Guaje 2.7 pCi/L
contribution the average becomes 19 pCi/L. The main contaminant source term
originates from Pueblo but EQ50 monitoring should continue in the future to confirm our
assessment that a quick attenuation of contaminants is occurring.

The spatial trend discussion above outlined contaminant transport through the Los
Alamos watershed to the Rio Grande based on comparisons of plutonium concentrations
in sediment, suspended sediment concentrations, and plutonium concentrations in water
measured between multiple stations within the watershed. The data originated from
measurements of samples collected from multiple storm events of variable size and is
intended to represent a range of conditions. Unlike the assessments in the preceding
sections this assessment does not include sediment and contaminant inventories and their
relation to flow dynamics. The conclusions that the primary source terms of
contaminants are from Pueblo Canyon, a smaller source term exists in mid Los Alamos
Canyon, and that potential contaminant transport rates increase at E110 are based on
concentration relationships between stations.

Temporal Changes

The following discussion regards plutonium concentration changes in suspended
sediment over the time period of this report. These values reflect the availability of the
contaminant for transport in stormwater. They represent the annual averages from the
samples collected during the time period of this report and reflect multiple events of
variable sizes at four stations, and a combination of stations through the upper Pueblo
Canyon reach. The stations include E055, E060, E050, and E110, and the upper Pueblo
Canyon reach includes a combination of stations below Acid Canyon to the wetlands;
stations PU4.1, PU3.1, PU2.4, and PU1.7. The following list identifies the reaches they
represent:
¢ Station E055 represents upper Pueblo Canyon assumed to be a baseline or

background station

Station E060 represents the Pueblo Canyon endpoint

The combination of mid Pueblo Canyon stations represents the conditions below

Acid Canyon to the wetlands above EQ60

Station E050 represents the mid Los Alamos Canyon reach, and

E110 represents the Los Alamos watershed endpoint as stormwater flows to the

Rio Grande

Charts were constructed that reflect the annual averages at each station and are presented
in the following figures. The x-axis identifies the years the samples represent. The y-
axis represents the plutonium values, in pCi/g units measured in suspended sediments and
maintains the same scale between charts to establish a reference. The associated table
presents the annual averages, the maximum, and the plutonium and sediment inventory
estimate derived in the Transport section. The bottom line of the table presents the
overall average for all samples collected.
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E055 Time Series

Figure 31 demonstrates plutonium values in sediments from samples collected at the
baseline station E055 in upper Pueblo Canyon during 2003, 2006 and 2007. It
demonstrates little temporal changes in plutonium availability from the head of the
Pueblo watershed.
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Figure 31 Temporal Plutonium Concentrations in Suspended Sediments at Baseline E055

The plutonium concentrations in sediments are all similar around 0.06 pCi/g. The
plutonium values demonstrate little variability from year to year and reflect Pajarito
Plateau background conditions. The sediment mass transport variability is relative to the
stormwater runoff from the upper Pueblo watershed and is too variable to identify recovery
trends. Refer to the E055 Transport section for additional discussion.

Mid Pueblo Time Series

Figure 32 demonstrates plutonium values in sediments from samples collected at a
combination of mid Pueblo Canyon stations PU1.7, PU2.4, PU3.1, and PU4.1 during
2003, 2006 and 2007. It represents little temporal changes in plutonium availability from
the mid Pueblo Canyon below the Acid Canyon confluence to the wetlands above E060.
Discharge measurements are not available at these sites and transport inventories could
not be estimated for temporal assessments.
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Figure 32 Temporal Plutonium Concentrations in Suspended Sediments in Mid Pueblo Canyon,
Includes Stations PUL.7, PU2.4, PU3.1 and PU4.1

Only one sample was collected during 2007 and potentially misrepresents the plutonium
availability in mid Pueblo Canyon. The plutonium concentrations range as high as 11
pCi/g through this reach but generally average 4 pCi/g. Acid Canyon is above this reach
and is the primary contaminant source. Plutonium measurements have been measured
there as high as 30 pCi/g during the period of this report. Based on this assessment it
appears the plutonium availability is fairly consistent and reflects equilibrium between
contaminants in channel sediments and those carried in stormwater.

E060 Time Series

Figure 33 demonstrates plutonium values in sediments from stormwater samples
collected at the Pueblo Canyon endpoint station E060 during 2003 through 2007. No
flows were recorded at this station or samples collected during 2008. The chart reflects
an upward trending change in contaminant availability over time at EQ60 although
preceding discussion shows that the annual transport masses of plutonium and sediment
are diminishing. The estimates from 2003 through 2007 indicate diminishing transport
inventories except for 2006. Stream flow in 2006 on the Pajarito Plateau was
extraordinary and included a 1926 cfs flood that contributed over 84 mCi of plutonium,
95% of the total annual transport inventory in approximately 6000 tons sediment. The
remaining estimates steadily decrease from 22.2 mCi plutonium in 6018 tons of sediment
in 2003 to 0.9 mCi in 229 tons during 2007.
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Figure 33 Temporal Plutonium Concentrations in Suspended Sediments at E060

The overall average of plutonium concentrations in sediment is 4.46 pCi/g. The annual
averages range from 2.7 in 2003 to 7.24 in 2006 representing a 20% to 40% increase each
year until 2006. Only six samples were collected from one event during 2007 and may
not be representative of conditions during the year. Only five events flowed greater than
10 cfs dunng 2007 and the samples we collected originate from a single August 6" event
with a maximum flow of just under 5 cfs.

Increasing availability of plutonium originates in the wetland reach below the public
wastewater treatment plant. The increase may come from either improving efficiencies
of the wetland vegetation in reducing sediment load through the reach or channel bank
failure contribution of new contaminant sources. Soon after the Cerro Grande fire and
significant aggradations in the area, the channels incised throughout the wetlands forming
relatively deep single-thread channels. Stream adjustments to impacts that cause incision
include channel widening and reformation of floodplains. The widening of the channels
may be contributing sediments containing increasing contaminant levels. The alternative
may be that as storm-event flows progress through the wetland area, the sediment load
comprised of the coarsest materials is reduced, producing increasing concentrations of
contaminants associated with the finer grained component of the load. Although
contaminant concentrations increase in water, the overall transport decreases. Data
presented in the spatial evaluation identified a dramatic decrease in the sediment load
through the wetlands which suggests the later theory is likely. The Laboratory is
continuing work to improve channel stability and functionality of the wetlands and
continued monitoring is planned.

E050 Time Series

Figure 34 demonstrates plutonium values in sediments from samples collected at the mid
Los Alamos Canyon endpoint station E050 during 2006 through 2008. It demonstrates
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little temporal changes in plutonium availability before the TA-21 excursion, and since
then a large increase of contaminant concentrations has been seen.
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Figure 34 Temporal Plutonium Concentrations in Suspended Sediments at E050

The values recorded during 2006 and 2007 average just over 1 pCi/g containing a
maximum value just over 2 pCi/g. The assessments discussed in previous sections have
identified fairly uniform transport conditions in mid Los Alamos Canyon except for
2005, 2006, and 2008. Sediment and contaminant yields increased due to increased
stormwater runoff frequencies in 2005 and unusually large events in 2006. During 2008
a TA-21 waterline break discharged almost 4 million gallons of potable water over a
Solid Waste Management Unit on July 4" introducing new contaminant levels to the mid
reach of Los Alamos Canyon.

Combining measurements of samples from the July 4" excursion and subsequent storm
events the average concentration of plutonium in sediments increased to 39 pCi/g, over
30 times greater than the previous averages and off the scale of this chart. The maximum
value measured during the event exceeded 160 pCi/g. The plutonium measurements in
subsequent storm events demonstrate attenuation in contaminant levels. The average of
values measured in the last two events of 2008 is 3.3 pCi/g including a maximum value
of 4.7 pCi/g. At the end of 2008, impounded sediments above the low head weir were
excavated and disposed of and further reduction of contaminant levels can be expected.
An assessment of the sediment reduction efficiency of the low head weir impoundment
based on this data is not possible but continued monitoring of E042 and E050,
particularly of paired sample groups from flows that progress through the weir, should
continue.
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E110 Time Series

Figures 35 and 36 demonstrate plutonium values in sediments from samples collected at
the lower Los Alamos Canyon endpoint station E110 during 2004, 2005, 2006, and 2008.
Two flows greater than 10 cfs were recorded at this station during 2007 but we failed to
collect samples here. The chart appears to reflect an upward trending change in
contaminant availability over time at E110 similar to that at E060, an average 39%
increase each year to 2008. Further investigation identifies major transport differences in
runoff sources, those originating from Pueblo and mid Los Alamos Canyons and those
from Guaje Canyon.

