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Response to Request for Supplemental information for
Work Plan for Mortandad Canyon, Los Alamos National Laboratory, NM
(0890010515)

INTRODUCTION

To facilitate review of this response, the New Mexico Environment Department's (NMED's) comments are
included verbatim. The comments are divided into general and specific categories as presented in the
letter. Los Alamos National Laboratory's (LANL's) responses follow each NMED comment.

GENERAL COMMENTS

NMED Comment

1. APMP has concems that the number and location of the proposed wells may be inadequate to
discern the lateral and vertical extent of saturation in the alluvial, intermediate, and regional aquifers.
For example, based on discussions with staff from LANL and the DOE-Oversight Bureau, RPMP
recommends installation of an additional alluvial well and consider the placement of a well to the Cerro
Toledo, in Tensight Canyon, to address potential impacts to the subsurface from historic TA-35
releases. In addition, the current and proposed gaging stations may not be adequately located to
determine water balance and other recharge issues.

LANL Response

1. Two wells penetrating the Cerro Toledo interval in the Ten Site Canyon area are proposed in the work
plan. These wells are TSCO-6A in lower Ten Site Canyon and R-14 on the mesa top north of Ten Site
Canyon. In addition to existing borehole 35-2028, these wells should provide adequate
characterization of potential groundwater occurrences in the Cerro Toledo interval. Movement of R-14
to the floor on Ten Site Canyon can be discussed at a future NMED/GIT meeting, if necessary.
Regarding the adequacy of gaging stations, see the response to comment 19.

Action in Document

1. None

NMED Comment

2. LANL should identify the specific wells to be sampled, provide sampling protocols, and provide the
rationale for the approach and strategy to sampling. For example, see § 7.1 Introduction, page 7-3,
Table 7.1-2, Initial Estimates of Sample Collection and Analyses. LANL should note that many of the
wells installed in the Mortandad Canyon Watershed and used for environmental surveillance were not
installed and completed according to RCRA guidance. The wells not installed and constructed
following RCRA guidance should be evaluated and replaced/reconditioned to meet RCRA guidance

criteria.

LANL Response

2. This work plan commits to sample only the eight new alluvial wells, two new Bandelier Tuff wells, and
three new regional aquifer wells. Specific wells to be sampled, their sampling frequency, and analytical
suites are identified (see Tables 7.3.3-1, 7.3.3-2, 7.3.4-1, and 7.3.4-2). All of the new wells proposed
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LANL Response

4. Discrete groundwater zones will be sealed by placement of bentonite seals at the bottom of the
casing string landed within the perching layers. The bentonite grout will be injected into the annular
space around the bottom of the casing using a mechanical grout injection system. A smaller-diameter
casing will be tripped inside the sealed casing string to advance the borehole. Water levels will be
monitored inside the borehole to ensure that the bentonite seals perform as planned.

Action in Document

4. The text in the LANL response to comment 4 will be added to Section 7.3.4.1.5.

NMED Comment

5. Before LANL limits analytical suites, sample numbers, the scope of work, etc., LANL must provide
rationale to RPMP and acquire prior approval before limiting the suite of analytes, sample number,
elc..

LANL Response

5. LANL will provide the rationale to NMED before limiting the analytical suite and sampling stations.
Action in Document

5. LANL will add language to Sections 7.1, Introduction; 7.2, Sediment Sampling and Analysis Plan; and
7.3, Surface Water and Groundwater Sampling and Analysis Plan, stating that LANL will work closely
with NMED to finalize sampling locations and analytical suites.

NMED Comment

6. LANL should include a section concerning investigation derived waste (IDW) characterization and
disposal.

LANL Response

6. The characterization and disposal of investigation derived waste (IDW) is done on a fieldwork-specific
basis and follows the ER Project Consistency Team policy, Memorandum PCT-985-025, “Management
of Investigation Derived Waste” (Environmental Restoration Project 1995, 51962). In addition, before
performing specific fieldwork that generates waste, a Waste Characterization Strategy Form is
completed and submitted to LANL'’s Solid Waste Operations Group (EM-SWO) for approval. This form
describes the specific activity that generates the waste, acceptable knowledge, waste description,
waste characterization, and waste disposal strategy.

Action in Document

6. The LANL response to comment 6 will be added to the work plan as a section following Section
7.5.3.3.
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NMED Comment

7 LANL should review effluent discharge and precipitation amounts (1951-current) and compare to
groundwater levels, sediment, soil, surface and groundwater concentrations to better understand the

hydrogeologic system response to effluent releases, precipitation, etc..
LANL Response

7. These activities are planned as part of the modeling efforts described in Section 7.3.4.4. Clarification
will be added to Section 7.3.4.4 to better describe these activities.

Action in Document

7. LANL will add the following text after the first sentence, second paragraph of Section 7.3.4.4, p.
7-100:

“More specifically, the response of the hydrogeologic system to the hydrologic cycle and effluent
releases will be addressed in at least two phases. The first phase will consist of a water-balance study
that will include records of historical discharges and precipitation. The second phase will be simulation
of the system by a groundwater flow and transport code, such as Finite Element Heat and Mass
(FEHM). This may be followed by a third phase, in which results of this process modeling will be
checked by comparing them with those of an integrated, probabilistic, mass-transfer-simulation code,
such as Repository Integration Program (RIP).

NMED Comment

8. Risk assessments need to consider future impacts to receptors (e.g., contaminant migration to
municipal production wells, land transfers to the county or pueblo, etc. ) as well as present-day

scenarios.
LANL Response

8. LANL agrees that the risk assessments for the Canyons should include all relevant exposure
pathways. However, the screening-level risk assessments may not consider water-related exposure
pathways based on availability of water data. For example, sediment sample collection and analysis
may be complete before a representative sampling of groundwater is complete. A screening-level risk
assessment of the sediment sample data for current land use and for selective pathways would be
justified and would be intended to provide information on the imminent risk associated with potential
exposure to this media. Thus, LANL will clarify the pathways included in screening-level and baseline
risk assessments associated with Canyons investigations.

Action in Document

8. LANL will add the words “present day” before each mention of human health and ecological risk in the
Executive Summary. In the second paragraph on p. ES-3, LANL will mention the strategy of
producing media-based or multiple media reports that address current day risk (for reasonable current
day scenarios) and indicate that subsequent reports will consider potential future use scenarios and
discuss the potential impacts of future contaminant transport.
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NMED Comment

9. LANL should replace all terminology of “Background Screening Value” with “Background Value” as
this is the RPMP-LANL accepted terminology. For example, see § 3.4.4.2.1, Table 3.4.4-5, pages 3-
49 and 3-50.

LANL Response
9. LANL agrees with NMED's statement regarding nomenclature for "background screening values.”
Action in Document

9. LANL will replace this terminology with "background value" in appropriate sections of the Mortandad
Canyon Work Plan.

NMED Comment

10. In light of the recent findings (HE detections) at R-25 (suggesting an interconnection between
surface water or alluvial groundwater with the regional aquifer) LANL and DOE should reconsider
exposure pathways and data quality objectives/requirements to ensure that data needs are met for

this work plan.
LANL Response

10. The conceptual model for the Mortandad Canyon system shall be continuously revised to incorporate
new data and information obtained from the regional aquifer (R) characterization wells. If evaluation of
the conceptual model requires modification of the proposed sampling, NMED approval of the
changes will be sought prior to implementation of the changes.

Action in Document

10. The following sentence will be added to the end of Section 4.2.2, Groundwater Transport and
Resultant Exposures: “Updates to the conceptual model are documented in the Annual
Hydrogeologic Workplan Reports.”

NMED Comment

11. LANL should clarify that lithologies, staining, moisture, etc. will be targeted for sampling when drilling,
where possible, instead of discrete intervals

LANL Response

11. LANL agrees with this comment and will modify the work plan as described below.

Action in Document

11. Another bullet will be added to Section 7.3.4.2.5 stating that “Samples of core and cuttings will be
selected for geochemical analysis based on the changes in lithology, alteration features, moisture

content, and field screening resuits. Samples will be collected from representative lithologies
identified in the drill log (ER SOP-4.04) at regular intervals in the absence of other criteria for sample
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selection. Field logging, handling, and documentation of borehole materials will be performed in
accordance with LANL ER SOP-12.01.”

SPECIFIC COMMENTS

NMED Comment

12. § 2.4.6 Technical Area 50, Table 2.4.6-1, page 2-20
Please indicate the reasons for unknown gross alpha/beta, cesium-137 and strontium-89/90 values in
the table. These constituents were part of the routine reporting prior to the unknown values and were
undoubtedly released during the unknown time frames and should be included in the table.

LANL Response

12. LANL and SAIC personnel conducted an archival search on radiochemical and chemical data
associated with TA-50 discharges during preparation of the Mortandad Canyon Work Plan. Before
1973, liquid radioactive (actinide-fission product) waste was treated at TA-21. TA-55 became
operational in 1973 and started processing plutonium for the Laboratory (p. 2-25 of the Mortandad
Canyon Work Plan). Accordingly, some of the data for Am-241 and Cs-137 are not reported for TA-50
prior to 1973 (Table 2.4.6-1). Nonetheless, the data on hand is adequate to form a reasonable
conceptual model for contaminant releases and to design a sampling and analysis plan.

Action in Document

12. A footnote will be added to Table 2.4.6-1, p. 2-20, summarizing the response given above. Also, the
source cited in the footnote at the bottom of Table 2.4.6-1 will be corrected to read “LANL 1992,
7672.

NMED Comment

13. § 3.3.4 Data Requirements, page 3-15
In order to resolve uncertainties in the conceptual model, the distribution of contaminants (extent)
within the Mortandad hydrogeologic system is required. The work plan should address the nature,
rate and extent of any contamination present. LANL should include “distribution of contamination” as
a data requirement.

LANL Response

13. LANL agrees that distribution of contaminants should be identified as a data requirement in Section
3.3.4.

The sampling and analysis plans for sediments, surface water, and groundwater are designed to
provide information to help define the nature and extent of contaminants in Mortandad Canyon.
Chemical results obtained from sampling sediments, core material, and characterization wells will be
used to quantify the nature and extent of contaminants in surface and subsurface environments.
Hydrologic data and information also will contribute to understanding the nature and extent of
contaminants within the Mortandad canyon system.
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Action in Document

13. Nature and extent of contaminant distributions will be added to the Data Requirements on pp. 3-15
and 3-16, Section 3.3.4.

NMED Comment

14. § 3.4.4.2.1 Active Channels, Figure 3.4.4-3, page 3-22
Please include in Figure 3.4.4-3 the physical measurements (e.g., 0.5-1 mm, 1-2 mm, etc.) for the
size-fraction of Granules, V. Coarse, Coarse, etc.

LANL Response
14. The figure in Section 3.4.4.2.1 will be modified to include the particle sizes for each class:

granules (2.36-3.96 mm); V. coarse sand (1.17-2.36 mm); coarse sand (0.589-1.17 mm); medium
sand (0.295-0.589 mm); fine sand (0.147-0.295 mm); V. fine sand (0.074-0.147 mm); silt and clay
(<0.074 mm)

Action in Document
14. LANL will replace original figure in Section 3.4.4.2.1, p. 3-22, with revised figure.
NMED Comment

15. § 3.4.4.2.1 Active Channels, Published Does Estimates for Exposure to Sediments, page 3-34
“Because water in the canyon is not used for drinking, irrigation, cattle grazing, or gardens, the
drinking water, meat ingestion, and fruit and vegetable ingestion pathways are not considered”

The water in the canyon may not directly be used for drinking, irrigation, cattle grazing, or gardens;
however, Native Americans harvest plants, wildlife, material for pottery, etc., therefore ground water
and surface water should be considered as exposure pathways. In addition, the current land-use
scenario may not include irrigation, cattle grazing or gardening but future scenarios (e.g., land
transfers) can not preclude these uses for the water found in Mortandad Canyon.

LANL Response

15. The text in question discusses a previously published report on the potential risks associated with
exposure to contaminated media in Mortandad Canyon. This statement does not reflect which
exposure pathways LANL plans to consider for assessments of current day or future risk scenarios.
For discussion of exposure pathways, we refer the reader to Chapter 6 of the Canyons Core
Document (LANL 1997, 55622). In general, LANL will address ingestion of surface water and alluvial
groundwater where appropriate under criteria being developed by the LANL ER Project.

Action in Document

15. LANL will remove the words “Because water in the canyon is not used for drinking,” from the last
sentence of paragraph 3 on p. 3-34.
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NMED Comment

16. § 3.5.3.3 Borehole MCC-8.2, page 3-66
“Activities of %' Am greater than 0.001 pCi/g are observed from the surface to a depth of about 165 ft
(50.3 m) within the Otowi Member, but activities are very low and are within background fallout values.”

Please clarify if fallout values of *' Am would be expected at a depth of 165 feet or if the text should
read “below detection limits” instead of “within background fallout values.”

LANL Response
16. LANL agrees that the text should be clarified. The text will be revised as stated below.
Action in Document

16. The sentence will be revised to read “Americium-241 activities range from nondetection to 0.6 pCi/g
in samples collected from the surface to a depth of about 165 ft (50.3 m) within the Otowi Member

(Stoker et al., 1991, 7530).”
NMED Comment

17. § 3.7.2.3 Recent Alluvial Groundwater Level Observations, page 3-96
“Historically, groundwater has not been found in the alluvium east of the MCQO-8.2 area.”

The second paragraph of this section indicates that historically no ground water has been observed
east of MC0-8.2. According to Appendix D, Table D-5 (page D-33), indicates water was recorded in
MCO-13 by DOE-OB staff in 1996 and 1997. Please clarify the discrepancy

LANL Response
17. LANL agrees with this comment and will modify the work plan.
Action in Document

17. The sentence will be modified as follows: “Historically, MCO-13 has been dry. However, NMED DOE
OB detected groundwater in this well in both 1996 and 1997 (Table D-5).”

NMED Comment
18. § 3.7.4 Regional Aquifer, page 3-118, third paragraph
“The routine sampling and analyses of TW-8 in 1994...”

This paragraph indicates that an “anomalous” activity of 0.188 pCi/l ****°Pu obtained 1994 from TW-8
was not consistent with the previous years sampling. Please indicate if sampling of TW-8 occurred at a
similar time during both years, whether amounts of precipitation, runoff, effluent discharge, purge
time/volumes were similar, pump location relative to the top of the regional aquifer, etc. were
consistent. Although, the “anomalous” Pu activity measured in TW-8 may not represent the
conditions at the regional aquifer, evidence presented does not preclude pulses of contamination
migrating through the groundwater system following high precipitation events, large volumes of
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discharge, runoff, etc.. Also, if leakage around the annulus of TW-8 was the source for the tritium in
the regional aquifer, it seems the detection of tritium and other radiological contaminants would be
more consistent from year-to-year as the effluent discharge from TA-50 is somewhat consistent.

LANL Response

18. LANL is considering multiple working hypotheses to account for the observations of contaminants in
TW-8. The discussion on p. 3-118 considers the possibility that some contaminants detections in the
past may be the result of annular leakage at TW-8. However, recharge of the regional aquifer by
shailow groundwaters systems is not ruled out. The regional well installed as part of the
implementation of the work plan should resolve this issue. In response to specific items in the
comment above, the date of sampling of TW-8 varies each year, depending on the sampling
schedule. LANL agrees that analytical results are influenced by a number of factors, including
sampling techniques, well discharge rates, well-water purge time, turbidity of the groundwater sample
(nonfiltered water samples for the Environmental Surveillance Program are analyzed for radionuclides
and metals), pump location, and analytical methods.

The annual precipitation at Los Alamos for 1994 was 20.08 inches and for 1995 was 17.92 inches; the
variations probably did affect short-term distributions of Pu-239 and -240 in TW-8. However, amounts
of daily precipitation can vary, especially in June through August, due to the frequency and intensity
of thunder storm events. According to Table 2.4.6-1, p. 2-20, in the Mortandad Canyon Work Plan,
TA-50 effluent discharges for 1994 and 1995 were 20,841,691 and 17,600,000 liters, respectively.
Volumes of effluent discharged from TA-50 generally decrease over the years (Table 2.4.6-1).

LANL agrees that steady-state leakage down the well annulus of TW-8 should produce relatively
consistent concentrations of tritium and other contaminants.

Action in Document

18. A statement will be added to the end of the discussion on p. 3-118 to state that Multiple hypotheses
are being considered to account for the contaminants periodically detected by the Environmental
Surveillance Program in TW-8. These hypotheses include leakage of contaminants down the annulus
of TW-8 and recharge of the regional aquifer by shallow groundwater. Installation of regional wells as
outlined in Chapter 7 should resolve these issues.

NMED Comment

19. § 3.8 Geochemistry of Surface Water and Groundwater in Mortandad Canyon, page 3-120, third
paragraph in section

“GS-2 was operated for brief periods only, and gaging stations installed in 1995 and 1996 in lower
Mortandad Canyon have not recorded flows as of May 1997, see section 3.6)”

During a site visit, the gaging station E202 (mislabeled as E222 on Plate) appears to be routinely by
passed by surface water flow, as evidenced by significant head cutting into the northern side of the
channel, within 10 meters of the gaging station and therefore is not likely to have recorded any flow
since installation. RPMP will require that LANL inspect all current gaging stations in order to determine
effectiveness and to assess the need for relocating the current gaging stations.
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LANL Response

19. Surface-water sampling and analysis are proposed only for GS-1 and GS-1.3 (Section 7.3.4.1.1, p. 7-
67); thus the adequacy of other gages is not pertinent to this work plan. Use of stream gaging stations
only in the upper part of Mortandad Canyon is appropriate because surface flow occurs only in that
part of the canyon, except for low-frequency, large-volume stream events. The surveillance group
monitors other stream gages in the canyon, and results from these stations will be incorporated into
our investigations as appropriate.

NMED comments concerning conditions at the cited gaging have been forwarded to ESH-18 for their
information.

Action in Document

19. None
NMED Comment

20. § 3.8.7 Data Requirements for Understanding the Geochemistry of Surface Water and Groundwater,
page 3-139 and 3-140 '
Bullets 1, 2 and 3 should state “will” instead of “should” or “is needed” when discussing the data
requirements for sample collection, sorption experiments, and geochemical modeling. This is a work
plan, not a proposal. In addition, LANL should add determination of hydraulic properties of weathered
tuff (page 3-110, last paragraph) as well as other activities that are required to adequately understand
the hydrogeologic system.

LANL Response

20. In Bullet 1 in Section 3.8.7, the word “should” will be reptaced with “will.” In Bullet 2 in Section 3.8.7,
the sentence will be modified to read “. . . will be preformed, as needed to support modeling, on
different aquifer material. . . .” In Bullet 3 in Section 3.8.7, the words “is needed” will be replaced with
“will be performed.” Data needs for hydraulic data are identified in Section 3.7.5 on p. 3-119. A list of
proposed hydraulic tests is given in Table 7.3.4-15 on p. 7-100. Although not specifically identified,
weathered Bandelier Tuff is one of many lithologies that will be considered for testing if appropriate
core samples can be obtained.

Action in Document
20. Bullets 1, 2, and 3 on pp. 3-139 and 3-140 will be modified as described above.
NMED Comment

21. § 4.1.1 Purpose, Page 4-1, 4th paragraph
“The conceptual model description helps define the investigations (including field measurement
activities) and the interpretation and analysis of both new and existing data that are needed to refine

risk assessments”.

Because HRMB/NMED is unaware of any risk assessment being completed for the canyon setting,
LANL should consider revising this statement to read: “The conceptual model description helps
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define the investigations (including field measurement activities) as well as the interpretation and
analysis of both new and existing data that are needed to perform risk assessments”,

LANL Response

21. LANL agrees with NMED's comment regarding the conceptual model for the Mortandad Canyon
system.

Action in Document

21. The sentence in Section 4.1.1, Purpose, of the Mortandad Canyon Work Plan will be revised to read
as follows:

"The conceptual model description helps define the investigations (including field measurement
activities) as well as the interpretation and analysis of both new and existing data that are needed to
perform risk assessments."

NMED Comment
22. § 4.1.1 Relationship of the Conceptual Model to Impact Assessment, Page 4-2, 1st paragraph

“The exposure pathways are part of the human health risk assessment model and ecological risk
assessment model described in Chapter 6 of the core document (LANL 1997, 55622)".

The cited document does not contain any methodology to evaluate ecological risks. Thus, LANL
should revise the work plan to include either the correct reference or the proposed approach to

evaluate ecological risks.
LANL Response

22. LANL agrees with this comment and will revise the text to clarify what is contained in the Canyons Core
Document.

Action in Document

22. LANL will remove the words “and ecological risk assessment model” from the cited sentence and add
the following text after the cited sentence: “Exposure pathways to ecological receptors are based on
current LANL-specific guidance on screening-level ecological risk assessments .”

NMED Comment
23. § 4.1.1 Relationship of the Conceptual Model to Impact Assessment, Page 4-2, 3rd paragraph

This paragraph identifies the potential human exposure scenarios for the Mortandad Canyon. The
exposure scenarios listed here differ from those presented in Chapter 6 of the core document.
Please provide the rationale for these differences.
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LANL Response

23. Chapter 6 of the Core Document for Canyons Investigations (“the core document”) (LANL 1997,
55622) proposes risk assessments that include sediments, surface water, groundwater, and air
particulates. These media were proposed to be evaluated in nine exposure scenarios over three land
uses. The continued Laboratory land use includes a construction worker scenario and an on-site
worker scenario. The recreational land use has both a trail user scenario and a camper scenario. The
American Indian land use consists of scenarios for residential use, ranching, hunting, traditional uses,
and use of the Rio Grande and Cochiti Lake.

The assessment proposed for this phase of the Mortandad Canyon investigation uses scenarios for a
trail user, a resource user (incorporating aspects of a ranching or hunting scenario), a construction
worker, and a resident. These scenarios are considered to be inclusive of realistic present-day
potential exposure activities in lower Los Alamos Canyon. The bases of primary and secondary
exposures are the concentrations of contaminants in sediments.

Development of an American Indian land use scenario is proposed in the core document. The intent
of that land use scenario is to uniquely define the parameters of exposure pathways that reflect the
activities of the local American Indian populations. However, the American Indian scenario is not
sufficiently developed to be applied at this time. An approximation of the American Indian scenario can
be achieved by combining the results for the residential scenario with the resource user scenario.

Approaching risk characterization in this manner supports site management decisions about present-
day potential risks and the possible need for remediation of sediments. This is a deterministic
approach that uses the contaminant concentration data to make individual contaminant assessments.
Where contaminants are collocated, integrated potential exposures will be estimated. Performing
stochastic uncertainty and sensitivity analyses is deferred to later reports when sufficient data are
available to evaluate the surface water and groundwater exposure pathways.

Action in Document

23. This text will be modified to agree with the information presented in the reach reports.

NMED Comment

24. § 4.1.1 Relationship of the Conceptual Model to Impact Assessment, Page 4-2, 3rd paragraph, 5th

and 6th bullets
“The potential human exposure scenarios for the Mortandad Canyon system include the following:

...habitation by the local biological community, which considers whether complete exposure pathways
exist: and use of the Rio Grande, including integrity of the biological community.”

These two bullets do not appear to be directly attributed to human exposure scenatios but they are
relevant to ecological receptor exposure. LANL should review and revise these two bullets for their

relevancy to human exposure scenarios.
LANL Response

24. This text will be deleted because it is not relevant to human exposure pathways.
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Action in Document

24 . Bullets 5 and 6 on p. 4-2 will be deleted.
NMED Comment
25. § 4.1.3 Development of the Mortandad Canyon Conceptual Model, Page 4-3, Figure 4.1.3-1

Figure 4.1.3-1 shows the elements of the Mortandad Canyon system conceptual model. This model
identifies, people, animals, and plants as receptors potentially affected by contaminated media but it
does not predict exposure pathways to those receptors. For clarity and to better understand any
relationship between contaminated media and potential exposure of those receptors, it would be
helpful to construct an additional (complementary) model diagram or diagrams presenting
contaminated media, contaminant release and transport mechanisms, and exposure
scenarios/pathways to both human and ecological receptors.

LANL should develop the Mortandad Canyon conceptual model and its diagram(s) to include the
relationships between contaminated media, contaminant release and transport mechanisms, and
exposure scenarios and pathways to both human and ecological receptors. Also, LANL should
provide the rationale for addressing or not addressing those components of the model during the
Mortandad Canyon investigations.

LANL Response

25. LANL agrees that this work plan does not directly provide a diagram that shows exposure pathways to
human and ecological receptors. However, such a diagram was included by reference to Chapter 6 of
the Canyons Core Document (LANL 1997, 55622). As this conceptual exposure diagram represents
a critical part of the data assessment and evaluation strategy, LANL will include such a diagram directly
in Chapter 4 of this work plan. We will also clarify the exposure pathways evaluated in current day
exposure scenarios and those that will be evaluated with certain future use scenarios.

Action in Document

25. LANL will add one new diagram, based on Figure 6-2 of the Canyons Core Document, that clearly
shows the exposure pathways.

NMED Comment

26. § 4.1.3 Development of the Mortandad Canyon Conceptual Model, Page 4-3, Figure 4.1.3-1
Figure 4.1.3-1 illustrates airborne resuspension as a mechanism of contaminant transport from
sources such as “worldwide fallout, stack emission and deposition, and “active channel sediments”.
However, other and potentially critical contaminant sources such as contaminated soils on mesa
tops and the canyon slopes have been left out of the canyon investigation and are not considered to

affect airborne resuspension.

LANL should review and revise the current Mortandad Canyon conceptual model and its diagram to
include contaminated soils on mesa tops and the canyon slopes as critical sources for the airborne
resuspension transport mechanism.