2004-2008 Annual Averages Pu239 at E110

Guaje events

2.00
onl
000 —— e — —

2004 2005 2006 2008 ovarall
average

avarage Max Pu
year Pu 238 value Transpor
PCUG PG mci
2004 1.00 9.20 1.1
2005 1.48 7.10 o2
2008 2,69 7.00 319
2008 0,08 0.20 0.05
[ overal
average 1,67

Figure 35 Temporal Plutonium Concentrations in Suspended Sediments at E110

All plutonium values derived from storm events at E110 are combined to build this chart.
Clearly, an upward trend appears to be developing containing an overall average-
plutenium concentration in sediment of 1.67 pCi/g. From earlier evaluations, we
identified flows at E110 from multiple sources that contribute largely different levels of
contaminants. Flow that originates from the Laboratory contains legacy contaminants at
elevated levels, those that originate from outside the Laboratory exhibit background or
residual contaminants at low levels. This data set expresses conditions from the
combined flows from each scenario. Except for a series of large runoff events during
August of 2006 that yielded most of the contaminant loads that year, it appears
contaminant transport to the Rio Grande has diminished. The following charts in Figure
36 demonstrate the conditions from each scenario, flows that originate from Pueblo
Canyon and those that originate from Guaje Canyon or elsewhere.
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Other RAD Discussion

234 235 238 241

Gross alpha, gross beta, uranium™", uranium™", uranium~", americium®", strontium%,
and cesium'?’ measurements were also completed on an assortment of stormwater
samples collected during the period of this report. Plutonium evaluations were presented
in the previous discussion as the primary contaminant associated with the canyons within
the LANL perimeter and serve as an indicator or tracer parameter for other contaminants.
Periodically, when funding was available, subsets of the other analyses were included to
expand the breadth and to investigate specific questions beyond the original concept of
this report.

Two reference values were established for contaminants in both water and sediments.
Baseline upper tolerance values and outlier limits were developed. The following
discussion identifies radiochemical contaminants that exceed an upper tolerance level
(UTL) established for those areas considered to be background or baseline areas; upper
Pueblo Canyon station E055, upper Los Alamos Canyon station E030, and the Buckman
Landing Rio Grande station. An approximate 95" percent confidence level based on the
mean plus two times the standard deviation of the baseline population was derived for the
UTLs. We also established outlier values based on the entire sample population for
individual contaminants. The outlier definition for this sample group is based on the
mean plus 1.5 times the difference between the 75" and 25™ percentile.

For most of the contaminants in water, if measurable, there exists a close relationship
between discharge, suspended sediments, and the contaminant concentration. Generally,
the variance of this relationship reflects the difference in the flow magnitudes and
portrays the availability of a contaminant for transport. The concentration in sediment
variances identifies potential Laboratory impacts. This relationship was discussed for
plutonium in the preceding discussions. Contaminant concentrations in sediments are
calculated based on suspended sediment concentration and contaminant concentration in
water,

Gross alpha measurements in stormwater range from 1 pCi/L to 2320 pCi/L in 113
samples. Where multiple samples from individual storm events were measured for gross
alpha, they showed linear relationships of concentration to discharge similar to the
discussion made for plutonium. The sample containing the largest level originated from
the background station PU6.4 during an August 23, 2003 1179 cfs event, the second
largest discharge recorded at the site. It contained a large 95000 mg/L concentration of
suspended sediments.

The UTL value calculated for gross alpha in sediments from the baseline stations is 42
pCi/g. The PU6.4 sample described above contained a relatively small 24 pCi/g
measurement for sediment.

Twenty seven measurements that exceed their respective UTLs may identify Laboratory

impacts. A sample was collected at the baseline station PUS.5 that returned a value of
48pCi/g, above the 42 pCi/g UTL. Four measurements originate from PU0.3, collected
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during August and September events in 2003. The values range from 43 pCi/g to 71
pCi/g. Two samples collected from LA0.7 during an August 24", 2005 event exceed the
UTL, the measurements are 48pCi/g and 51 pCi/g. A single sample collected August
25", 2005 at E042 in Los Alamos Canyon is reported above the UTL at 43 pCi/g. Four
measurements from Acid Canyon collected during August and September of 2007 are
above the UTL, ranging from 44 pCi/g to 142 pCi/g. After the July 5™, 2008 waterline
break at TA-21, the gross alpha values in sediments increased in the canyon. Fifteen
samples collected at LAS5.0 exceed the UTL. Four of them originate from 2007 samples
and range from 48 pCi/g to 62 pCi/g. Following the waterline break, eleven samples
from four events exceed the UTL. The values appear to diminish with time, starting at
more than 200 pCi/g and declining to measurements near 50 pCi/g.

One measurement collected at LA5.0 on August 9™ is reported at 228 pCi/g. This value,
as well as other radionuclide values in sediments for this sample, may be an error
developed from the analytical processes. Review of the linear relationship between SSC
and discharge described in an earlier section indicates the sediment measurement could
be too small. The recorded value is 208 mg/L and based on the equation that describes
the linear relationship of SSC and discharge, we estimate a more realistic value would be
around 900 mg/L. A 900 mg/L SSC value would also produce a gross alpha
measurement in sediments near 70 pCi/g, more similar to the other 60 pCi/g values
measured during the event. This error follows through for each radiochemical value we
derived using the 208 mg/L value, and although using a more reasonable SSC produces
consistently high values, further references to this sample will not be made.

Gross beta measurements demonstrate similar conditions. The values range from 5 pCi/L
to 3630 pCi/L. All gross alpha and beta measurements are closely related, and
demonstrate the same increasing concentrations with increasing discharge.

The UTL value calculated for gross beta in sediments from the baseline stations is 100
pCi/g. Three values exceeded the UTL reference value, including one from the EQS0
event that contained a low SSC value. As described in the preceding paragraphs, this
value is probably in error. The other samples originate from an August 29'", 2007 event
at Acid Canyon, AC0.2 and a September 1™, 2007 event at the baseline PU5.5 station.
The values are 119 pCi/g and 138 pCi/g, respectively. No other radiochemical
measurements were made at these stations and a determination of why they may be
elevated cannot be made.

Uranium measurements are presented for 68 samples. The uranium®™* UTL for water is
73 pCi/L and was exceeded in three samples. These values reflect high SSC values
ranging from 48000 mg/L to 99000 mg/L in samples collected from large flood events.

The sediment values are more useful in identifying those areas with potential LANL

impacts. Eight uranium®* values appear elevated above a 2.5 pCi/g UTL. Two samples
originate from baseline and background stations LA6.6 and the Rio Grande and are near
2.6 pCi/g. The remaining values that demonstrate elevated levels ori%inate from samples

collected on or after the July 5™ waterline event at LA5.0. Uranium®* values for five
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samples collected on July 5" range from 5.8 pCi/g to 6.7 pCi/g. Another sample
collected on August 9" 2008 was 2.8 pCi/g.

Uranium™® measurements in water are similar to the high uranium®* levels and reflect
the large SSC found in water from large flood events.

Six values calculated from measurements in water and their associated suspended
sediment concentration, and considered detections exceed the 0.18 pCi/g UTL for
uranium®? in sediment. One 0.22 pCi/g value was derived from a non-detect in a sample
collected at PUQ.3 on August 22, 2003. One elevated value originated from the baseline
station PU6.4 collected on September 3™, 2003. Its value is 0.19 pCi/g. The remaining
five measurements that exceed the reference UTL originate from the TA-21 waterline
break and range from 0.22 pCi/g to 0.33 pCi/g.

Like the other uranium measurements, uranium>" also demonstrates elevated
measurements in water when large SSC levels are present.

The sediment UTL for uranium™® is 2.3 pCi/g. One measurement from a baseline station
LAG6.6 contained a 2.8 pCi/g value. The five samples collected during the TA-21
waterline event contain uranium™" at concentrations greater than the reference values.
They range from 2.6 pCi/g to 3.5pCi/g. The remaining July 5 sample was just under the
references at 2.6 pCi/g.

Only 37 americium®' alpha spectroscopy measurements were made of which five
originate from baseline conditions. Although the conclusions based on references
developed from such a small population of data are limited in value, they do reflect
similar assessments as those made from other radiochemical data sets. Twelve samples
contain elevated americium®*' measurements above a 0.39 pCi/g sediment UTL. Nine
originate from samples collected at LA5.0 during and after the TA-21 waterline break.
All nine samples were collected from two flows, July 5" and August 9. The values
range from 0.9 pCi/g to 18 pCi/g. Three additional samPles from Pueblo Canyon at
stations PU0.3 and PU3.1 contain elevated americium®’'. Two samples collected during
a September 6™ event at PUQ.3 contained 0.4 pCi/g values. The remaining PU3.1 sample
collected July 15%, 2005 is also measured at 0.4 pCi/g.

Sixty strontium®® measurements were made of which 18 are from baseline stations,
Eleven strontium values in water appear elevated, not all of which are due to high SSC
values. In some cases the elevated strontium in sediments are enough to elevate low SSC
samples above the water UTL. Except for a sample collected at DP-0.1/DPS-4 that was
not measured for SSC, the sediment evaluation captures those samples likely impacted by
the Laboratory. The value measured in water at DP0.1 is 18 pCi/L, well over the 3.6
pCi/L water UTL.

The sediment UTL for strontium® is 1.90 pCi/g. Eighteen samples exceed this level.
The baseline station LA6.6 produced a sample that appears elevated. A sample collected
August 24", 2005 at this station was measured at 2 pCi/g. The remaining elevated
samples originate from Los Alamos Canyon stations. Three samples from E042 samples
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collected from two August 2005 events contained levels that ranged from 2.9 pCi/g to
10.6 pCi/g. Eleven samples with elevated strontium levels were collected from LA5.0,
eight of which were collected after the waterline break at TA-21. The values range from
2 pCi/g to 9.7 pCi/g. Three additional samples are from the LA0.7 station just above the
Rio Grande. From two events in 2005, August 12" and August 24™, strontium was
measured between 2.5 pCi/g to 4.4 pCi/g.

Sixty samples were also measured for cesium'*’, of which only four contained detectable
levels. The detection limits range from 1.4 pCi/g to 180 pCi/g and average 12 pCi/g.
The four samples that contained measureable cesium'®’ include three samples at LA0.7
collected from two events in 2005, August 12 and August 24", The values range from
0.6 pCi/g to 1.8 pCi/g. The remaining sample was collected at E042 on August 25™,
2005. Its value is 0.7 pCi/g.