Response to RSI| on 13 EM/ER:99-024
Mortandad Canyon Work Plan August 31, 1999



iyt o

LANL Response

26. Figure 4.1.3-1, p. 4-3, will be revised to indicate the possibility of direct airborne resuspension of
contaminated soils at PRSs.

ltem L1 in Table 4.2-1, p. 4-11, will be revised to read "Entrainment is limited to contaminants in
surface sediments in the canyons and surface soils at PRSs."

ltem L3 in Table 4.2-1, p. 4-11, will be revised to read "Entrainment, dispersal, and deposition are
affected by sediment and soil properties, surface roughness, vegetative cover, and terrain."

The second sentence in the first paragraph of Section 4.2.4, p. 4-17, will be revised to read
"Resuspension of sediment and soils by wind is considered to be one of the predominant pathways
for radiological exposure to humans because dust can be easily lifted high enough to be inhaled by
humans (see Chapter 6 of the core document [LANL 1997, 55622] for a discussion of exposure
pathways and scenarios)."

Action in Document

26. LANL will make the revisions as indicated in the response.
NMED Comment

27. § 4.2 Contaminant Transport Conceptual Model, Page 4-4, second paragraph
This paragraph implies that the major elements of the conceptual model are: surface water and
sediment transport, ground water transport, biological/food chain transport, and atmospheric
transport. Although soil transport has not been listed here, Table 4.2-1 (pages 4-5 through 4-11)
discusses the erosion and transport of soil and sediments as a part of surface water and sediment
transport. It is recommended that LANL should consider soil erosion and transport from mesa tops
and down the canyon slopes as one of the major contaminant transport mechanism or pathways for
the canyon system. LANL should revise the conceptual model to include soil transport from mesa
tops and the canyon slopes as the mechanism for contaminants transport in the Mortandad Canyon.

LANL Response

27. The phrase “soil transport" was not used here because once soil particles have been eroded and
transported by surface water, they are considered to be "sediments" in the context of this work plan.
To clarify the distinction between soils and sediments and the role of eroded soils in the conceptual
model, the following sentence will be added to the first paragraph of Section 4.2.1, p. 4-4, after the
sixth sentence. "Some contaminants that are associated with soil particles at PRSs may also be
eroded by surface water and subsequently transported as sediments.”

Action in Document

27. LANL will add the sentence as indicated in the response.

NMED Comment

28. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-4, 4th paragraph
“Sequential precipitation runoff and other surface flow events have transported a small portion of
these contaminants off-site (see Section 3.4).”
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This statement is rather a speculation than defensible technical documentation. LANL should provide -
numerical values (and their ranges, if applicable) in support of statements such as “a small portion” (or
e.g., “low levels” on page 4-10, element G7) to allow readers for their own interpretation and,

therefore, reducing or eliminating subjectivity of the evidence.

LANL Response

28. LANL agrees with this comment.
Action in Document

28. The sentence will be revised to read "Available data indicate that sequential precipitation runoff and
other surface flow events have transported some contaminants off-site, although concentrations in
sampled off-site sediments are extremely low (10°** Ci/g) (Gallaher et al. 1997, 59165)."

NMED Comment

29. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-5, Table 4.2-1

Table 4.2-1 identifies and discusses elements of the conceptual model for Mortandad Canyon.
Element B in this table, erosion and transport of soils and sediments, discusses sediment traps as the
transport medium for contaminants downstream in Mortandad Canyon. However, there is no mention
about the sediment traps acting as a secondary source term, promoting percolation and infiltration of
contaminants into the underlying ground water system in the canyon.

This work plan should include the approach to evaluate performance of sediment traps in the canyon
system, intended to reduce the rate of contaminant transport downstream and off-site, as well as their

impact on quality of the underlying ground water.
LANL Response

29. LANL agrees to identify in Table 4.2-1 the sediment traps as a potential secondary source of
contamination. The sediment characterization associated with downstream areas (Chapter 7) will
provide information about the effectiveness of the sediment traps to reduce the rate of contaminant

transport downstream and off-site.
Action in Document

29. LANL will add the following sentence to Concepts/Hypotheses, B-4: "The sediment traps contain
ponded water during some storm run-off events, which may provide a source of recharge to alluvial

groundwater."
NMED Comment

30. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-10, element I1,
Table 4.2-1

Element I1 states that an animal can ingest contaminants by consuming water from the active channel
or from water ponded for limited periods at locations such as the sediment traps. Other sources or
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points of animal exposure to contaminants, which are not mentioned here, are contaminated springs
and seeps. LANL should include springs and seeps, if they are present in the canyon system, as the
potential sources/points of exposure.

LANL Response

30. LANL is not aware of any springs or seeps within Mortandad Canyon that may provide potential
sources/points of exposure. In the future, if springs or seeps are identified in the Mortandad Canyon
system, these exposure pathways will be considered in the risk assessments.

Action in Document

30. None

NMED Comment

31. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-11, element 17,
Table 4.2-1
“Behavior can decrease the degree of exposure to environmental contaminants because food or
water might not be obtained from a single site or behavior might cause wildlife to be exposed to
multiple, antagonistic contaminants.”

The concept of multiple contaminants interactions is incomplete as discussed here. Antagonism is
only one of many types of possible interactions between contaminants in which people and other
animals are exposed. Therefore, other types of interactions such as synergistic, additive, or
potentiation must also be acknowledged. LANL should review and revise this statement to read.
“Behavior can decrease the degree of exposure to environmental contaminants because food or
water might not be obtained from a single site or behavior might cause wildlife to be exposed to
multiple contaminants and these exposures might result in antagonistic, synergistic, additive or other
interactions between contaminants.” Also, please provide a few examples.

LANL Response

31. LANL agrees with adding “synergistic or other” to the list of potential effects of multiple contaminants
on animal behavior. LANL is attaching examples from primary toxicological literature to this response.

Action in Document

31. LANL will make the revisions as indicated in the response and has provided Axelsen et al., 1997;
Logan and Wilson, 1995; and Thompson, 1996 as examples. (abstracts are included in the
attachment at the end of this document).

NMED Comment

32. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-11, element K2,
Table 4.2-1

“Disturbance of the soil surface by vertebrates also affects the rates of erosion processes.”
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Vertebrates have the ability to disturb both surface and subsurface soils. Also trees’ and shrubs’ root
systems have the ability to penetrate into the deep subsurface disturbing the integrity of consolidated
material and this action may bring contaminant to the surface. LANL should revise this
concept/hypothesis to include the ability of vertebrates to disturb integrity of subsurface soils that
might promote erosion.

LANL Response
32. LANL concurs with this suggested change.
Action in Document

32. The text for K2 will be modified to read “Disturbance of the soil surface and near subsurface by
vertebrates. . . .”

NMED Comment

33. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-11, element L4,
Table 4.2-1 /
“Therefore, even if all such radioactive contaminants were attributable to Mortandad Canyon deposits,
from a regulatory standpoint there is no significant risk on the mesa tops.”
The technical basis or evidence in support of the statement that “from a regulatory standpoint there is
no significant risk on the mesa tops” is unclear. Without this evidence, the statement appears to be
premature and potentially misleading. LANL should delete the statement.

LANL Response

33. LANL agrees with this comment and will delete the last sentence in item L4, Table 4.2-1, p. 4-11.

Action in Document

33. LANL will make the revision as indicated in the response.

NMED Comment

34. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-11, element M1,
Table 4.2-1

“Gaseous contaminants are not believed to occur in Mortandad Canyon at any significant levels.”

This statement appears to be speculative and arbitrary and unsupported by any technically based
evidence. As such, the sentence should be deleted unless the evidence in its support is provided.

LANL Response

34. LANL agrees with this comment.
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Action in Document

34. LANL will delete the sentence.
NMED Comment

35. § 4.2.1 Surface Water and Sediment Transport and Resultant Exposures, Page 4-12, 2nd paragraph
This paragraph lists several human exposure pathways potentially associated with contaminated
sediment. The list is, however, incomplete and it should include all relevant human exposure
pathways considered by American Indian land use scenarios in the core document. Among those
additional sediment-associated human exposure pathways should be inhalation of contaminated
smoke particles from the burning of contaminated wood for heating, cooking, ceremonial uses as well
as inhalation of volatile organic compounds and tritium, and dermal exposure to high energy beta-
emitting radionuclides in sediments. Therefore, LANL should review and revise Section 4.2.1 to
include all relevant human exposure scenarios and pathways consistent with those accepted by the

core document.

LANL Response

35. LANL agrees with this comment. The risk scenarios are briefly described in the response to comment
23.

Action in Document

35. LANL will delete the paragraph on page 4-12 that begins “Contaminants that are associated with
sediment . . .” and includes 6 bullets.

NMED Comment
36. § 4.2.2 Ground Water Transport and Resultant Exposures, Page 4-13, 3rd paragraph

“Currently the alluvial ground water is not consumed by humans, but soil moisture does support
vegetation that is used as forage by animals and for fuel and ritual or medicinal purposes by American

Indians from San lldefonso Pueblo.”

If springs or seeps originating from the alluvial ground water are present or discovered in the canyon
system and their water is occasionally consumed by people, the statement that “currently the alluvial
ground water is not consumed by humans” may potentially be misleading. LANL should revise this
sentence to read:_“No springs nor seeps are known to be fed by the alluvial ground water and no
humans use this water for drinking, but soil moisture does support vegetation that is used as forage by
animals and for fuel and ritual or medicinal purposes by American Indians from San lidefonso Pueblo.”

LANL Response
36. LANL agrees to the proposed change.
Action in Document

36. LANL will revise the sentence to read “No springs nor seeps are known to be fed by the alluvial
groundwater and no humans use this water for drinking. However, soil moisture does support

EM/ER:99-024 18 Response to RSI on
August 31, 1999 Mortandad Work Plan



s o g

vegetation that is used as forage by animals and for fuel and ritual or medicinal purposes by American
Indians from San lidefonso Pueblo.”

NMED Comment

37. § 4.2.2 Ground Water Transport and Resultant Exposures, Page 4-16, 5th paragraph
“This mechanism requires further investigation to determine how far the vapor-aqueous-phase
transport of tritiated water may extend or to determine at which point it no longer needs to be
considered a significant risk potential.”

Risks can only be evaluated after the nature, rate, and extent of contamination have been

determined. It is, therefore, inappropriate to state that either the extent of contamination or the
significance of risk should be determined. LANL should revise the sentence to read: “This
mechanism requires further investigation to determine how far the vapor-/aqueous-phase transport of
tritiated water may extend.”

LANL Response
37. LANL agrees to the proposed change.
Action in Document

37. LANL will revise the sentence to read, “This mechanism requires further investigation to determine
how far the vapor/aqueous-phase transport of tritiated water may extend.”

NMED Comment
38. § 4.2.3 Biological Transport and Resultant Exposures, Page 4-17, 2nd paragraph

“The dropping of leaves and other dead or dying plant tissues also returns contaminants to the
ground where they are subject to erosion or dissolution.”

Contaminated plants or their parts may act as a secondary source of contamination. Possible

contaminant release mechanisms would include erosion of accumulated plant material and dispersion
rather than dissolution. LANL should revise the sentence to read: “The dropping of leaves and other
dead or dying plant tissues also returns contaminants to the ground where they are subject to erosion

or dispersion.”
LANL Response
38. LANL agrees to the proposed change.
Action in Document

38. LANL will revise the sentence to read "Dropping leaves and other dead or dying plant tissues also
return contaminants to the ground where they are subject to erosion or dispersion.”
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NMED Comment
39. § 4.3 Refinement of the Conceptual Model, Page 4-18, 3rd paragraph, 4th bullet
“Actual data to document possible exposure of canyon occupant by resuspension.”
If contaminated sediment resuspension is of concern, please say so, otherwise remove this bullet.

LANL Response
39. LANL agrees with NMED’s comment.
Action in Document

39. LANL will delete the fourth bullet, “Actual data to document possible exposure of canyon occupant by
resuspension.”

NMED Comment

40. § 7.1.5 Overview of Information to be Collected, page 7-5, Bullets
“ldentification of contaminant concentrations and distributions in (1) sediments, (2) surface water, (3)
groundwater, and (4) the biological environment in the Mortandad Canyon system within and outside

the Laboratory Boundaries”
Bullet 1: Please include in the text “(1) sediments and other soils”.

“Identification of contaminant transport pathways and improvement in understanding transport
mechanisms and the ability to predict the potential for movement of present day contaminants to off-

site areas”

Bullet 3: Please indicate the activities identified in this work plan and other work plans that will be used
to determine transport mechanisms.

LANL Response

40. LANL agrees with NMED’s comment.

Action in Document

40. LANL will revise Bullet 1 to include “sediments and associated soils” in the text.
LANL will revise Bullet 3 to include in the text, “Identification of contaminant transport pathways and
improvement in understanding transport mechanisms, including sediment and water sampling
accompanied by chemical and physical analyses described in Section 7.2.6, Sediment Sample

Collection and Analysis, and in Section 7.3.4, Surface Water and Groundwater Characterization, and
the ability to predict the potential for movement of present-day contaminants to off-site areas.”

Groundwater and surface water sampling, geochemical and hydrological modeling, sediment-

contaminant distributions, colloid characterization, and selective extractions of sediment samples are
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activities that will help in determining transport mechanisms within the Mortandad Canyon system.
These activities are described in Chapter 7 of the Mortandad Canyon Work Plan.