Table 22 contains the measurements discussed above. Those stations that are shaded
green represent areas we consider baseline, PU6.4, PUS.5, and LA6.6. They are nearest
to the heads of their respective watersheds, but in one case has demonstrated some
impacts from Laboratory operations. The Rio Grande station, also shaded green, is
considered background and impacted only by atmospheric contaminants. Upper
tolerance values are developed for this baseline/background data population of
contaminants in stormwater and the associated sediments. They reflect the highest
measurement for this population at a 95% probability. It is not intended to represent a
background reference level for stormwater samples or the associated suspended
sediments. It does identify what we define as extraordinary measurements for this data
population. The columns shaded tan represents contaminant concentrations in sediments.
The concentrations are calculated based on the suspended sediment concentration and
contaminant concentration in water. Values that exceed the UTLs for water and
sediments are preceded by an X and represent extraordinary measurements. Values that
are not preceded by an X do not preclude them as potentially impacted by Laboratory
operations. Descriptive statistics for each contaminant data set are listed at the bottom of
the table. The Baseline UTL is developed from only the stations identified as baseline or
background. Generally, extraordinary values in water reflect samples collected from
large storm events that carried high levels of suspended sediments. Extraordinary values
in sediments identify some environmental excursion, for example the July 5™, 2008
waterline break at TA-21 that made increasing amounts of contaminants available for
transport. Another example includes the August 9™ sample at LAS5.0 that we suspect
contains a suspended sediment measurement error. The row that includes those values is
shaded in yellow.
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Metals evaluation

Fifty-three stormwater samples collected from Pajarito Plateau during 2005, 2006, and
2008 were submitted to analytical laboratories for dissolved metal analysis, and 73
samples during 2003, 2005, 2007, and 2008 were submitted for total metal analysis.
Stormwater samples were also collected in the Rio Grande at Buckman Landing in 2008
and measured for dissolved metals. Calcium, magnesium, silver, aluminum, arsenic,
barium beryllium, cadmium cobalt chromium copper iron, mercury, manganese, nickel,
lead, antimony, selenium, thallium, uranium vanadium zinc, potassium, sodium are
included in most analysis and boron, molybdenum, silica, tin, and strontium were also
included in 2003 total metal measurements.

The following assessment includes comparison of the metal analytical values to
applicable New Mexico 20.6.4 NMAC Standards for Interstate and Intrastate Surface
Waters. Numeric criteria exist for livestock watering, wildlife habitat, and acute aquatic
life uses in ephemeral and intermittent portions of watercourses within lands managed by
the U.S. Department of Energy. Additional criteria for irrigation exist for the main stem
of the Rio Grande at Buckman.

Where applicable criteria do not exist summary statistics will be presented in table format
followed by a brief narrative.

Acute aquatic life criteria for dissolved silver, cadmium, chromium, copper, nickel, lead,
and zinc are individually calculated for each sample based on water hardness derived
from dissolved calcium and magnesium measurements. There are also wildlife habitat
criteria for total mercury and selenium. The derived chronic aquatic life criteria normaily
associated with these acute criteria do not apply to the ephemeral Pajarito Plateau canyon
reaches.

There are no dissolved silver, chromium, mercury, or nickel measurements that exceed
acute aquatic life criteria. All detection levels are below the criteria, and almost all
reported measurements are less than detection levels.

All cadmium measurements are reported less than the average 0.0003 mg/L detection
levels. Those levels were adequate to determine that there was not an exceedance of the
acute aquatic life criterion.

Most of the reported lead measurements are less than their detection levels (0.0005 mg/L
for the watershed samples and 0.000045 mg/L for samples collected in the Rio Grande);
although a number of samples are measured above their detections limits only a single
measurement collected at LA0.7 on 8/24/2005 (0.06 mg/L) exceeds the lead acute aquatic
life criterion {0.04 mg/L).

Most copper measurements are reported above their individual detection levels (0.002
mg/L), and four exceed the acute aquatic life criterion. The samples that exceed the acute
criterion were collected at SA6.1 on 8/12/2005 (0.0049mg/L relative to the 0.0038
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criterion), LA6.6 on 8/13/2005 (0.0043 mg/L relative to the 0.0032 criterion), and two
samples collected in Los Alamos Canyon at Gage E042 on 8/25/2005 (0.004]1 mg/L and
0.0058 mg/L relative to their 0.0038 and 0.0048 mg/L derived criteria). Interestingly, the
largest copper measurement was at LA0.7 on 8/12/2005. The 0.0079 mg/L measurement
is less than its derived 0.0118 mg/L criterion. There are multiple measurements larger
than those levels presented above as exceeding a criterion, although their associated
hardness levels were relatively larger and because of that difference the individually
derived criteria were higher,

Almost all zinc values are reported above their detection levels (0.005 mg/L) and several
exceed the acute aquatic life criterion. Acute exceedance measurements are found in
samples collected on 7/15/2005 at PU4.1, DP0.1/DPS4, La0.7, on 8/12/2005 at LA6.6, on
8/22/2005 at LA6.6, on 8/23/2008 and 10/11/2008 at LA5.0, and in Los Alamos Canyon
at Gage E042 on 8/25/2005.

The zinc value at PU4.1 is 0.068 and greater than its derived 0.064 mg/L criterion, at
DP0.1/DPS4 the measured value is 0.045mg/L relative to its criterion of 0.044 mg/L.

The samples collected on 8/12/ 2005 at LA0.7 and La6.6 are 0.17 mg/L and 0.077 mg/L
relative to the respective 0.104 mg/L and 0.034 mg/L criteria. Another LA6.6 sample
collected later in 2005 on 8/22 was measured at 0.049 mg/L and greater than its derived
criterion of 0.034 mg/L. Two samples collected at La5.5 in 2008 on 8/23 and 10/11 had
zinc values of 0.094 mg/L and 0.19 mg/L and greater than their respective 0.039 mg/L
and 0.049 mg/L criteria. The remaining zinc exceedance was from a sample collected
during 2005 in Los Alamos Canyon at Gage E042, the value is 0.038 mg/L slightly above
a derived 0.037 mg/L criterion.

Most total selenium measurements are reported as non-detects, and of the few values
reported above the 0.001 mg/L detection level, none exceeded the 0.005 mg/L wildlife
habitat criterion.

Stormwater sample analysis are also compared to livestock watering criteria that exist for
dissolved lead, selenium, and vanadium, as well as for total mercury, and wildlife habitat
criteria that exist for total mercury and selenium.

Most of the dissolved lead and vanadium measurements are reported as less than 0.0005
mg/L detection limits, and none of the levels exceeded the 0.1 mg/L livestock watering
criterion. The detection levels and standards were identical for both elements. As well,
almost all dissolved selenium and total selenium measurements are reported as below the
0.001 mg/L detection limits; and all dissolved values are below the 0.05 mg/L livestock
watering criterion, and all total values are below the 0.005 mg/L wildlife habitat criterion.

Most total mercury measurements are reported as non-detects below the 0.0001 mg/L
detection limit, although five samples contained detectable mercury at levels that
exceeded the 0.00077 mg/L wildlife habitat criterion. Two samples collected 30 minutes
apart (15:02 and 16:32) on 8/24/2005 at LA6.6 were measured at 0.00088 mg/L and
0.00085 mg/L. Three more samples collected at LA0.7 in 2006 on 7/6, 8/8, and 8/25



exceed the wildlife criterion. The measurements are 0.0019 mg/L, 0.0021 mg/L, and
0.0017 mg/L respectively.

Applicable standards do not exist for the remaining dissolved and total metal analysis. A
brief narration of the averages and outliers measurements will be made and tables
presented that include summary statistics for the sum of all the measurements as well as
for each individual year. Outlier levels were determined based on addition of the mean
plus the difference between the 75™ and 25" percentiles for each analyte. The assessment
includes 14 dissolved metal measurements made for 53 samples, and 27 total metal
measurements made for 73 samples.

The following narrative describes the number of detections, averages, outliers, and
number of measurements that exceed the outlier lever for the dissolved measurements
made in 53 samples during 2005, 2006, and 2008.

Fifty two detections were made for calcium. The average for all measurements was 23
mg/L, and averages ranged from 18 mg/L during 2005 to 38 mg/L during 2006. Five
measurements exceeded the outlier level of 44 mg/L.

Fifty three detections were made for potassium. The average for all measurements was 5
mg/L, and averages ranged from 3 mg/L during 2008 to 7 mg/L during 2006. Three
measurements exceeded the outlier level of 8 mg/L.

Fifty three detections were made for magnesium. The average for all measurements was
3 mg/L, and averages ranged from 2 mg/L during 2005 to 5 mg/L during 2006. Four
measurements exceeded the outlier level of 5 mg/L.

Fifty two detections were made for sodium. The average for all measurements was 17
mg/L, and averages ranged from 16 mg/L during 2008 to 19 mg/L during 2006. Six
measurements exceeded the outlier level of 26 mg/L.

Nine detections were made for aluminum. The average for all measurements was 0.97
mg/L, and averages ranged from 0.14 mg/L during 2005 to .8 mg/L during 2008. One
measurement exceeded the outlier level of 2.03 mg/L.

Thirteen detections were made for arsenic. The average for all measurements was 0.0025
mg/L, and averages ranged from 0.0021 mg/L during 2008 to 0.0027 mg/L during 2005.
One measurement exceeded the outlier level of 0.0031 mg/L.