NMED Comment
41. § 7.2.2.1 Geomorphic and Radiological Survey Data Quality Objectives, page 7-7, last paragraph

“Radiation screening results and laboratory analyses will be examined to determine whether the
original geomorphic units are appropriate to define the contaminant inventories and risks using
average values for these units”

First, RPMP does not allow screening data to be directly used in the assessment of risk. Secondly,
LANL should remove “...and risks using average values for these units” from this statement as it is not
known if this approach is appropriate prior to data analysis.

LANL Response

41. The sentence will be modified to read “Radiation screening results and laboratory analyses will be
examined to determine whether the original geomorphic units are appropriate to define contaminant
distributions and inventories in each reach.”

Action in Document

41. LANL will modify the sentence as indicated in the response.

NMED Comment

42. § 7.2.2.1 Geomorphic and Radiological Survey Data Quality Objectives, page 7-8

“Limited sampling of older sediments may be conducted to test the validity of criteria for distinguishing
post-1942 sediment and to gauge the importance of the other potential contaminant pathways”

Please identify the criteria used to determine the “limited sampling” and confidence level that the
“limited sampling” will achieve in order to test the validity of the post-1942 sediment identification.

LANL Response

42. The potential need, number, and location of such samples in inferred pre-1943 deposits will be
dependant on the specific geomorphic characteristics and/or field radiological measurements in each
reach and will be based on professional judgment. Criteria used to distinguish pre-1943 sediments
are discussed in section 5.6.2.2 of the Canyons Core Document.

Action in Document

42, LANL will add the following new sentence at the end of the bullet: "Geomorphic criteria used to
distinguish pre-1943 sediments are discussed in section 5.6.2.2 of the Canyons Core Document

(LANL 1997, 55622)."
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NMED Comment
43. § 7.2.3 Technical Approach for Sediment Investigation, page 7-11, first paragraph

“Supplemental measurements such as field radiological data and the sizes of sediment deposits, may
be made in intervening areas to improve confidence in extrapolation between reaches”

RPMP believes that supplemental measurements of the intervening areas are needed to improve
confidence and reduce uncertainty in transport models and any risk assessments conducted for
Mortandad Canyon.

LANL Response

43. LANL believes that it is premature to state a need for supplemental measurements between reaches
until results of the reach investigations have been evaluated in the context of transport models, risk
assessment, and potential remedial actions. For example, even if such supplemental measurements
are thought to be required, it is possible that they would be made only between key reaches and not
between all reaches.

The following new sentence will be added at the end of the paragraph to clarify this issue: “Possible
decisions to obtain such supplemental measurements between specific reaches will be made
following evaluation of data from the reaches and identification of significant uncertainties. It is
expected that no data will be required for areas where levels of contamination in bordering sampled
reaches are below levels that may warrant remediation or other institutional actions. These levels will
be developed on a case-by-case basis and are currently under development by the ER Project. In
contrast, if data from the sampled reaches indicate the need for remedial action, it is expected that
data on levels of contamination in the bordering unsampled areas will be required.”

Action in Document
43. LANL will add the sentence as indicated in the response.
NMED Comment

44. § 7.2.6.3.2 Inorganic Chemicals and Radionuclides, page 7-38
“Badionuclides with half-lives less than 365 days are not considered to be COPCs.”

LANL should provide the rationale for this statement. The radionuclides with short half-lives (less than
365 days) should be considered as COPCs. The daughter products may have longer half-lives and if
these radionuclides are currently being discharged in the TA-50 effluent they are present and will add
to any calculated present risk scenario.

LANL Response

44. The following additional explanatory text will be added to the work plan, which will also require deleting
Table 7.2.6-5.
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Action in Document
44. LANL will replace the first paragraph on p. 7-38 with the following text:

“According to Laboratory ER Project guidance, eight gamma spectroscopy radionuclides will be
retained and evaluated in data review. These radionuclides are americium-241, cesium-134, cesium-
137, cobalt-60, europium-152, ruthenium-106, sodium-22, and uranium-235. This list represents
radionuclides that are potential historical contaminants, have half-lives greater than one year, and are
reliably measured by gamma spectroscopy. Because releases into Mortandad Canyon are ongoing,
the list of gamma spectroscopy radionuclides that should be retained and evaluated in data review will
be supplemented by all activation or fission products on the Laboratory’s gamma spectroscopy list that
are reliably measured. Thus, the list of eight radionuclides is supplemented by the following activation
or fission products: manganese-54, cobalt-57, selenium-75, cerium-144, and protactinium-233.”

NMED Comment
45, § 7.2.7 Characterization of Potential Release Sites in Mortandad Canyon, pages 7-40 and 7-41

This section should include characterization of “Pratt Canyon”, historic TA-35 discharges, possibly
TA-48 issues, elc.

LANL Response

45. TA-35, including Pratt Canyon, is being characterized by the Remedial Actions Focus Area Team of
the ER Project. This team shall continue to take the lead with their ER Project investigations at TA-35.
The Canyons Focus Area Team, however, will communicate with the Remedial Actions Focus Area
Team to develop and implement a comprehensive sampling program for TA-35 to ensure that Pratt
Canyon is characterized using an approach that is consistent with Canyons Investigations.

Action in Document
45. None
NMED Comment

46. § 7.3.2.1 Surface Water and Alluvial Groundwater Data Quality Objectives, page 7-52
A thorough water balance study should be conducted on the Mortandad Canyon watershed so that a
reasonable model may be developed.

LANL Response

46. A water-balance study is planned to supplement modeling of Mortandad Canyon (see response to
comment 7).

Action in Document

46. None
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NMED Comment
47. § 7.3.2.1 Surface Water and Alluvial Groundwater Data Quality Objectives, page 7-53
“Sampling of the upgradient alluvial well will be conducted semiannually”

RPMP will require quarterly sampling of the upgradient well for at least two (2) years so that seasonal
variations can be more adequately understood.

LANL Response

47. The proposed sampling frequency is described in comment 3 of this document. Sampling will be
consistent with the “snapshot” approach requested by NMED.

Action in Document

47. Chapter 7 of the work plan will be modified to reflect the “snapshot” approach and sample frequency
described in comment 3.

NMED Comment

48. § 7.3.2.2 Bandelier Tuff and Regional Aquifer Groundwater Data Quality Objectives, page 7-55
“Continuous groundwater levels will be recorded for two years in wells containing pressure

transducers.”
Please indicate which wells will be equipped with pressure transducers.
LANL Response

48. Because of the uncertainties of finding groundwater present, the specific wells in which transducers
will be installed have not yet been determined. Transducers will be placed in newly installed wells

found to contain alluvial groundwater.
Action in Document
48. None
NMED Comment

49. § 7.3.2.2 Bandelier Tuff and Regional Aquifer Groundwater Data Quality Objectives, page 7-55
“Data needed to evaluate potential impacts from contaminant transport within or outside the
Laboratory boundary must provide adequate validation of models of aquifer distribution and transport
properties to evaluate trends over time relative to present-day risks”

Please discuss the approach to model “validation” and define “adequate validation”.
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LANL Response
49. LANL will change the sentence as described below.
Action in Document

49. LANL will replace second sentence under “Interpretive Study” with the following text: “Before data
can be used in groundwater-flow, contaminant-transport and risk-analysis models they must be
checked for consistency with the conceptual hydrogeologic model.” The same change will be made
under “Interpretive Study” on p. 7-53.

NMED Comment

50. § 7.3.3 Technical Approach of for Surface Water and Groundwater Investigation, Table 7.3.3-1, page
é-l:gfy if the designation of the replacement well for MCO-3 is MCO-3a or MCO-3 as indicated in the
lable.

LANL Response

50. The correct designation for the replacement well is MCO-3A.

Action in Document

50. LANL will change the replacement well for MCO-3 to MCO-3A in Table 7.3.3-1.
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Abstracts for Citations for NMED Comment 31

Axelsen, J.A., Holst, N., Hamers, T. and Krogh, P.H., 1997. “Simulations of the
Predator-Prey Interactions in a Two Species Ecotoxicological Test System,” Ecological
Modeling, Vol. 101, pp. 15-25.

KEYWORDS: ecotoxicology; theory; ecological risk analysis; predation

NOTES: A mathematical simulation model (Gutierrez type) has been developed to investigate the
predator-prey interactions in a two species ecotoxicological test system. The test system consists of the
predacious mite (Hypoaspis aculeifer Canestrini) and, as prey, the collembolan Folsomia fimetaria L. In a
microcosm (5.5 cm high x 6.0 cm in diameter) with 30 g humidified soil. F. Fimetaria is provided with bakers
yeast as food source. The model simulates (i) the population development of the test animals in
synchronous cultures before the test, (ii) the selection of the test animals from the synchronous cultures
and (iii} predator-prey interactions with and without the presence of dimethoate during the test and
extraction periods. The driving variable is the temperature dependent food demands of the organisms.
Both species were simulated with separate male and female populations, which were divided into a
number of life stages. Thus the model handles very complicated predator- prey interactions taking the
different interactions between different instars into consideration. The simulated test results were found
to be very sensitive to changes in predator search rate, capture efficiency, habitat overlap, the amount of
stored reserves of H. Aculeifer at test start and the survival and reproduction of F. Fimetaria, The
simulations constitute the foundation for suggestions for further improvement of the test system.

.Logan, D.T. and H.T. Wilson, 1995. “An Ecological Risk Assessment Method for

Species Exposed to Contaminant Mixtures,” Environmental Toxicology and Chemistry,
Vol. 14, pp. 351-359.

KEYWORDS: ecological risk analysis; contaminant; ecotoxicology

NOTES: The method developed here provides a quantitative, objective measure of ecological risk for
natural populations exposed to mixtures of chemical contaminants. It is founded on generally accepted
risk assessment concepts: use of toxic units to assess the joint toxic effects of mixtures and expression of
ecological risk as a relationship between toxicological end points and estimated environmental
concentrations. Toxicological end points may be regulatory levels with zero variance and species-
dependent concentrations with estimates of variance. Risk is the probability that a linear combination of
toxic units exceeds 1, which expresses the probability that a measurement end point (e.g., 50% mortality
in 96 h) will occur. Computations have three variations. One addresses concentration addition, in which
chemicals act independently to produce similar biological effects. For noninteractive joint action with no
addition, in which the biological response to the mixture is not significantly different from the response to
the most toxic component, the method reduces to an analysis of extrapolation error. For other
noninteractive joint action-antagonism, partial addition, and supra- addition - a correction factor similar to
Konemann's mixture toxicity index is applied. An initial validation using published data indicated that
increased in situ striped bass mortality was generally associated with elevated risk estimates. The method
is applicable to many organisms and toxicant mixtures.
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Thompson, H.M. “Interactions Between Pesticides,” 1996. A Review of Reported
Effects and Their Implications for Wildlife Risk Assessment,” Ecotoxicology, Vol. 5,

pp. 59-81.
KEYWORDS: pesticide; ecotoxicology; wildlife management; ecological risk analysis

NOTES: Reviews of pesticide usage survey data and vertebrate wildlife and honeybee poisoning incident
schemes in the UK show that there is considerable potential for wildlife to be exposed to combinations of
agricultural pesticides, According to the published literature the toxicity of many pesticide combinations is
at least additive. In some cases pesticide mixtures, particularly those involving insecticides, have been
shown to be synergistic, with reported increases in toxicity of up to 100-fold. However, these effects are
species, time and dose dependent and are therefore difficult to predict routinely. It is suggested that risk
assessments should routinely take additive toxicity into account and those based on synergism should be
targeted at those mixtures for which a further defined increase in toxicity would result in a high-risk
classification. In order to support this risk assessment approach there is a need to develop and validate a
standard in vivo test in order to confirm the interaction in those cases where additive or synergistic toxicity
results in a high-risk classification.
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Executive Summary

EXECUTIVE SUMMARY
Purpose

This Resource Conservation and Recovery Act (RCRA) facility investigation (RFI) work plan establishes
the technical approach and methodology for environmental investigation of the Mortandad Canyon
system at Los Alamos National Laboratory (hereafter “the Laboratory”). Specifically, the purposes of the
investigation are to evaluate the present-day human health and ecological risks from Laboratory-derived
contaminants within the canyon system and to assess future impacts from the transport of these
contaminants. To achieve these goals, the investigation will

. determine the potential for contaminant transport into or within the Mortandad Canyon watershed;

. evaluate present-day human health risks and ecological impacts associated with the presence of
contaminants, as needed;

. refine the conceptual model for contaminant occurrence, transport, and exposure route;

. assess the potential for interconnections between groundwater in alluvium, intermediate perched
zones, and the regional aquifer; and

. assess the projected impact that contaminants may have on off-site receptors and the Rio Grande.

This work plan presents a technical approach that will be applied to the investigation of the Mortandad
Canyon system that is, or may have been, affected by Laboratory operations. This work plan provides
information specific to the Mortandad Canyon system regarding historical land uses and Laboratory
operations; environmental setting; conceptual model for contaminant occurrence, transport, and
exposure route (hereafter “the conceptual model”); and a detailed sampling and analysis plan for
investigations. Historical background for general Laboratory operations, the regional environmental
setting, general technical approach to the investigation, and the general approach to present-day human
health and ecological risk assessment are discussed in the Core Document for Canyons Investigations
(hereatfter “the core document”).