Fifty three detections were made for barium. The average for all measurements was 0.14
mg/L, and averages ranged from 0.23 mg/L during 2008 to 0.10 mg/L during 2005.
Three measurements exceeded the outlier level of 0.35 mg/L.

There were no detections of beryllium.

Two detections were made for cobalt. The average was 0.003 mg/L, one sample in 2005
was 0.002 and another in 2006 was 0.004 mg/L.
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Twenty four detections were made for iron. The average for all measurements was 0,26
mg/L, and averages ranged from 0.09 mg/L during 2005 to 0.73 mg/L during 2008. Four
measurements exceeded the outlier level of 0.32 mg/L.

Twenty detections were made for manganese. The average for all measurements was
0.36 mg/L, and averages ranged from 0.10 mg/L during 2008 to 0.78 mg/L during 2006.
Three measurements exceeded the outlier level of 0.56 mg/L.

Thirty eight detections were made for antimony. The average for all measuremenis was
0.0009 mg/L, and averages ranged from 0.0008 mg/L during 2005 to 0.0009 mg/L during
2008. Five measurements exceeded the outlier level of 0.0014 mg/L, all during 2006
from La0.7.

There were no detections of thallium.

Thirty nine detections were made for uranium. The average for all measurements was
0.00099 mg/L, and averages ranged from 0.00035 mg/L during 2005 to 0.00265 mg/L
during 2008. Three measurements exceeded the outlier level of 0.00202 mg/L.

Table 24 contains all the summary statistics for the dissolved metals measured for this
project, including those that have numeric standards.

Table 24 Dissolved Metals Summary Statistics
Ca [3 Mg Na

Ag Al As Ba By cd Co Cr I
2005 measuremanis  counl ar a8 E R 0 1 8 38 0 0 1 ly
average 18 6 2 7 0.14 0.0027 0.10 0.002
minknum 6 2 1 1 0.14 0.0029 002 0.002
maximum 50 17 5 41 014 0.0043 039 0.002
25th percentila ] 4 1 1 014 0.0023 0.03 0.002
T5th parcentile Fil 6 3 21 014 0.0028 0.10 0.062
outlier level 30 8 4 27 0.14 0.0032 017 0.002
2006 measuremants count [ & 6 ] ] 5 2 6 1] 0 1 o
average 38 7 5 19 086 ¢.0027 026 0.004
minkmum 2 3 3 10 0.12 .0022 009 0.004
maxlmum T2 13 12 40 170 0.0621 0 0004
26th parcentila 28 5 4 13 614 0.0024 02 0.004
TSth percentile 43 9 5 18 120 0.0029 033 0.004
outlier leval 53 12 7 24 172 00631 03r 0.004
2008 measuremonts  count g ] ] L] ] 3 3 L] 1] 0 4] 0
average 3 3 4 16 177 00021 0.23
minimum 4 2 2 10 012 0.0621 009
maxlmum 53 [ 6 k)| 400 0.0621 0.57
25th percentls 34 2 4 12 066 0.0021 0.09
75th percentlle 41 ] -] 17 260 0.0021 027
cutiler lavel 40 ] & 20 N 0.0621 04t
all measuremants count 52 53 53 52 1] L] 13 53 o 0 2 0
average 23 § 3 17 (1574 00025 0.t 0.003
minimum L] 2 1 1 012 0.0021 002 0.002
maximum 12 17 12 L3 400 00043 057 0.004
25th percentlie 10 3 F 1 0.14 0.0021 003 0.003
751h percentila a & 4 20 120 4.0027 0.24 0.003
oullier lovel 44 ] 5 26 203 10031 _0.35 0.004
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Table 24 Dissolved Metals Summary Statistics (continued)
tu Fe Hg ___ Wn G 1) U v Zn
2005 measwrements  count a0 15 0 12 0 13 26 25 7 8
avarage 00039 009 031 00062 00005 000035 DO0BT 0037
minimum 00022 006 0.00 00005 00003 000010 00054 D008
maximumn 00079 013 190 00600 00010 000140 00077 0170
25th percentie 0 D031 007 000 00007 00004 000018 00056 0013
75th percantile  0.0044 011 018 00023 00008 000026  0GOB4 0047
oullier level 0.0052 013 050 00084 00007 000045 00089  0OM
JZOOG measuraments counl 4 5 '] 4 2 3 [ 6 4 6
average 00047 0.39 078 00055 00003 00027 000142  0O0S6 aml
minimum 00038 008 000 00051 00005 0000 000036 00054  0OD18
maxium 0.0055 1.00 280 00059 00012 00039 000350 00085  0OM
25th partentile  0.0045 008 001 000S3 00008 00018 000076 00055 0033
5thpercentls  0.0050 075 082 00057 00012 00036 000178 00074 0054
outlier level 0.0052 1.08 168 00059 00013 00045 000243 00085 0064
2000 maasuremanis  count 2 4 0 4 1] 2 [ B 4 9
average 00034 073 010 00006 006008 000265 00056 0071
minkmum 00027 006 0oz 00017 00003 oEmIs  000S5T  0.017
maximum 00040 200 023 00030 00025 000810 00063 0 100)
25th percentla 00030 006 002 00020 00005 000138 00052 0.029
75th percentile  0.0037 109 0.18 Q0027 00009 003200 00058  0.084
outlier lavel 0.0040 176 023 00012 00014 000417 00062 0136
all megsuramanis count 36 24 0 20 2 18 28 i 15 51
aversge 00039 076 036 00055 00049 00008 000099 00061 DD44
minimum 00022 006 000 00051 0OOOS 00003 000010 00051 0.008
rRaximum 0.0079 200 280 00058  0OG00 0003 000810 00085  0.190
25th percantile  0.0031 006 001 00053 00007 00004 000017 EO0SS  0O0%7
75th percantile  0.0047 012 021 00057 00027 00008 000120 ©O0B4  0OS3
outlier lavel 0.0056 032 056 0005  DODES 00014 000202 DOOTD 0079

The following narrative describes the number of detections, averages, outliers, and

number of measurements that exceed the outlier lever for the total measurements made in
73 samples during 2003, 2005, 2007, and 2008. During 2003 additional total
measurements for boron, molybdenum, silica, tin, and strontium were made, and
potassium and sodium measurements were not made.

Seventy three detections were made for calcium. The average for all measurements was
89 mg/L, and the averages ranged from 57 mg/L during 2005 to 136 mg/L during 2003.
Nine measurements exceeded the outlier leve! of 148 mg/L.

Fifty nine detections were made for potassium. The average for all measurements was 27
mg/L, and averages ranged from 19 mg/L during 2005 to 52 mg/L during 2007. Six
measurements exceeded the outlier level of 40 mg/L.

Seventy three detections were made for magnesium. The average for all measurements
was 32 mg/L, and averages ranged from 21 mg/L during 2005 to 22 mg/L during 2007
and 2008. Eight measurements exceeded the outlier level of 52 mg/L.

Sixty detections were made for sodium. The average for all measurements was 20 mg/L,
and averages ranged from 19 mg/L during 2008 to 19 mg/L during 2006. Eight
measurements exceeded the outlier level of 28 mg/L.

Seventy three detections were made for aluminum. The average for all measurements
was 129 mg/L, and averages ranged from 82 mg/L during 2005 to 247 mg/L during 2007.
Ten measurements exceeded the outlier level of 225 mg/L.

Sixty five detections were made for arsenic. The average for all measurements was 0.02

mg/L, and averages ranged from 0.02 mg/L during 2003, 2005, and 2008 to 0.04 mg/L
during 2007. Four measurements exceeded the outlier level of 0.03 mg/L.
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Seventy three detections were made for barium. The average for all measurements was
1.54 mg/L, and averages ranged from 0.88 mg/L during 2005 to 2.8 mg/L during 2003.
Nine measurements exceeded the outlier level of 2.60 mg/L.

Sixty nine detections were made for beryllium. The average for all measurements was
0.14 mg/L, and averages ranged from 0.008 mg/L during 2005 to 0.020 mg/L during
2007. Eleven measurements exceeded the outlier level of 0.23 mg/L.

Seventy one detections were made for cobalt. The average was 0.046 mg/L, and
averages ranged from 0.028 mg/L during 2005 to 0.074 mg/L during 2003. Seven
measurements exceeded the outlier level of 0.079 mg/L.

Seventy three detections were made for iron. The average for all measurements was 129
mg/L, and averages ranged from 86 mg/L during 2005 to 249 mg/L during 2007. Eleven
measurements exceeded the outlier level of 237 mg/L.

Seventy three detections were made for manganese. The average for all measurements
was 6.1 mg/L, and averages ranged from 2.8 mg/L during 2005 to 17.1 mg/L during
2003. Ten measurements exceeded the outlier level of 10.1 mg/L.

Fifty six detections were made for antimony. The average for all measurements was
0.0011 mg/L, and averages ranged from 0.0011 mg/L during 2005 and 2008 to 0.0013
mg/L during 2007. There were no measurements exceeding the outlier level of 0.0041
mg/L.

Fifty four detections were made for thallium. The average for all measurements was
0.002 mg/L, and averages ranged from 0.0013 mg/L during 2005 to 0.003 mg/L during
2007. Three measurements exceeded the outlier level of 0.007 mg/L.

Sixty eight detections were made for uranium. The average for all measurements was
0.014 mg/L, and averages ranged from 0.0084 mg/L during 2005 to 0.0322 mg/L during
2003. Twelve measurements exceeded the outlier level of 0.025 mg/L.