The groundwater investigations outlined in this work plan were developed in cooperation with other
Laboratory investigators who are also responsible for groundwater issues. As a result of these
consultations, Mortandad Canyon groundwater investigations are an integral part of the Laboratory’s
Hydrogeologic Workplan, which was initially developed for the Groundwater Protection Management
Program Pian. In addition, the Mortandad Canyon investigation will include supplemental characterization
of three potential release sites (PRSs) located in or adjacent to the main canyon and tributaries.

Response to Regulatory Requirements

The Laboratory Environmental Restoration (ER) Project addresses the requirements of Module VIli of the
Laboratory’s Hazardous Waste Facility Permit (the Hazardous and Solid Waste Amendments [HSWA]
Module) (modification dated May 19, 1994), which was issued by the Environmental Protection Agency
(EPA) to address corrective actions at the Laboratory. The New Mexico Environment Department (NMED)
is the administrative authority for the HSWA Module. This work plan addresses and satisfies portions of the
requirements in Section 1.5, Section Q Tasks | through V of the HSWA Module.
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Because the Mortandad Canyon system is identified as primarily a transport pathway for contaminants
migrating across and off the Laboratory rather than as the source of contaminants, a distinction is created
between the HSWA Module requirements for investigations of the canyon system and the HSWA Module
requirements for investigations of solid waste management units (SWMUs). The Mortandad Canyon
pathway crosses American Indian and private land and eventually contributes sediments, surface water,
and groundwater to the Rio Grande. Because the Mortandad Canyon system and the associated transport
processes, rather than distinct SWMUs, are identified as the focus, the Mortandad Canyon investigation is
different from SWMU-based investigations, in both a regulatory and a scientific perspective.

This work plan deals primarily with the investigation of affected media within the canyon system rather than
the investigation of SWMUs although supplemental characterization of three PRSs is included in the
proposed investigations. The general technical approach presented in the core document and the
sampling and analysis plan in Chapter 7 of this work plan are designed to address the broad requirements
contained in the HSWA Module Sections 1.5 and Q, as well as to provide data supporting risk-based
decisions for the three PRSs.

Background

Description of Field Unit 4

Field Unit 4, one of the six field units in the ER Project, includes three former operable units (OUs):

OU 1098, OU 1129, and OU 1049. OU 1049 comprises 19 canyon systems with approximately 110 miles
of canyon and drainage systems located on property controlled by the Laboratory. For purposes of
planning and conducting the investigations of these canyon systems, the 19 canyons have been
consolidated into 8 groups and prioritized for investigation according to these four criteria:

o potential for risk to present-day human health and the environment (canyons judged to pose the
highest potential risk are placed at highest priority for investigation);

. known presence of contamination (canyons known to contain Laboratory-derived contaminants,
based on records of prior use and/or monitoring data, are placed at high priority for investigation);

. amount of data available on sources, occurrence, distribution, and severity of contamination; and

. geographic proximity (adjacent canyons are combined for investigation if other criteria are also
similar for the canyons).

Conceptual Model and Technical Approach

One of the significant distinctions of the canyons investigations compared with a SWMU-based RFl is the
responsibility to investigate the canyon as an integrated natural system. This integration is accomplished
through a conceptual model, which guides the technical approach to the investigations and is refined by
the findings of each successive investigation through refinements in models of regional stratigraphy,
groundwater and contaminant occurrence and movement, sediment transport, and geochemical
interactions. The canyons that drain the Pajarito Plateau at the Laboratory are geologically, hydrologically,
and ecologically diverse. This diversity and wide geographic extent coupled with the common
investigation objectives for all canyons necessitates a flexible and broadly applicable methodology for
these studies that is based on well-defined regulatory and technical issues applicable to the canyons.
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The characterization study area is bounded on the west by the Laboratory boundary, on the east by the
Rio Grande, in the canyon floors laterally from the stream channel to the edge of the modern floodplain
deposits, and in the stream channel vertically to the deepest groundwater bodies affected by regulatorially
defined limits of contaminant concentrations. The characterization data are used, as needed, to develop
risk scenarios based on Laboratory use, recreational land use, traditional use by American Indians, and
residential use. Risk scenarios based on impacts to future generations are recognized as possible
products of these investigations but are not explicitly dealt with at this time. Qualitative evaluation of long-
term changes will be addressed.

The Mortandad Canyon characterization activities, presented in Chapter 7 of this work plan, are designed
to collect data for risk assessment based on present-day contaminant levels, to evaluate the potential
impact of contaminant transport into and within the watershed and, subsequently, to transition to a long-
term monitoring program. Initially, media-based or multimedia-based reports will address present-day risk
for reasonable present-day scenarios. Subsequent reports will consider potential future-use scenarios
and discuss the potential impacts of future contaminant transport. The conceptual model of contaminant
transport and the framework for investigations of present-day human or ecological risk at future times need
to be refined before studies of future risk can be undertaken. Transferring ongoing characterization
activities to the Laboratory’s long-term monitoring program ensures that later, when more detailed
regulatory guidance and conceptual (and numerical) models are available, studies of current and future
risk can be performed.

Sampling and Analysis Strategy

Characterization activities in the Mortandad Canyon investigation are presented in detail in Chapter 7 of
this work plan and will include

. detailed mapping and description of the geomorphology of selected canyon reaches;

. drilling and coring of boreholes 1o elucidate details on the hydrogeologic structure of the Pajarito
Plateau;

) sampling and analysis of surface and near-surface sediments on the canyon floors to evaluate
surface exposure pathways, historic contaminant transport, and potential sources for migration to
groundwater;

. sampling and analysis of surface and groundwater to assess the transport pathways and potential

impacts on the different zones of saturation; and

. supplemental characterization of three PRSs located in or adjacent to the main canyon and
tributaries.

The sampling strategy is designed to gain an understanding of the nature of the contaminants present.
This understanding will be gained initially through a biased sample location selection strategy and
analyses of a limited number of samples for a broad, comprehensive suite of contaminants. The initial
analyses will enable identification of contaminants actually present, and subsequent investigation will limit
analyses to the suite of known contaminants.

For example, sediment sampling and analysis will largely be restricted to post-1942 canyon deposits in
both the active channels and the floodplains if pre-1943 deposits are not contaminated. Furthermore,
activities will focus on identifying areas most likely to contain contaminants, determining the geomorphic
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settings where the greatest contaminant inventories could occur (post-1942 sediments), and assessing
the susceptibility of the contaminants to redistribution in sediments and dust. Mesa tops, alluvial and
colluvial deposits on canyon walls, and drainages of canyon walls may contain contaminants from individual
PRSs. These sites have been or will be characterized as part of RFIs conducted by other ER Project field
units, and preliminary RFls have been performed at all PRSs proposed herein for supplemental
characterization.

Because it is likely, given the historic activities, that Laboratory-derived contamination is predominantly
radioactive and that there are associated radioactive components in virtually all waste streams serving as
canyon contamination source terms, the initial sampling strategy relies heavily on the use of radiological
surveys and geomorphologic mapping to give a broad view of the distribution of contaminants within
surface sediments. Discrete sampling points will be identified initially using radiological screening surveys
and geomorphologic features.

In all sediment sampling and analyses, the selection criteria for location and analytical protocols will be
designed to develop the best possible data set at the most reasonable cost. An iterative technique will be
used to select locations for additional sampling and analysis to minimize uncertainty in the spatial
distributions of contaminant concentrations. The iterative strategy will allow the investigators to adjust the
characterization activities to observed conditions in the field. This approach will ultimately lead to a well-
defined and quantitative understanding of the natural systems and processes involved in contaminant
occurrence and transport in the Mortandad Canyon system.

Groundwater investigations in Mortandad Canyon also will focus on areas most likely to contain
contaminants, such as the near-surface alluvial groundwaters downgradient of known release sites.
Results of these groundwater investigations will also be used to enhance current Laboratory groundwater
monitoring systems, if necessary. Studies of the deep unsaturated zone, potential intermediate-depth
groundwater, and the regional aquifer will provide information about contaminants in potential
intermediate perched zones and the top of the regional aquifer. Proposed boreholes drilled to investigate
these deep groundwater systems in Mortandad Canyon will initially be sited downgradient of PRSs with
large radionuclide inventories and where Laboratory surveillance data indicate that Laboratory-derived
contaminants are present in the deeper groundwaters. Groundwater investigations in the Mortandad
Canyon system will follow an iterative approach in which information obtained from each borehole will be
evaluated in the context of the hydrogeological portion of the conceptual model. These ongoing
evaluations will be made in collaboration with other investigators implementing the Hydrogeologic
Workplan and may lead to changes in the locations and numbers of future boreholes. Changes in the
scope of groundwater investigations will be negotiated annually with the regulators.

Schedule and Reporting

Annex | of the core document contains a preliminary schedule for conducting the Mortandad Canyon
investigation. The schedule is subject to change based on future DOE funding.

The Laboratory, DOE, NMED, EPA, and the stakeholders have not produced a final definition of the types
and schedule of reports for the efforts in executing this work plan and sampling and analysis plan.
Because Mortandad Canyon and tributaries contain three PRSs proposed herein for supplemental
characterization (the Technical Area 50 Radioactive Liquid Waste Treatment Facility outfall [PRS No.
50-006(d)], contamination associated with a release [PRS No. 50-006(a)], and the sediment traps [PRS
No. 00-001]), reporting schedules pertinent to the HSWA Module are directly applicable.
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Consistent with the technical approach, the Laboratory will notify NMED if any results indicate the need for
stabilization.

Structure of the Work Plan

This work plan contains seven chapters and five appendixes as listed beiow.

Chapters

Chapter 1 gives a brief introduction to the overall regulatory, operational, and environmental setting.

Chapter 2 provides the historical background for the archaic and modern land uses within the investigation
areas, including a discussion of possible contaminant sources based on archival data.

Chapter 3 describes the environmental setting for Mortandad Canyon and its tributaries and summarizes
available data germane to the current investigation.

Chapter 4 develops the conceptual model for the Mortandad Canyon system and its implications in
shaping the overall investigation efforts.

Chapter 5 refers the reader to the core document, which describes the general technical approach that will
be followed during execution of this work plan.

Chapter 6 refers the reader to the core document, which explains the present-day human health and
ecological risk assessment considerations and approach for evaluating the data derived from the
investigation. (Details on data collection for the present-day human health risk assessment and the
ecological risk assessment are discussed in Chapter 7.)

Chapter 7 contains the sampiing and analysis plans for the initial characterization efforts in Mortandad
Canyon and describes more fully the implementation of the reach concept for investigations. Elements of
the quality assurance project plan are included; groundwater investigations are described in detail.
Appendixes

Appendix A contains the fold-out color maps referenced in the text.

Appendix B lists the PRSs in the Mortandad Canyon watershed and their current status.

Appendix C contains the analytical results for sediment samples collected at PRS No. 50-006(d).

Appendix D contains drilling and well completion data for wells, boreholes, and moisture access tubes in
the Mortandad Canyon system.

Appendix E lists the individuals who contributed to this work plan.
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Chapter 2 Background

JABLE 2.4.5-1
NPDES-PERMITTED OUTFALLS AT TA-48

PRS No. NPDES Permit No. Discharge Comments

48-007(a) 03A-045 2 gal. per minute Treated cooling water blowdown from TA-48-1 to
surface impoundment east of TA-48

48-007(b) 04A-016 12 gal. per minute Noncontact cooling water from TA-48-1 to
Mortandad Canyon

48-007(c) 04A-131 2,600 gal. per day Noncontact cooling water from TA-48-1 to
Mortandad Canyon

48-007(d) 04A-153 6 gal. per minute Noncontact cooling water from TA-48-1 to surface
impoundment east of TA-48

48-007(e) Former 04A-126 Inactive 1995 Noncontact cooling water from TA-48-8 to
Mortandad Canyon

48-007(f) Former 04A-137 Inactive 1995 Noncontact cooling water from TA-48-46 to
Mortandad Canyon

Not a PRS 04A-152 11,000 gal. per day | Noncontact cooling water from TA-48-28 to
Mortandad Canyon

The Phase I RFI for PRSs at TA-48 was completed in 1994 according to the RFI Work Plan for Operable
Unit 1129 (LANL 1992, 7666) and was reported in the RF| report for TA-48 (LANL 1995, 50295). Based
on the characterization data, no hazardous constituents or inorganic or organic COPCs were identified in
concentrations above risk-based levels at the following PRSs: 48-001, 48-002(e), 48-003, 48-007(a, b, c,
d, and f), and 48-010. Therefore, these PRSs were recommended for NFA (LANL 1995, 50295). An NOD
for the TA-48 RFI report was received from NMED in March 1996 (LANL 1996, 53810). Most concerns
were related to analytical procedures and data quality. A response to the NOD (LANL 1996, 54448) and a
supplemental sampling and analysis plan (LANL 1997, 55326) were prepared for resampling PRSs at
TA-48. Supplemental samples were collected and analyzed in early 1997; the results are pending.