Seventy three detections were made for vanadium. The average for all measurements
was 0.163 mg/L, and averages ranged from 0.113 mg/L during 2005 to 0.188 mg/L
during 2008. Seven measurements exceeded the outlier level of 0.279 mg/L.

Seventy three detections were made for zinc. The average for all measurements was
0.622 mg/L, and averages ranged from 0.488 mg/L during 2005 to 0.877 mg/L during
2003. Ten measurements exceeded the outlier level of 1.2 mg/L.

Thirteen detections from 13 samples were made for boron during 2003. The average was
0.15 mg/L, ranging from 0.10 mg/L to 0.20 mg/L. There were no outliers.

Two detections from 13 samples were made for molybdenum during 2003; both values
were 0.01 mg/L.
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Thirteen detections from 13 samples were made for silica during 2003. The average was
152 mg/L, ranging from 100 mg/L to 280 mg/L. One value (280 mg/L) exceeded the
outlier level 0of 212 mg/L.

Four detections from 13 samples were made for tin during 2003. The average was 0.7
mg/L, ranging from 0.2 mg/L to 0.9 mg/L. One value (0.9 mg/L) exceeded the outlier
level of 0.8 mg/L.

Thirteen detections from 13 samples were made for strontium during 2003. The average
was 0.7 mg/L, ranging from 0.2 mg/L to 1.8 mg/L. Three measurements exceeded the
outlier level of 1.2 mg/L.

Table 25 contains all the summary statistics for the total metals measured for this project,
including mercury and selenium which have numeric standards.

Table 25 Total Metals Summary Statistics
Na

K Mg Na Ag Al As Ba Be Cd Ca [=]

2003 measurements counl 13 o 13 0 4] 13 800 1 13 o 12 12
avarage 136 35 149 o0 28 0a28 o074 0.067
minimum i} 16 52 oo o7 0006 1020 0.020
maximum 380 L] 400 [+ a 0.100 0200 0.200
25th percenlile 56 19 72 oot 1 0.010 0030 0038
75th percentiie 130 35 180 ooz a6 0.040 0.105 0.093
outlier level 210 51 257 ool 54 0.058 0.148 0.122
005 measurernenis  counl I ¥ ar kT n kg 00 k) kK] iy 36 3
avarage 57 18 21 19 00027 82 002 [:]] 0.008 o1 no28 0063
minimum 10 5 2 2 00001 ] 000 007 0.001 Qo001 0002 0007,
maximum 650 120 240 44 00180 670 006 B30 0.037 0.076 0220 0.330]
25th percanille 1§ a [ 15 00004 1% i Xi}} 023 &.002 0.002 0.006 0015
751 percantiie 55 20 19 a4 0003 100 oo2 110 aon @015 0036 0.033)
oulliar lavel ar k3 M 20 00056 16 oo 175 o016 0.024 0.057 011
2007 measurements  count 1 10 n 1" 10 1" 11.00 1" 11 1" 1 n
average 131 52 57 2 00053 247 o4 24 0020 0003 0073 0.137]
minimum 17 -] 6 8 00006 24 o; 0.18 0002 0000 0006 [dgl
maximum 520 180 190 42 00220 0 012 780 0.086 LT 0.260 0.430
25th parcaniile 20 10 10 15 0.0011 49 001 043 0.004 0.001 0014 0.038]
75th parcentile 160 81 70 28 00081 o 005 3165 0025 0004 0.120 0210
outlier lavel 271 123 118 B/ 00122 568 Q07 563 0040 0.006 0.179 0.310
2008 measuramenis  count 12 12 12 12 12 12 12.00 12 12 7 12 12
average 84 n 40 22 00048 142 002 140 0010 0.064 oo47 0.166
minimum 17 & 5 16 00001 10 000 012 .00t 0.001 0002 0021
maximum 810 27 390 40 Q0120 1400 (8 1] 1400 0087 0.021 0500 0.760]
25th percentile F4l 7 7 18 00006 14 0.00 01s 0001 0.001 0003 0.051
75th percentile 28 10 1" 22 00012 30 a0 o4t 0004 0.002 0010 0 170]
oullier lovel 100 34 45 26 00026 166 03 166 0012 0.005 0055 02086
Bl maasuramenis count 73 58 73 &0 50 n 65 T 68 55 Fal 72
aveiage 29 27 2 20 00030 129 0020 154 0014 0008 0.046 0.082
mbnimum 10 5 2 Z 0000 3 o002 oo7 0.001 0.000 0.002 0.007|
maximum 810 70 380 44 00220 1400 019 1400 0100 o076 0500 0.760
251h percentile 20 8 7 16 DO006 24 0.006 024 0003 0002 0006 0026
T5th percentile k] 21 27 23 oo020 120 oozt 130 0.012 co10 0040 0.160
ocullier isval 148 40 52 28 00185 225 0.03 2.60 0.023 0028 0079 0166
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Table 25 Total Metals Summary Statistics (continued)
(] Fe Ho Mn ] Po 56 Se L] [ ]

2002 measurements  count 9 13 1] 13 ;] 13 4] 0 0 9 13
average 0.212 146 171 0.18 0487 0.0322 0144
minknum G.100 7 20 0.10 0130 Q0060 0050
maximum 0500 410 580 0 40 1.300 0.0800 0400
25th percentlie 0.100 63 41 0.10 0250 0.0140 0070
T5th percantlle 0.300 180 220 0.20 0.650 0.0500 0.200
outlier lovel 0412 263 350 0.28 4.897 0.0682 0.274
izws measutements  counl k1 37 1B a7 36 36 3% 3 a2 37 k1)
average 0.088 86 0 0004 28 D05 0.164 00011 0002 00013 0.0084 0112
minlmum 0.008 5 0 D001 0.2 oo 0016 00002 0.001 0.0002 0.0004 0.010
mEaxkmum 0540 §10 400N 17.0 037 0.870 2.0033 0.002 0.006D 0.0510 0780
25th percentils 2023 17 0.0002 05 001 0046 0.0007 o001 0.0005 00015 0031
75th parcentlie @105 120 0.0005 i 007 D.208 0.0012 0.002 0.0017 0.0099 0.150
oulliaf level 0370 188 00007 5.0 0.11 0.326 0.0018 0.002 00025 [ [ ] 0.232
2007 maasurements couni 1 1 a 1 11 10 10 k] " 10 1
average 0229 248 00010 15 0.14 0414 0.0012 0.002 0003 0022 0.324
minimum 0019 24 0.0002 08 0.0t 0.040 0.0004 0.001 0.000 0.002 0.031
maxlmum 0810 910 0.0021 270 053 1.300 00022 0.003 0.014 0063 1.000
251h perceniila 0.057 44 0.0004 14 0.03 0.138 0.0008 0.002 0.001 0.004 0067
751h parcentila 0.345 380 0.0018 108 023 0473 0.0019 0.003 0.004 0.040 0,565
oullief level 0518 585 0.0024 170 034 0.748 0.0024 0.003 0.007 0.058 0823
2008 measuraments count 12 12 4 12 12 12 bl 1 " 12 12
average 0.136 130 0 0004 a [1d:] 0.157 00013 0.006 0.002 0.005 0.188
Minimum 00 g 0.0001 L1 X] 00 oo 0.0004 0.006 0.000 0.001 0.020
maximum 1300 1300 0.0009 80 0485 1.300 0.0025 0.006 0.016 0.081 1.600
25th parceniils 0.016 12 00002 04 0.01 0.024 0.0007 0.006 0.000 0.002 0028
75th pententia 0.039 a2 0.0004 09 003 0.080 00013 0.006 0.001 0004 0450
outher laval 0158 149 0.0006 ar 010 0213 0.0017 0.006 0002 oo 0.209
all msasuremenis count €8 73 30 73 65 7t 56 T 54 L) T3
averags 0.135 129 0.0005 i [+1:.1] 0.259 00011 0.002 0.002 0014 0.163
minEmum 0008 5 0.0001 02 (R} 0.016 0.0003 0.001 0.000 0.000 0.010
maximum 1.300 1300 0.0021 580 085 1.300 00033 0.006 0016 0081 1,800
25th parceniile 0.022 22 0.0002 08 [+ N<}] 0.046 0.0007 0.001 ooco 0002 0039
T5th percentlie 0140 130 0.0006 48 [1];:] 0305 0.0013 0003 0002 0015 0.155
outlier level 240 237 0.0008 10.1 017 0 522 0 D041 0007 0007 0025 0279
Table 25 Total Metals Summary Statistics (continued)
B Mo Si Sn Sr
2003 measurements count 13 2 13 4 13
average 0.15 0.1 152 0.7 0.7
minimum 0.10 0.1 100 0.5 0.2
maximum 0.20 0.1 280 0.9 1.8
25th percentile 0.10 0.1 110 0.7 0.3
75th percentile 0.20 0.1 170 0.8 0.8
outlier level 0.25 0.1 212 0.8 1.2

Summary

This report evaluates the chemical and hydrological data to determine mass transport of
sediments and Los Alamos National Laboratory legacy plutoniumm“'z““ in stormwater
runoff, describe spatial and temporal trends in suspended sediment loads and contaminant
levels, and determine exceedance of applicable water quality criteria. We estimated
plutonium and sediment transport inventory at LANL gage stations E030, E042, E050,
E055, E060, and E110 in the Los Alamos watershed using correlations between discharge
(Q), suspended sediment concentration (SSC), and total plutonium®** in stormwater.

In summary we estimate:

e that up to 182 mCi of plutonium®??* has been transported out of Pueblo Canyon
into lower Los Alamos Canyon on Pueblo de San Ildefonso lands during the 2003
to 2008 period of this report

o that 1 mCi has been transported out of mid Los Alamos Canyon into lower Los
Alamos Canyon
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that 34 mCi of plutonium™®**® has been transported to the Rio Grande during the
period of this report

that 149 mCi or 82% of plutonium™°>* transported beyond the Laboratory
boundaries during the time frame of this report remains on Pueblo de San
[ldefonso lands in lower Los Alamos Canyon.

Laboratory contaminants were carried off site in 19000 tons of suspended
sediments, of which 7500 tons entered the Rio Grande

that approximately 246 mCi of plutonium®®%% in 35543 tons of suspended
sediment have been transported out of Pueblo Canyon into lower Los Alamos
Canyon since the 2000 Cerro Grande fire

rating coefficients that describe the relationships between peak discharge and
inventory estimates of suspended sediments and plutonium®*?*° can be used to
identify contaminant and sediment transport availability, and thereby temporal
and spatial condition changes in the watershed channels. For example lower
Pueblo Canyon followed by lower Los Alamos Canyon stations develop the
largest coefficients and contribute the largest amount of sediment for transport.
Upper Pueblo and upper to mid Los Alamos stations contribute the smallest
levels.

plutonium concentrations in suspended sediments throughout Pueblo
Canyon average about 5 pCi/g, the levels are similar in lower Los Alamos Canyon
above the Rio Grande when floods originate from Laboratory property, averaging
4.6 pCi/g. The average from Guaje Canyon, a baseline tributary to lower Los
Alamos Canyon, is 0.4 pCi/g.

until a July 2008 waterline break at TA-21 in upper Los Alamos Canyon, the
average plutonium™" ~*’ concentration in the canyon suspended sediments was 1
pCi/g, after the excursion it increased to almost 40 pCi/g. The concentrations
have steadily declined since the waterline break. Acid Canyon, a main source
term to Pueblo Canyon, contributes an average 17 pCi/g in suspended sediments
The average concentrations of total plutonium™”>* in all storm samples from
upper Los Alamos Canyon is 5 pCi/L, the average concentration in mid Pueblo
Canyon above a wetland is 90 pCi/L. Beyond the wetlands the concentrations
decline to an average 15 pCi/L measured at the Pueblo Canyon endpoint and then
19 pCi/L downstream to the Rio Grande confluence

it appears that an 85% reduction of sediment transport rates occur through the
Pueblo Canyon wetlands, identified by suspended sediment concentrations.

an 80% reduction of sediment transport rates occurs through the Los Alamos
Canyon low head weir, up to 86% when flows completely impounded by the
structure are included in the evaluation. Approximately 3700 tons of sediment
was retained within the impoundment.

a subset of gross alpha, uranium, americium, strontium, and cesium measurements
also identified Laboratory impacts in the Los Alamos watershed

few metals analysis exceed New Mexico 20.6.4 NMAC Standards for Interstate
and Intrastate Surface Waters, although some measurements of dissolved lead,
copper, and zinc did exceed acute aquatic life standards and some total mercury
measurements did exceed wildlife habitat standards
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¢ the frequency and magnitude of floods in the Los Alamos watershed are
decreasing, but urban and residential stormwater discharges will continue to
contribute to future flood magnitudes and probabilities.
Sediment and plutonium®®** transport estimates for the period of 2003 through 2008
were reported at six stations within the Los Alamos watershed. Rating coefficients were
also developed and presented that identify stream function, relative channel stability, and
sediment and contaminant availability at stations monitored during this period. These
factors demonstrate near-background conditions in upstream Pueblo and downstream
Guaje Canyons, and moderate LANL impacts within the mid Los Alamos Canyon reach
relative to large impacts in Pueblo and lower Los Alamos Canyons. Use of these
coefficients in future storm water assessments may identify changes in the watershed.
These changes may reflect potential destabilization of the water courses or watershed
improvements made by LANL to reduce off-site contaminant migration.
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Appendix A
Analytical Descriptions

The following descriptions are of the major classes of radionuclide analysis normally
requested by this bureau.

Alpha Emitting Radionuclides measured by alpha spectroscopy

Commercial laboratories use alpha spectrometry to accurately identify and quantify
alpha-emitting radionuclides in soil, water, air filters, and other sample matrix. Alpha
spectrometry can identify and quantify uranium 234, 235, and 238, thorium 228, 230, and
232, plutonium 238, 239, and 240, poloniumzm, neptuniumm, and americium™"! by
counting their alpha emissions at specific energies. Each radionuclide emits alpha
particles at distinct energies. A spectrum is constructed that includes the rate of
emissions at those energies. The laboratory uses this spectrum to identify and quantify
each analyte.

Laboratory sample preparation involves drying a sample and grinding the remaining
matrix to a fine-grain, homogeneous aliquot. This aliquot could be heated to high
temperatures in a furnace or treated with strong oxidizers to eliminate organic materials.
A small portion of the homogenized sample is usually all that is required for the
individual analysis.

Once the sample has been prepared, a 2 to 10 gram aliquot is dissolved or leached to
provide a clear solution containing the radionuclide of interest. Often the sample is
completely dissolved using combinations of nitric, hydrochloric, and hydrofluoric acids.
In some cases, leaching with strong acids can consistently provide greater than 80%
recovery of a radionuclide and may be acceptable for certain applications. Tracers of
known activity and of similar chemical properties to the radionuclides of interest are
added before separation. The laboratories measure the tracers to calibrate the instruments
and determine the overall analyte recovery during the chemical procedures.

Plutonium>*?, uranium®*, and americium™** are examples of tracers that could be used.

After dissolution, the sample is purified using a variety of chemical reactions to remove
bulk chemical and radionuclide impurities. Ferric-hydroxide co-precipitation is
commonly performed to remove constituents that do not form insoluble hydroxides. The
precipitate containing the analytes of interest is re-dissolved and the solution is passed
through multiple ion exchange columns. These columns are used to sequentially retain
the analytes of interest. The columns are eluted with acid washes, re-dried, re-dissolved,
and the solutions co-precipitated with lanthanum fluoride. These steps provide a
chemically and radiologically pure sample having very little mass. Other examples of
purification techniques include liquid-liquid extraction, distillation, and electro-
deposition.

After the sample is purified, it is prepared for counting by analyte deposition onto a smalil

planchet. Because of the limited penetrating power of alpha particles, the preparation for
counting is often a critical step. Most methods require that sample aliquots be prepared
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as a virtually weightless mount in vacuum chambers at fixed distances from the alpha
detectors. Although electro-deposition onto a stainless steel planchet is the traditional
method for preparing samples for counting, precipitation of the radionuclide of interest
onto the surface of a filter planchet is often used to prepare samples for alpha
spectroscopy. While this technique generally produces a spectrum with lower resolution,
the preparation time is relatively short compared to electro-deposition.

The radionuclides on these planchets are then measured by alpha spectroscopy using
detectors housed in a light-tight vacuum chamber. The alpha detectors consist of high-
resolution ion implanted silicon diodes. Alpha particle emissions that strike the diodes
create voltage pulses proportional to specific energies. Alpha spectroscopy produces a
spectrum of alpha particles detected at different energies and displayed by a histogram of
the number of counts versus the alpha energy. Peaks associated with specific alpha
energies are used to identify the radionuclides, and the activities of the sample are
quantified by the disintegration rates. Because the sample is purified prior to counting,
all of the alpha particles come from radionuclides of a single element simplifying the
process of associating each peak with a specific radionuclide.

Energy levels of alpha particles emitted by radionuclides commonly monitored by our
bureau include Am®*' at a 5485 keV (kilo electron volt) energy level, Pu?® at 5499 keV,
Pu™ at 5155 keV, U™ at 4775 keV, U™ at 4396 keV, and U**® particle emissions at a
4196 keV energy level. Plutonium®™® and plutonium*® emissions are at similar energies
and are indistinguishable using alpha spectroscopy.

Two system calibrations are necessary to characterize the analysis performance. A
source with at least two known alpha energies is counted to correlate the voltage pulses
with alpha energy. A standard source of known activity is analyzed to determine the
system efficiency for detecting alphas. Since the sample and detector are in a vacuum,
most commonly encountered alpha energies will be detected with approximately the
same efficiency

For environmental detection levels, typically below 0.004 Bq/g or 0.1 pCi/g, samples are
counted for 1000 minutes or more. To achieve lower detection limits, laboratories may
count larger sample aliquots for longer periods. In addition to the reported concentration
value, the laboratories must document performance characteristics of the analysis, such as
the analyte and tracer net counts and count time, background counts and background
count time, detector efficiencies, and total uncertainty.

These commercial laboratory methods for alpha spectroscopy meet or exceed the
requirements referenced by DOE/EML 4.5.2.1.
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Beta Emitting Radionuclides (Strontium”)

Commercial laboratories use low-background gas flow proportional counters to count
beta emissions from yttrium’® (Y), the daughter product of Sr”° decay. Although, this
method accurately identifies and quantifies Sr* and Sr*° radionuclides in soil, water, air
filters, and other sample matrices, it does not resolve the individual isotope’s emission
energies. Rigorous separation of the yttrium isotope is required from which the strontium
isotopes can be quantified.