2.4.6 Technical Area 50

The Laboratory’s RLWTF located at TA-50 began operations on July 28, 1963 and discharged treated
wastewater to Mortandad Canyon via Effluent Canyon through an outfall that is currently permitted as
NPDES outfall 051 (see Figure A-1 in Appendix A of this work plan).

Table 2.4.6-1 and Figure 2.4.6-1 contain summaries of the annual volumes of radioactive and inorganic
constituents discharged from the TA-50 RLWTF. Sludge from the RLWTF is transported to TA-54, Area G
for disposal (LANL 1996, 55688).

Radioactive liquid waste is treated in TA-50-1 at the RLWTF and transferred to one of two 20,885-gal.
(79-m®) holding tanks located in TA-50-2. When one of these tanks is full, the contents are discharged.
Before discharge, the treated wastewater is sampled and tested for radiological and nonradiological
constituents. The wastewater is recycled through the treatment plant until the parameters in the NPDES
permit are met (including standard physical and chemical parameters, radium, and trace metals) and the
gross-alpha activity is less than 1000 cpm/L. The holding tank discharges at an average flow of 720 gal.
(2.73 m®) per minute for about 30 minutes to discharge a batch. Since 1990 an average of about one
batch per working day has been discharged from the TA-50 RLWTF (LANL 1996, 55688). Samples of the
treated wastewater are analyzed daily, weekly, and annually according to the NPDES permit requirements.
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TABLE 2.4.6-1
SUMMARY OF VOLUMES AND RADIONUCLIDES
DISCHARGED IN TREATED WASTEWATER FROM THE RLWTF®
Gross
Gross Beta/
Volume *'Am “ecs Alpha | Gamma | *Pu =Py *Sr "Sr Tritium

Year ) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci) (Ci)
1963 | 27,380,000 b b 0.00371| 0.15940 b 0.00160 | 0.14860! 0.03970 b
1964 | 51,390,000 b b 0.00120| 2.52500 b 0.00194 | 0.06074 | 0.08865 b
1965 | 48,990,000 b b 0.00189| 0.70840 b 0.00349| 0.04229 | 0.06177 b
1966 | 52,800,000 b b 0.00209| 0.33820 b 0.00162 | 0.02436| 0.03558 b
1967 | 59,670,000 b b 0.00342| 0.30910 b 0.00422 | 0.05350| 0.01340 20
1968 | 60,280,000 b b 0.00257| 0.28580 b 0.00259 | 0.03260( 0.00082 b
1969 | 54,470,000 b b 0.00660| 0.28930 b 0.00678 | 0.05460| 0.01310 20
1970 | 53,170,000 b b 0.00330| 0.16140 b 0.00498| 0.01360| 0.01980 b
1971 | 45,670,000 b b 0.00394 | 1.84900 b 0.00691| 0.01253| 0.03159 b
1972 | 57,070,000 b b 0.00513| 0.37470| 0.00769| 0.00102| 0.00352| 0.00550 5.97
1973 | 53,720,000} 0.00136 | 0.29270| 0.00424| 0.95860| 0.00839 0.00058 | 0.00455| 0.00710 17.47
1974 | 40,600,000| 0.00166 | 0.15600 b 0.18100( 0.01140] 0.00039 | 0.00287 | 0.01590 4.05
1975 | 39,720,000| 0.00113| 0.17400 b 0.12000| 0.01480| 0.00067 | 0.00170 | 0.00544 66.00
1976 | 39,890,000( 0.00114| 0.19300 b 0.01550| 0.00748| 0.00105| 0.00092 | 0.00417 | 187.00
1977 | 42,090,000( 0.00193 | 0.14200 b 0.07630| 0.00257| 0.00147 | 0.00226 | 0.03040 36.50
1978 | 40,540,000] 0.00173 | 0.31700 b 0.09630| 0.00405| 0.00183| 0.00264 | 0.01040 12.30
1979 | 48,580,000{ 0.00468 | 0.17000 b 0.07070( 0.00055| 0.00171| 0.00607 | 0.01420 32.70
1980 | 52,830,000| 0.00570 | 0.13200 b b 0.00130} 0.00820| 0.04090| 0.01800 44.90
1981 | 55,330,000( 0.02300 0.12000 b b 0.00290| 0.05500| 0.04200| 0.02300 17.00
1982 | 39,760,000| 0.01780| 0.20900 b b 0.00300]| 0.01660| 0.01180| 0.01280 14.20
1983 | 34,500,000 0.03800 b b b 0.01100| 0.04200| 0.05700( 0.00230 8.70
1984 | 35,030,000| 0.00820 b b b 0.00610| 0.00810| 0.26000; 0.00680 13.00
1985 | 28,600,000| 0.00542 b b b 0.00393| 0.00575| 0.00904 | 0.00125 69.40
1986 | 30,500,000| 0.00324 | 0.01800 b b 0.00150| 0.00355| 0.00920 | 0.00069 72.50
1987 | 26,600,000| 0.00360| 0.00810 b b 0.00140| 0.00320 | 0.06400( 0.00100 | 100.00
1988 | 29,300,000| 0.00370| 0.03100 b b 0.00110| 0.00320| 0.08100| 0.00020 21.00
1989 | 22,800,000| 0.00410| 0.03900 b b 0.00051| 0.00200| 0.01800| 0.00110 16.00
1990 | 21,100,000{ 0.00270| 0.01250 b b 0.00020| 0.00060 b b 12.00
1991 | 21,900,000{ 0.00110| 0.06700 b b 0.00030| 0.00100 b b 10.60
1992 | 19,900,000| 0.00027 | 0.00050 b b 0.00032| 0.00039 b b 10.63
1993 | 21,700,000| 0.0112 | 0.00817} 0.01240| 0.02310| 0.00058 0.00049 | 0.00263 | 0.00263 2.66
1994 | 20,841,691| 0.00306| 0.00851| 0.00523| 0.08510| 0.00281| 0.00046 0.00196 | 0.000285 2.23
1995 | 17,600,000| 0.0034 | 0.00662; 0.00531| 0.02348| 0.0034 0.0006 | 0.00012| 0.000651 0.731
Total 1.204E+09| 0.14612| 2.1051 | 0.06102| 8.51870( 0.09732| 0.19401| 1.065 0.469 817.542

a Amended with data from annual environmental surveillance reports; Purtymun 1975, 11787; and TA-50 annual reports

b. Blank cells are unknown values. In 1973 TA-55 became operational and started processing plutonium. Before 1973 liquid
radicactive wastes (actinide-fission product) was treated at TA-21 and are not reported for TA-50.

Source: LANL 1992, 7672
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TA-21 and that water confined to this zone probably will move downgradient along the axis of a large pre-
Otowi paleodrainage toward the south, beneath Mortandad Canyon. The location of the axis of this
paleodrainage cannot be constrained precisely, but the available data suggest that it crosses beneath
Mortandad Canyon near borehole MCC-8.2 about 0.75 mi. (1.2 km) downstream of TW-8. Groundwater
infiltrating to and potentially perching in the Guaje Pumice Bed from Mortandad Canyon would tend to
migrate toward the axis of this paleodrainage and then flow toward the south or southwest.

Faults and fractures may play a role as infiltration pathways if they become saturated, particularly in the
canyon floor. Baltz et al. (1963, 8402) and Rogers (1995, 54419) did not identify any faults that displaced
the Bandelier Tuff in the Mortandad Canyon area. However, faults with pre-Bandelier displacement may
occur in the subsurface, although none have been identified with certainty to date.

Baltz et al. (1963, 8402) performed a preliminary study of joints (fractures) in the Bandelier Tuff on the
walls of Mortandad Canyon. The principal conclusions of this study were as follows.

) Many of the joints in Mortandad Canyon can be classified as master joints (that is, joints that are
numerically predominant and most persistent in length and pass through several groups of beds).

. Most master joints are vertical or dip no more than 85° and are generally perpendicular to layering
of the Tshirege Member.

. The master joints can be traced vertically across two or more subunits of the Tshirege Member
and, in places, across all subunits.

. The overall trends of the master joints are relatively straight, but most joints are curved slightly
along part or all of their length; some of the shorter joints have pronounced local curvature.

. Other joints dipping at angles from about 40° to 70° are especially common in the Tshirege Qbt 1v
unit, but generally they are not as persistent as the master joints.

. Although measurements of joint orientations were not sufficient to establish the fracture pattern
with certainty, the available data suggest grouping of sets of nearly parallel joints that form
conjugate patterns separated by 60°.

. Many of the master joints in the Tshirege Member were probably produced by tensional stresses
during cooling of the tuffs.

) Runoff from snowmelt was observed to infiltrate joints in the Bandelier Tuff on a topographic
bench north of Ten Site (TA-35).

Personnel from Field Unit 4 of the ER Project are conducting a more detailed investigation of fractures in
Mortandad Canyon. The field portion of this study is nearly completed, and the data will be analyzed in the
near future.

3.3.4 Data Requirements

Data needed in the geologic investigations in the Mortandad Canyon system to resolve uncertainties in the
conceptual model for the canyon, particularly those that relate to potential contaminant pathways, include

o the geologic nature and distribution of perching layers in alluvial and intermediate-depth
groundwaters,
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. the axis and downgradient direction for pre-Tshirege and pre-Otowi paleodrainages,
. areas of faulting and high fracture densities in Mortandad Canyon,

. the geometry and distribution of geologic units below Mortandad Canyon, and

. nature and extent of contaminant distribution.

3.4 Surface Sediments
3.4.1 Natural Background Conditions

Sediments in the Mortandad Canyon system are derived from erosion of the Bandelier Tuff and of soils
that have developed in the watershed, the latter including components of wind-blown sediment and
fallout pumice. The natural background chemistry of the sediments reflects both the source materials and
particle size distribution of resultant deposits. No background data are available from sediments in
Mortandad Canyon, but background data have been obtained from geologically similar settings in Ancho
Canyon and Indio Canyon (Reneau et al. 1996, 56047), which are also similar to background data
collected from upper Guaje Canyon, Los Alamos Canyon, and Pueblo Canyon by Field Unit 4 personnel in
1996 (McDonald et al. 1997, 04-0328). These background data will provide the basis for evaluating the
nature of contamination in Mortandad Canyon sediments.

3.4.2 Historic Channel Changes

Changes are known to have occurred in the Mortandad Canyon channel since Laboratory operations
began in 1943. Although these changes have been only partially defined, they affect the horizontal and
vertical distribution of contaminants in the alluvium. The changes include both aggradation that has locally
raised the level of the stream bed and degradation that has locally caused incision of the stream bed.

Progressive aggradation upstream of Ten Site Canyon apparently caused repeated flooding of the dirt
road; the channel was diverted to the north side of the canyon after the 1987 floods (see Section 3.6).
The former channel (now an “inactive channel”) can be traced downstream to the confluence with Ten
Site Canyon. Channel aggradation elsewhere is indicated by trees that are partially buried by sediment,
both in Mortandad Canyon and in the upper part of Ten Site Canyon. An example of channel incision is
provided at gaging station (GS) -2, which was installed circa 1974 on the stream bed but is now perched
about 3 ft (0.91 m) above the active channel.

Major channel changes were imposed beginning in 1974 with the construction of the first sediment traps
in Mortandad Canyon downstream from Ten Site Canyon and subsequent diversion of the channel near
the sediment traps (see Section 2.3.1 in Chapter 2 of this work plan and Section 3.6.1). These traps
quickly filled with sediment and became ineffective; new, larger traps were excavated in 1986. These traps
have been effective at enhancing sediment deposition in this area and limiting the downstream extent of
floods. The traps are periodically cleaned out after they fill with sediment to restore their storage capacity.

3.4.3 Previous Field Screening and Sediment Analyses in Ten Site Canyon

No systematic screening or analyses of sediments along the length of Ten Site Canyon has been
conducted; prior investigations have dealt with specific discharge areas from TA-35 into Pratt Canyon and
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Figure 3.4.4-2. Gross-beta activity in Mortandad Canyon active channel
sediments.
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3.4.4.2 Contamination in Mortandad Canyon after 1963
3.4.4.2.1 Active Channels
Early Investigations of Channel Sediments

After the TA-50 RLWTF began discharging into Effluent Canyon in June 1963, the United States
Geological Survey (USGS) and the Environmental Surveillance Group collected sediment samples from
the active channel. Samples were analyzed for radioactivity and selected radionuclides in 1965, 1970,
1971, and 1972. The results showed that beta activity was highest at GS-1 a short distance downstream
from the TA-50 RLWTF outfall in Mortandad Canyon and decreased downstream. Gross-beta and **Pu
and 2%°Pu activities measured at the farthest downstream site, MCS-12, were generally within natural fallout
background levels (Purtymun 1975, 11787).