Laboratory sample preparation, dissolution, and purification procedures for beta emitting
radionuclide analysis are similar to that for alpha emitting radionuclides. Heterogeneous
samples are ground, mixed, and sieved to produce a fine-grained homogeneous aliquot.
Two to 10 gram sample aliquots are spiked with a stable strontium carrier, dissolved with
concentrated acids, and then physical and chemical treatments separate and purify the
sample for measurement. Portions of the pre- and post-separation solutes are measured
by inductively coupled plasma - atomic emission spectroscopy, ICP- AES, for non-
radioactive strontium and gas flow proportional beta counts of blank spike samples to
monitor chemical yields of the separation technique.

After dissolution, the sample undergoes a preliminary count that represents the total Sr*
and Sr”° activity plus a small fraction of Y°° that has grown in by radioactive decay. The
strontium sample is allowed to reach secular equilibrium with its Y** progeny, a period of
approximately 14 days. The sample is then purified using a variety of chemical reactions
to remove bulk chemical and radionuclide impurities. The aliquot solute is passed
through an extraction column to separate yttrium from the sample solute. The
radioisotope yttrium is then eluted from the column with diluted acids, evaporated or
fixed onto a stainless steel planchet, and beta counted in a gas-flow proportional counter.
Other examples of purification techniques include liquid-liquid extraction, distillation,
electro-deposition, and filtration through specially prepared filters.

After the purified yttrium is fixed onto a planchet, the sample undergoes a final 3 to 8
hour beta count on a gas flow proportional counter. Beta particle emissions from the Y*°
progeny produce ionization in a gas-filled chamber, generating a small electronic pulse
for each interaction. The pulse height is dependent upon the incident energy of the
particle. The Sr°® concentration is determined from the yttrium activity and the Sr®
conceniration by computing the difference between preliminary and final counts. Data
reduction for beta emitting radionuclides is less complicated than that for photon emitting
radionuclides. Since the beta detectors report total beta activity, the calculation to
determine the concentration for the radionuclide of interest is straightforward. The
counter provides raw counting information to computer and spreadsheet-based analysis
programs, generating results in units of radioactivity per unit sample volume.

These procedures used to measure Sr°° meet the calibration, data collection, and analysis
requirements of EPA method 900.0.
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Photon Emitting Radionuclides (Gamma Spectroscopy)

Commercial laboratories use gamma spectrometry to accurately identify and quantify
multiple gamma-emitting radionuclides in soil, water, air filters, and other sample
matrices. Gamma spectrometry methods, using high-resolution germanium or sodium
iodide detectors, can measure mixed isotopes by counting their gamma emissions or
photons at specific energies. Laboratories use a spectrum, constructed from the rate of
emissions at specific energies, to identify and quantify each analyte

There is no special sample preparation required for gamma spectroscopy measurements
beyond placing a sample in a known geometry around the detector. Efficiency
calibration curves are developed for different geometries since the counting efficiency
depends on the distance from the sample to the detector. Generally, dried, ground
materials, sieved to produce homogeneous samples are used. Large volumes, 500 mL,
are place into Marinelli beakers that fit around the detector and provide exceptional
counting efficiencies. Small volumes can be placed into Petri dishes and placed on top of
a detector for counting.

The samples in these geometries are typically counted for 1000 seconds to 1000 minutes
on instruments using high-resolution germanium or sedium iodide semiconductors.
Germanium detectors have better resolution and can identify radionuclides at lower
concentrations, although sodium iodide semiconductors are more efficient. Gamma
emissions from radionuclides detected by a semiconductor germanium crystal, provides a
small electronic pulse for each gamma interaction that is proportional to the gamma
incident energy. The intensity or count rate /energy spectrum is collected and displayed
on a multi channel analyzer (MCA). Computers, generating results in units of
radioactivity per unit sample volume, subsequently interprets the data collected by the
MCA.

Data reduction is usually the critical step in measuring photon-emitting radionuclides.
There are often several hundred individual gamma ray energies detected within a single
sample. Computer software is usually used to identify the peaks, associate them with the
proper energy, associate the energy with one or more radionuclides, correct for the
efficiency of the detector and the geometry of the sample, and provide results in terms of
concentrations with the associated uncertainty. It is important that the software be either a
well-documented commercial package or thoroughly evaluated and documented before
use. The counts in each peak or energy band, the sample weight, the efficiency
calibration curve, and the isotope’s decay scheme are factored together to give the sample
concentration.

Although several hundred individual gamma ray energies can be detected by gamma
spectroscopy, our bureau is commonly interested in Cs'"". The energy level of gamma
photons emitted by Cs'*” is 661.7 keV. Additional radionuclides and their energy levels
that are measured by gamma spectroscopy include Pb*' (45.6keV), Am**' (59.5keV),
Co™ (1173.2 and 1332.5keV), and K* (1460.8keV).
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This gamma spectroscopy procedure is equivalent or exceeds EPA Procedure 901.1 and
DOE/EML Procedure 4.5.2.3.
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Table B
Analytical Data Tables
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Table 13. 2004 Plutonium 2***** Conversions for Sediment to Water or Water to Sediment wherever an Available
Suspended Sediment Measurement Exists

Pu-239/240
Calculaied in
Date/Time Puw-239/240 Uncartalnty MDA sSsC Water
ECUE (dry) pCi/g {(dry) mgl_l. pCIII:
060 (PU-0.3) 7123/2004 21:52 0.92 .03 1043 5.4
EO0s0 (PU-0 3) 7/23/2004 21:54 5.41 0.98 0.02 1022 5.5
EO0B80 (PU-0 3) 7i23/2004 21°56 53 0.94 0.04 1018 5.4
EO060 (PU-0.3) 7/23/2004 21.58 8.1 1.1 o] 908 5.5
EO060 (PU-0.3) 7/23/2004 22 00 a1 1.1 o] a&8 53
E060 (PU-0.3) TI/23/2004 22 02 58 1.1 o] 827 4.8
EOQ&D (PU-0.3) 7/23/2004 22 07 59 1.3 0.1 748 4.4
E060 (PU-0.3) 7I23/2004 2212 <] 1.1 0.1 837 3.8
EOC60 (PU-0.3) Ti23/2004 22:17 59 1.1 0.1 508 30
EO060 (PU-0.3) TI2772004 18.06 8.4 1.1 Q 2876 24.8
E060 (PU-0.3) Ti27/2004 18.09 7.6 1.3 [+] 3488 28.5
EDE60 (FPU-0.3) T/27/2004 1816 8.1 1.4 o asaz 28.7
E0G0 (PU-0.3) TI27/2004 18:23 89 1.5 (=] 2838 25.3
E060 (PU-0.3) TI27/2004 1830 87 1.5 [s] 2687 234
EODE0 (PU-0.3) TFI277/2004 18:32 -] 1.6 =] 2569 23
E0&0 (PU-0.3) TI27/2004 18:34 a7 1.5 o 2842 23.0
EO&0 (PL-0.3) 7/27/2004 18:39 8.9 1.5 o 2542 226
E060 (PWL-0.23) FI2T2004 18:41 9.1 1.6 o 2626 239
£060 (PU-0.3) 7/27/2004 18.:47 9.6 16 o 2395 23.0
E060 (PU-0.3) 8/18/2004 1856 4.1 0.77 0.02 1264 52
EOB80 (PU-0.3) B8/18/2004 18:59 4.74 0.89 0.07 M3 a0 4.1
F060 (PU-0.3) 8/18/2004 19:.02 575 0.89 0.08 M3 704 4.0
EQ&0 (FPU-0 3) 8/18/2004 19:08 6.5 1.2 0.1 M3 898 4.5
E0S0 (PU-0.3) B/18/2004 189:16 8.6 1.3 0.1 M3 635 4.2
ED&0 (PW-0.3) 8/18/2004 19.26 5186 0.86 0.03 &85 3.4
EO060 {PU-0.3) 8/18/2004 18:38 54 1 0.1 M2 558 3.0
EO&0 (PU-0.3) 8/18/2004 19:55 57 1.1 0.1 M3 47D 2.7
EOQ60 (PU-0.3) 8/18/2004 20:17 -] 1.1 0.1 M3 a42 2.1
EO080 {(PUW-0.3) 8/18/2004 20:44 58 1.1 0.1 M3 279 1.8
EO60 {PUW-0.3) 8/18/2004 21.16 358 0.79 0.1 M3 347 1.2
EO080 {(PU-0.3) 8/19/2004 0:29 a2 1 o3 M3 109 0.350
EOS0 {(PU-0.3) B/19/2004 4:35 209 0.73 0.26 M3 157 0.328
E0&0 (PU-0.3) 8/19/2004 6:17 235 0.86 0.33 M3 105 D 248
E080 (PU-0.3) 8/19/2004 8:39 1.92 o.71 0.32 M3 158 0.304
EOS0 {(PLI-0.3) 8/20/2004 1827 2.689 0.48 0.02 4785 12.9
E060 (PL-0.3) 8/20/2004 18 33 1.28 028 Q.02 5890 7.6
E080 (PU-0.3) DUP 8/20/2004 18 .33 1.1 0.22 .02
EO080 (PU-0.3) 8/20/2004 18 39 0.91 .19 0.01 5439 4.8
EO060 (PU-0.3) 8/20/2004 18:45 0.62 0.14 003 5355 3.3
EOQS0 (PU-0 3) 8/20/2004 18 57 0.316 0.083 0,009 4453 1.4
EO0OBO0 (PU-0.3) DUuP 8/20/2004 18 57 0.319 0.087 0,023
EOQBO (PL-0.3) 8/20/2004 19 08 o 308 0.09 0.012 3205 0.987
£080 (PL-0.3) 8/20/2004 19 26 .54 0.13 0.02 1502 0811
EO0B80 (PU-0.3) B/20/2004 19 48 0.88 0.25 008 M3 588 0 501
E064 (PU-0.3) 8/20/2004 20:15 1.32 0.41 0.21 M3 337 0.445
EOQE0 (FPU-0 3) 8/20/2004 2047 1.66 0.5 0.17 M3 251 0.416
E0S80 (PU-0 3) 8/20/2004 21:24 1.896 0.58 0.23 M3 280 0.500
EO060 (PW-0.3) 8/20/2004 22 0B 2.51 o7 0.19 M3 252 0.633
E0&60 (PU-0.3) 8/20/2004 22 58 2185 .64 Q.09 M3 246 0.520
EO060 (PU-0.3) 8/21/2004 D01 3.15 Q.78 Q.17 M3 285 0834
E060 (PU-0.3) B8/21/2004 2:34 4 1.2 0.3 M3 132 0528
PU-1.7 8/18/2004 14:35 2.88 0.52 0.02 46078 132
PLU-2.4 TI23/2004 1541 5,38 0,93 0.02 79245 424
PU-2.4 7/23/2004 1549 4.11 0.73 0.02 47238 194
PU-2.4 DUP 7/27/2004 15:49 3.33 0.59 0.0z
PU-2.4 T/23/2004 1552 4.49 0.79 0.02 42747 1892
PU-2.4 T7/23/2004 16:00 3.61 0.84 0.01 2354568 128
PLU-2.4 T/23/2004 16:10 3.27 0.58 0.02 32314 108
PL-2.4 T/23/2004 16:22 322 0.58 0.01 27247 asn
PU-2.4 DUP 7/23/2004 1622 3.08 0.56 0.02
PU-2.4 7/23/2004 16:29 203 0.53 0.02 24337 71
PU-2.4 T/23/2004 16:51 3.8 0.66 0.02 18262 87
PU-2.4 7/23/2004 1718 4.05 0.72 0.02 12631 51
PU-2.4 7/27:/12004 1519 37 0.65 0.03 38229 141
PL-2.4 TIZTI2004 15:31 30 0.68 0.01 20483 115
PU-2.4 7/27/2004 15:33 339 0.81 002 30309 103
PU-2.4 7/2TI2004 15:49 334 Q.58 0.02 26306 a8
PU-2.4 FIZTI2004 16:01 3.509 0.64 0.01% 21981 79
PU-2.4 7/27/2004 16:08 359 0.64 0.02 18824 71
PL-2.4 7/27/2004 16:30 4.5 0.7 0.03 12000 54
PLU-2.4 TIZ?/2004 1657 4 95 O 86 0.02 9705 48
PU-3.1 8/18/2004 13:58 6.2 1.1 o] 25128 156
PU-3.1 DUP 8/18/2004 13:56 58 1 Q
PU.1 TI2B/2004 15:12 4.78 083 0.02 75117 ase
PU-4.1 DUP 712372004 15:12 4.63 081 o002
PU-4.1 7/23/2004 15:16 3.56 0.65 .01 32552 116
PuU-4.1 7I27/2004 14.53 a3 0.59 0.01 81128 268
PU-4.1 TI27/2004 14:58 2.48 D.48 0.02 ars1o 24
PU-4.1 72772004 1505 32 0.58 0.0D4 268209 B84
PU-4.1 7/27/2004 1513 2,73 0.5 0.02 22072 [=1n]
PU-4.1 DUP 7/27/2004 1513 2,87 0.49 0.02
PU-4 .1 7272004 1523 3,42 0.61 001 18510 63
PU-4.1 7/27/2004 15 35 3. 89 0.69 0.02 14050 55
PU-4.1 8/18/2004 13368 a7 1.1 o 19358 130
PU-4.1 8/18/2004 13 42 5.58 0.5968 0.03 16885 23
PU-4.1 8/18/2004 13 48 4,63 Q.81 0.0 13281 (=4 ]
PU-g.1 8/18/2004 13 .58 322 0.57 0.03 10891 35
Pu-4.1 8/18/2004 14:08 3.65 0.65 0.02 10367 38
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Abbreviations