The distribution of particle sizes in Mortandad Canyon channel sediments is shown in Figure 3.4.4-3.
Channel sediment samples were collected near the head of Mortandad Canyon, near the CMR Building,
and from selected sites downstream, including one in Ten Site Canyon near well TSCO-1 (sediment
sampling location TSCS-1) and one near well MCO-12 (sediment sampling location MCS-12) (Purtymun
1975, 11787). The channel sediments are derived from weathering of the Bandelier Tuff, and the
distribution of the particle sizes appears to be similar throughout the canyon. The greatest percentage by
weight of particles in the channel sediments was found in coarse and very coarse fractions, whereas the
very fine sand, silt, and clay-size fractions are generally less than 5% by weight of the channel sediments.

0
50 —
f—-—-—-—— Near CMR
— —— -GS
: MCS-3.8
40 | et MCS-6
——3—TSCS-1
" ————MCS-12
3 0
20 3
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Size fraction

Source: Purtymun 1975, 11787

Figure 3.4.4-3. Distribution of particle sizes in Mortandad Canyon channel sediments.
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Other Channel Sediment Sampling

In 1981 sediment samples were collected from nonroutine sampling locations in lower Mortandad Canyon
to assess the location of a proposed borrow pit (Purtymun 1994, 52951, p. 132-5). Samples were also
collected in 1978. The results of the analyses for '¥Cs, 2*Pu, ?**Pu, and gross-gamma radiation are shown
in Figure 3.4.4-8. The data show that in 1978 elevated '¥’Cs activities (greater than 0.1 pCi/g) were
present as far east as location 11; activities declined to around 0.01 pCi/g east of that location. However,
the 1981 data show that elevated '*Cs concentrations were present as far east as location 13a, near well
MCO-9.5, which is downstream of where contaminants are usually detected in the annual surveillance
sampling. These elevated concentrations suggest occasional transport of contaminated material to this
area, possibly by the large flood event in 1978 or by localized sediment transport during several smaller
precipitation events.

in 1993 Laboratory personnel collected additional sediment samples from 11 locations along a transect
line between sediment sampling locations A-7 and A-8 on San lidefonso Pueblo land. The results of the
analyses of the samples for radioactivity and radionuclides are shown in Figure 3.4.4-5(b). One of these
samples contained a 2%***°Pu concentration slightly higher than the statistically-derived levels from fallout in
northern New Mexico, and the other 10 samples contained levels below the maximum fallout levels. Three
of these samples contained 2*Pu at levels that slightly exceeded the fallout reference level, whereas 3
samples contained '¥’Cs concentration levels slightly above the reference level. Total uranium
concentrations slightly exceeded background levels at 2 of the transect locations (Environmental
Protection Group 1995, 50285). These analyses suggest possible transport of very low levels of
plutonium and '¥Cs onto San lidefonso Pueblo land.

Published Dose Estimates for Exposure to Sediments

The pathways of exposure from sediments in Mortandad Canyon were evaluated and reported in
Environmental Surveillance at Los Alamos during 1995 (Environmental Surveillance Program 1996,
55333). The exposure pathways considered in the evaluation were the external gamma radiation pathway
from radioactive materials in the sediments, the inhalation pathway from materials resuspended by wind
and animals, and the soil ingestion pathway. Irrigation, cattle grazing, or gardens, the drinking water, meat
ingestion, and fruit and vegetable ingestion pathways were not considered.

The computer model RESRAD was used to calculate the maximum total effective dose equivalent (TEDE),
which is the total of the effective dose equivalents from all pathways plus twice the error value. The
modeling considered three scenarios: (1) the entire canyon, (2) the sediment sampling location at GS-1,
and (3) the sediment sampling location near well MCO-5. The maximum TEDE for the entire canyon was
ostimated to be 36.6 mrem, which is <37% of the DOE public dose limit (PDL) of 100 mrem/yr. The ¥'Cs
activity in the sediments at GS-1 and MCO-5 contributed more than 98% of the external gamma radiation
pathway, which also contributed more than 84% to the maximum TEDE for the entire canyon area. The
inhalation and soil ingestion pathway each contributed approximately 8% to the maximum TEDE. The
maximum TEDEs derived for GS-1 and MCO-5 were 43.4 and 22.1 mrem, respectively (Environmental
Surveillance Program 1996, 55333).

To consider the exposure rate from surface water in Mortandad Canyon, an exercise scenario was
proposed because surface water derived from Mortandad Canyon is not used for drinking, industrial, or
agricultural purposes. The exercise scenario assumed an individual exercising four times a week for 50
weeks and obtaining 10% of the necessary drinking water from the TA-50 RLWTF discharge or from the
derived stream in Mortandad Canyon. This amount of drinking water was calculated to be 16.1 L/yr. The
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measurements were obtained from the floor of Sediment Trap No. 3 and, generally, higher measurements
were obtained from active channel sediments than from inactive channel or floodplain deposits.

JABLE 3.4.4-2
CONCENTRATIONS OF RADIONUCLIDES AND METALS IN SEDIMENT TRAP No. 1°

Radionuclides
Part 1
Gross-Alpha | Gross-Beta $r-90 Sr-89 U-234 U-235
Sample ID pCilg | Unc® | pCig Unc | pCilg | Unc | pCilg | Unc | pCig Unc | pCilg | Unc
Limits of Detection | N.A° | 0.4 3 2 0.1 1 0.02| 0.02| 002 | 3 3 N.A.
BV 58.8 N.A. | 46.1 N.A. | 1.0 N.A. | N.AA. | NA.| 239 | NA. | 0.16| N.A.
FINES-1 32.80| 4.0 | 2950 | 3.4 3.01} 087 | <26 | BDL*| 1.44 | 0.21 | <0.03| BDL
SAND-1 444 | 056 4.16 | 051 | <0.72| BDL | <0.83| BDL | 0.31 | 0.07 [ <0.01| BDL
FINES-2 - 86 12 67.6 7.8 4.51| 0.95 NA N.A.| RP' | N.A. RP | N.A.
SAND-2 N.AA. | NNAL| N.AA. | NAA | NA. | NA [ NA. | NA. | NA. | NA | NA. | NA.
Part 2
U-238 Pu-238 Pu-239/240 Am-241 Cs-137
Sample ID pCilg Unc pCilg Unc pCilg Unc pCilg Unc pCig Unc
Limits of Detection N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
BV 2.29 N.A. 0.006 | N.A. 0.197 | N.A. 0.139 | N.A. 1.28 N.A.
FINES-1 1.58 0.23 295 0.40 8.3 1.0 10.50 0.989 | 27 4.1
SAND-1 0.27 0.06 0.37 0.07 1.29 0.19 1.19 0.241 3.15 0.225
FINES-2 RP N.A. | 10.0 1.2 26.4 3.1 33.87 4.50 57.0 71
SAND-2 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 3.0 0.48
Part 3
Na-22 Co-60 TI-208 Pb-212 Pb-214
Sample ID pClg Unc pCilg Unc pCilg Unc pCilg Unc pCilg Unc
Limits of Detection N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
BV <0.1 N.A. | <0.14 N.A. | 0.906 N.A. 2.36 N.A. 1.97 N.A.
FINES-1 25 3.7 0.309 | 0.062 | 2.2 0.59 2.5 0.56 1.5 0.29
SAND-1 RP N.A. | <0.043 BDL RP N.A. RP N.A. RP N.A.
FINES-2 RP N.A. | <1.2 BDL RP N.A. RP N.A. RP N.A.
SAND-2 N.A. N.A. | <0.03 BDL N.A. N.A. N.A. N.A. N.A. N.A.
a. DOE Oversight Bureau sampling (October 28, 1994)
b. Unc = uncertainty in counting statistics
c. N.A.=notavailable
d. BV = background value (McDonald et al. 1997, 04-0328); values may include 95% UTLs and maximum observed values
e. BDL = below detection limit
f  RP =report pending

Mortandad Canyon Work Plan 3-41 August 1999



a0

Environmental Setting Chapter 3

TABLE 3.4.4-2 (continued)
CONCENTRATIONS OF RADIONUCLIDES AND METALS IN SEDIMENT TRAP No. 1°

Radionuclides
Part 4
Bi-214 Ra-226 Ac-228 Th-234 Th-208
Sample ID pCilg Unc® pCilg Unc pCilg Unc pCilg Unc pCilg Unc
Limits of Detection | N.A.f N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Bv* N.A. N.A. N.A. N.A, 3.3 N.A. | <448 N.A. N.A. N.A.
FINES-1 1.5 0.32 1.5 2.9 1.8 0.45 2.7 0.77 2.2 0.59
SAND-1 RP® N.A. RP N.A. RP N.A. RP N.A. RP N.A.
FINES-2 RP N.A. RP N.A. RP N.A. RP N.A. RP N.A.
SAND-2 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
Metals
Part 1
Sample Ag Al As B Ba Be Ca Cd Cr Co
] ma/kg ma/kg malkg mg/kg ma/kg ma/kg mg/kg mg/kg mg/kg mg/Kg
BV 0.28 13260 3.98 4.1 127 1.31 3850. 0.18 10.5 4.73
FINES-1 <1 5100 2.5 <1 80 0.8 2000 <0.5 6 3
SAND-1 <1 650 <0.5 <1 <10 0.1 220 <0.5 <i <1
FINES-2 <2 4330 2.1 N.A. 92.9 1 2810 <0.2 12 3.2
SAND-2 <2 278 <0.5 N.A. 10.3 <0.2 184 <0.2 041 | <2
Part 2
Sample Cu Fe Hg K Mg Mn Mo Na Ni
1D mg/kg mg/kg mg/kg mg/kg mg/kg mg'kg mg/kg mg/kg mg/kg
BV 9.97 13800 0.03 2690 2130 543 1470 9.38
FINES-1 9 9400 <0.2 900 940 380 1 70 4
SAND-1 <1 1600 <0.2 100 100 62 <1 20 <2
FINES-2 12 7190 <0.025 N.A. 1090 439 <2 127 5
SAND-2 0.87 791 <0.025 N.A. 54.5 93 <2 <50 <5
Part 3
Sample Pb Sb Se Si Sn Sr m v 2
ID ma/kg mg/kg mg/kg mg/kg mg'kg mg/kg mg/kg mg/kg mg/kg
BV 19.7 5 <0.2 3.2 19.7 60.2
FINES-1 13 <6 0.6 580 6 12 <0.5 10 39
SAND-1 1.9 <6 <0.5 200 3 <1 <0.5 1 9
FINES-2 18 <10 <0.05 N.A. <10 N.A. N.A. 10.1 37.4
SAND-2 1.5 <10 <0.5 N.A. <10 N.A. <0.5 < <5
a. DOE Oversight Bureau sampling (October 28, 1994)
b. Unc = uncertainty in counting statistics
¢. N.A. =not available
d BV = background value (McDonald et al. 1997, 04-0328); values may include 95% UTLs and maximum observed values
e. RP =report pending
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TABLE 3.4.4-4
ACTIVITY OF RADIONUCLIDES IN SEDIMENTS AT PRS No. 00-001°

Part 1
U-234 U-235 U-238
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty Uncertainty
Background Value® 2.39 0.16 2.29
05-2075 0-0.5 0405-95-0303 0.76 0.600 0.06 0.015 0.76 0.6
05-2075 2-3 0405-95-0304 0.93 0.075 0.04 0.01 0.91 0.075
05-2076 0-0.5 0405-95-0305 1.36 0.1 0.06 0.01 1.43 0.105
05-2076 2-3 0405-95-0306 0.95 0.075 0.04 0.01 0.97 0.075
05-2077 0-0.5 0405-95-0308 1.34 0.095 0.09 0.015 1.25 0.9
05-2077 2-3 0405-95-0309 0.61 0.5 0.04 0.01 0.60 0.035
05-2078 0-0.5 0405-95-0311 0.68 0.055 0.02 0.005 0.69 0.1
05-2078 2-3 0405-95-0312 0.50 0.045 0.05 0.01 0.50 0.045
05-2079 0-0.5 0405-95-0315 0.74 0.6 0.08 0.015 0.65 0.055
05-2079 2-3 0405-95-0317 0.74 0.6 0.05 0.01 0.75 0.6
05-2080 0-0.5 0405-95-0318 1.04 0.08 0.04 0.01 1.06 0.8
05-2080 2-3 0405-95-0319 1.57 0.1 0.10 0.015 1.47 0.105
05-2081 0-0.5 0405-95-0320 0.92 0.075 0.08 0.015 0.85 0.7
Part 2
Pu-238 Pu-239/240
Location {D | Depth (ft) Sample ID Uncertainty Uncertainty
Background Value 0.006 0.197
05-2075 0-0.5 0405-95-0303 1.95 ’ 0.125 5.48 0.331
05-2075 2-3 0405-95-0304 0.047 0.010 0.043 0.010
05-2076 0-0.5 0405-95-0305 5.7 0.345 14 0.850
05-2076 2-3 0405-95-0306 0.038 0.005 0.117 0.015
05-2077 0-0.5 0405-95-0308 8.41 0.502 22.6 1.35
05-2077 2-3 0405-95-0309 0.208 0.010 0.592 0.011
05-2078 0-0.5 0405-95-0311 0.018 0.005 0.018 0.005
05-2078 2-3 0405-95-0312 0.104 0.015 0.153 0.018
05-2079 0-0.5 0405-95-0315 3.870 0.235 12.1 0.713
05-2079 2-3 0405-95-0317 6.74 0.402 1.98 0.115
05-2080 0-0.5 0405-95-0318 7.48 0.450 28.3 1.65
05-2080 2-3 0405-95-0319 6.39 0.385 36.1 212
05-2081 0-0.5 0405-95-0320 2.08 0.135 7.85 0.471

a Preliminary RFl sampling in pCi/lg
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values
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TABLE 3.4.4-4 (continued)
ACTIVITY OF RADIONUCLIDES IN SEDIMENTS AT PRS No. 00-001°