UNCERT Propagated uncertainty at two times the standard deviation

MDA Minimum detectable activity

QUAL Qualifier

CS Customer Sample

DUP Duplicate

NA Not Applicable

Qualifiers

Radiochemicals

8] Result is less than the sample specific minimum detection concentration

M3 The requested minimum detection concentration was not met, but the reported activity is greater that the
reported minimum detection concentration

N Spiked sample recovery not within control limits

NC Relative Percent Difference Not Calculated

LT Result is less than the requested minimum detection concentration, greater than sample specific minimum
detection concentration

M The requested minimum detection concentration was not met

Y2 Chemical Yield outside default limits

Tl Nuclide identification is tentative

D The result for this analyte was reporied from a dilution

Y1 Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

Metals

H The required extraction or analysis holding time for this result was exceeded

D The result for this analyte was reported from a dilution

E The reported value is estimated because of the presence of interference.

N Spiked sample recovery not within control limits

*

Duplicate analysis (relative percent difference) not within control limits
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Table C-1. Storm-Event-Based Relationship Statistics

Date N Dagrees  Feak Flow Pu Gonc P values Ful Flow SSC P values Sed/ Fiow
of {=23] Poarson values lass than Slope Pearson values lass than Slope
Freedom Producl 005 equal coafficent Product 0.05 equal coeflicient
(N-2) Moment significant Moment significant
Correlalion comalation Correlation comalation
an2/2003 4 2 60 " a@17 0080 0.486 0979 0.021 132
B/22/2003 3 1 90 0.985 0.110 0.033 (=) 162
9162003 3 1 24] 0.921 0.250 0.578 0997 0.045 167
TRUN2004 ] 4 21 0.955 0.003 0.282 0.946 0.004 50
7272008 7 5 262 =) NA 0,106 (8] NA 123
B/18/2004 14 12 21 0.965 0.0001 0.256 0,920 0.0001 49
B/20/2004 13 " 40 0.814 £.00% 0.203 0.954 0.0001 184
B/24/2005 4 2 85 4.850 0.050 0.803 0.621 0369 389
BN 22005 4 2 18 (=) NA 0178 0.686 0304 m
B/24/2005 3 1 16 0.7 0.440 0.955 04928 0.224 519
B/25/2005 2 " 0.999 NA 0.995 0.980 NA 404
B/12/2005 1 # NA 0241 NA 212
BN2005 4 2 7 0.783 0.207 0.342 0.844 0.158 247
BI2212005 2 5 0.998 NA 2074 0.998 NA 17689
82412005 4 2 27 0.989 0.011 0.520 0.856 0,004 n
812/2005 1 75 NA 0.0m NA 112
BI24/2005 3 1 138 0.988 0.099 0076 0.993 0.080 79
T126/2006 2 2 NA 0.010 0.920 NA 2126
8572006 2 1 NA 4.114 KA 500
8/8/2006 2 1930 0.953 NA 0.657 0970 NA 64
8/25/2006 3 1 102 1.000 0,028 1999 0.7867 0.444 178
71872008 k] 1 n 0819 0,288 0074 0.627 0.56% 215
7712006 K] 1 10 =) NA 0020 0.888 0.304 4099
8/6/2008 k| ] 49 0.883 0.1 0.044 (O] NA 102
8/8/2008 & 4 1642 0985 0.0003 0.248 0992 0.0001 41
8/19/2006 1 12 NA 1415 NA 5000
8/25/2006 3 1 89 0827 0.245 1.296 0.953 0.19% a7a
8172006 1 16 NA 0.217 NA 178
87772006 1 24 NA 0.216 NA 286
8/8/2006 1 252 NA 0077 NA 40
252006 3 1 45 0.938 0.225 0.029 {-) NA 857
82572006 2 70 0,924 NA 0.219 0893 NA 162
2007 § 3 4 0.634 0251 1.966 0733 0185 14187
62007 1 5 NA 0.238 NA 2380
82072007 2 17 0.598 NA 0.415 NA 458
81/2007 3 1 3 0.988 0.09% 421 0983 0118 1822
2007 3 1 30 0.928 0.243 0.286 0.998 0.040 330
142007 3 1 1 0.822 0.386 0.198 0680 0.524 §313
726/,2007 4 2 21 0.978 0.022 0035 0878 0.021 718
/42007 5 3 1 0773 0.125 0.106 0887 0.0002 2205
9/1/2007 5 3 4 0984 0.002 0.046 0.994 0.001 1543
712212008 1 69 NA 0112 NA 1436
7/4:2008 5 3 2 {) NA 120.300 {=} NA 93z
8/9/2008 5 3 5 0995 0.0004 10252 0.972 0,008 601
8272008 3 1 3 0.9485 0.001 2.892 NA 1333

|Not apphicable due to O degrees of fregdom or negalive correlabon
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Appendix D
Hydrographs

The following hydrographs reflect discharge at E060, E050, and E110 from 2003 to
2008. Each chart presents a hydrograph for a three month period and uses a consistent 20
cfs vertical axis. For example, the first row of two charts demonstrates flow during
January to June of 2003 at E060. The second set are for EQ50 and the third set are for
E110 during the same time period. The July through December series is demonstrated in
the following three sets of hydrographs and the sequence progresses for the following
years. Some observations are made for clarity, but the hydrographs are presented
primarily for the readers review.
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Max annual flows 2008
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E£055 annual max 1/28/08

E110 annuat max 7/22/08

E050 annual max 2/04/08

E038 annual mas 172008
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