Part 1
U-234 U-235 U-238
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty Uncertainty
Background Value® 2.39 0.16 2.29
05-2081 2-3 0405-95-0321 0.43 0.04 0.01 0.005 0.45 0.045
05-2082 0-0.5 0405-95-0322 0.92 0.7 0.02 0.005 0.91 0.7
05-2082 2-3 0405-95-0323 0.75 0.6 0.05 0.01 0.72 0.6
05-2083 0-0.5 0405-95-0324 0.89 0.7 0.04 0.01 1.04 0.8
05-2083 2-3 0405-95-0325 0.33 0.035 0.02 0.005 0.27 0.03
05-2084 0-0.5 0405-95-0326 0.75 0.065 0.05 0.01 0.73 0.6
05-2084 2-3 0405-95-0327 0.45 0.04 0.03 0.005 0.49 0.045
Minimum | 0.33 0.01 0.27
Maximum 1.57 0.10 1.47
Mean 0.78 0.04 - 1.74
Part 2
Pu-238 Pu-239/240
Location ID | Depth (ft) Sample ID Uncertainty Uncertainty
Background Value 0.006 0.197
05-2081 2-3 0405-95-0321 0.134 0.015 0.214 0.022
05-2082 0-0.5 0405-95-0322 4.33 0.265 12.7 0.754
05-2082 2-3 0405-95-0323 0.314 0.028 0.914 0.065
05-2083 0-0.5 0405-95-0324 0.221 0.022 1.15 0.078
05-2083 2-3 0405-95-0325 0.011 0.005 0.011 0.005
05-2084 0-0.5 0405-95-0326 7.35 0.435 2.45 0.151
05-2084 2-3 0405-95-0327 0.43 0.035 0.401 0.016
Minimum 0.011 0.01
Maximum 8.410 36.10
Mean 0.617 1.121
a. Prefiminary RFI sampling in pCi/g
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values

Samples collected from the clean-out piles adjacent to Sediment Trap No. 1 (Location ID Nos. 05-2078 and
05-2082) show inconsistent analytical results. The samples collected from the east side of the large clean-
out pile located southwest of Sediment Trap No. 1 (Location ID No. 05-2078) contained 0.018 pCi/g of
239p|; at the surface and 0.15 pCi/g of 2*Pu at depth; both values were below the background values (BVs).
" However, at Location ID No. 05-2082 the surface sample contained 12.7 pCi/g of ?**Pu, and the 2- to 3-ft
(0.61- to 0.91-m) sample contained 0.91 pCi/g. This clean-out pile probably represents the contaminated
sediment material that was cleaned from the bottom of the sediment trap, whereas the larger
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clean-out pile southwest of the sediment trap may contain alluvial material from clean out and enlargement
of Sediment Trap No. 1 in 1992. The base of this large pile was not sampled, but it may contain
contaminated sediment from the sediment trap that was removed before the sediment trap was deepened.

Two of the samples (Location 1D Nos. 05-2079 and 05-2080) were collected from locations of old
sediment traps that had filled and have been abandoned. Location ID No. 05-2079 was in the old trench
sediment trap that now serves as the channel between Sediment Trap No. 1 and Sediment Trap No. 2.
Some of the sediments from this old sediment trap have probably been eroded by overflow from
Sediment Trap No. 1 and have presumably been redeposited into Sediment Trap No. 2. The surface
sample at this location contained 3.87 pCi/g of 23py; and 12.1 pCi/g of 2*°Pu, and the sample collected
from the 2- to 3-f (0.61- to 0.91-m) depth interval contained 6.74 pCi/g of 238py and 1.98 pCi/g of 29Pu.
Location ID No. 05-2080 was in the old pond sediment trap south of Sediment Trap No. 2. The samples
contained up to 36.1 pCi/g of 2°Pu at the 2- to 3-ft (0.61- t0 0.91-m) depth interval, which was the highest
activity of radionuclides observed at this PRS. These data show that sediment retained in the old
sediment traps contains relatively higher activities of radionuclides, which is consistent with the TA-50
RLWTF discharge history; higher activities of radionuclides were discharged during the early 1980s (see
Figure 2.4.6-1 in Chapter 2 of this work plan) when the old sediment traps were used.

Location 1D No. 05-2081 was in the outflow area downstream from Sediment Trap No. 3. Samples
collected from the 0 to 0.5-ft (0 to 0.15-m) depth interval contained 2.08 pCi/g of 238py and 7.85 pCi/g of
23py, whereas the samples collected from the 2- to 3-t (0.61- to 0.91-m) depth interval contained only
0.13 pCi/g of 2%*Pu and 0.21 pCi/g of #*°Pu. The surface sampies probably contain sediment deposited
from overflow of the sediment traps in 1987 and 1991, whereas the deeper samples have been exposed
to little, if any, discharge.

Location 1D No. 05-2083 represents the floodplain/overbank alluvial material upstream from the sediment
traps and south of the channel. The channel in this area is incised about 5 ft (1.5 m) into the alluvium;
therefore, no recent streamflow appears to have occurred at this sampling location. The area appears to
be normally vegetated and relatively undisturbed by recent flooding. The sample collected from the O to
0.5-ft (0 to 0.15-m) depth interval from this location contained 0.22 pCi/g of 2°®Pu and 1.15 pCi/g of **Py,
and the sample collected from the 2- to 3-ft (0.61- to 0.91-m) depth interval contained 0.011 pCi/g of **Pu
and 0.011 pCi/g of ?*Pu. These results indicate that the floodplain surface of the alluvium has been
exposed to contaminated overbank streamflow, but the sediment material at the 2- to 3-ft (0.61- to 0.91-m)

depth interval has not.

The results of the analyses for metals are shown in Table 3.4.4-5. One sample from the surface of
Sediment Trap No. 3 contained concentrations of chromium, copper, mercury, selenium, and zinc greater
than the BSVs. A total of nine samples from seven locations contained concentrations of mercury greater
than BSVs, and all samples collected from the old sediment traps (Location ID Nos. 05-2079 and 05-2080)
contained mercury concentrations greater than BSVs. All other samples containing elevated mercury
concentrations were surface samples. A sample collected from one of the old sediment traps contained
concentrations of silver about 11 times the BSV. Similarly elevated concentrations of mercury and silver
were noted in the sediments downstream of the TA-50 RLWTF outfall (see Section 3.4.4.2.1) but have
not been observed in the sediments downstream of the cooling water outfalls at the head of Effluent

Canyon at TA-48.

Results of sediment sampling and analyses at PRS Nos. 48-007(a and d) and 48-010 did not show
mercury concentrations greater than 0.07 mg/kg (LANL 1997, 55326), which suggests that mercury (and
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possibly other metals) in Mortandad Canyon may have resulted from historic discharges from the former
incinerator at former TA-42 or from the TA-50 RLWTF.

TABLE 3.4.4-5
CONCENTRATIONS OF METALS IN SEDIMENTS AT PRS No. 00-001°

Part 1

Location

1D Depth (ft) Ay Al As Ba Be Ca Co Cr Cu Fe

Background Value® 0.28 13260 3.98 127 1.31 | 3850 4.73 10.5 9.97 | 13800
Max x Background [ 11.43 0.59| 0.80 0.82) 0.92 0.78 | 0.78 1.13 1.50 0.93
05-2075 0.5 BDL® 2520 1.5 31.7 | 042 795 1.31 2.1 2.65| 7197
05-2075 3 BDL 3650 1.9 51 0.71| 1250 2 2.8 2.2 7850
05-2076 0.5 BDL 5600 2.5 839 |1 2880 3 6.8 10.3 | 10100
05-2076 3 BDL 4610 1.9 65.9 | 0.96 | 1770 2.2 3.6 3 8840
05-2077 0.5 0.15 7860 3.2 104 1.2 | 3000 3.7 11.9 15 12900
05-2077 3 BDL 1390 0.63 16.7 | 0.42 | 377 0.86 1.5 0.43 | 5330
05-2078 0.5 BDL 2860 1.5 43.1 | 0.62| 901 1.6 2 2 6540
05-2078 3 BDL 2160 0.98 26.8 | 0.43] 713 1.1 2.9 1.2 4980
05-2079 0.5 BDL 2810 1 39.5 | 0.51 | 1670 1.4 3.7 6.2 5510
05-2079 3 BDL 3550 1.4 44.7 | 0.53 | 1420 1.7 4.6 5.6 6000
Part 2

Location

1D Depth (ft) Hg K Mg Mn Na Ni Pb Se v Zn

Background Value 0.03 2690 2130 543 1470 9.38 | 19.7 | <0.2 19.7 60.2
Max x Background 5.00 0.51 0.70 0.87 0.08 | 0.70 | 0.95 | 4.05 0.66 1.00
05-2075 0.5 BDL 476 421 341 68.6 1.7 9.6 0.60 7.7 45.6
05-2075 3 BDL 566 657 315 68.1 2.9 8 0.81 6.8 38
05-2076 0.5 0.05 1150 1060 444 72.6 4.9 15 0.6 9.7 51.8
05-2076 3 BDL 732 808 374 88.4 3.7 10.1 BDL | 7.9 39.7
05-2077 0.5 0.1 1360 1490 472 114 6.6 18.7 0.55| 13.1 60.3
05-2077 3 BDL 264 237 172 41.2 1.3 4.4 BDL 3.4 28.5
05-2078 0.5 BDL 594 531 276 46.4 2.3 7.3 BDL 5.5 31.7
05-2078 3 BDL 400 395 192 49.8 2.3 5.3 BDL 3.9 25.1
05-2079 0.5 0.04 538 548 217 50.1 2.4 8 BDL 5.2 29.2
05-2079 3 0.09 611 602 240 68.5 3.2 9.5 BDL 55 29.5

a Preliminary unpublished results from Field Unit 4 in mg/kg

b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values

¢. BDL = below detection limit
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TABLE 3.4.4-5 (continued)
CONCENTRATIONS OF METALS IN SEDIMENTS AT PRS No. 00-001°

Part 1
Location
ID Depth (ft) Ay Al As Ba Be Ca Co Cr Cu Fe
Background Value® 0.28 13260 3.98 127 1.31 | 3850 473 10.5 9.97 | 13800
Max x Background | 11.43 0.59{ 0.80 0.82| 0.92 0.78 | 0.78 1.13 1.50 0.93
05-2080 0.5 BDL® 4210 1.8 64.4 | 0.72] 2710 2.2 5.5 12.1 7410
05-2080 3 3.2 5330 2 85.3 | 0.87 | 2470 3 7.8 14.8 | 9110
05-2081 0.5 BDL 2710 0.94 342 | 0.53| 988 1 2.7 4.7 5780
05-2081 3 BDL 1040 0.42 11.9 | 0.28 | 288 0.56 2 0.26 | 3590
05-2082 0.5 BDL 3580 1.7 49.2 | 0.66 | 1690 1.8 5.1 7.7 6670
05-2082 3 BDL 2360 1.1 34.6 | 0.55| 1000 1.1 3.3 1.9 5680
05-2083 0.5 BDL 5340 2.1 949 | 0.68| 1790 3.4 4.6 4.7 8010
05-2083 3 BDL 1050 BDL 13.8 | 0.26| 244 0.57 2.6 0.17 | 3050
05-2084 0.5 BDL 2640 0.62 33.8 | 0.49 | 1110 1.1 3.2 5.2 4770
05-2084 3 BDL 1790 0.6 226 | 0.36| 619 1.1 2.8 1.1 5120
Minimum | 0.15 1040 0.42 11.9 | 0.26| 244 0.56 1.5 0.17 | 3050
Maximum | 3.2 7860 3.2 104 1.2 | 3000 3.7 11.9 15 12900
Geometric Mean | 0.6928 | 2936 1.2846 | 40.18| 0.56 | 1112 1.51303| 3.5584 | 2.9 6363
Part 2
Location
ID Depth (ft) Hg K Mg Mn Na Ni Pb Se v n
Background Value 0.03 2690 2130 543 1470 9.38 | 19.7 | <0.2 | 19.7 60.2
Max x Background | 5.00 0.51 0.70 0.87 0.08 | 0.70 | 0.95 | 4.05 0.66 1.00
05-2080 0.5 0.07 1020 872 31 58.9 4 11.4 BDL 7.6 39
05-2080 3 0.15 959 1040 341 93.4 6.5 | 15.9 BDL | 10.6 52.6
05-2081 | 0.5 BDL 533 551 249 52.4 2.2 7.2 BDL 4.4 32.7
05-2081 | 3 BDL 199 162 115 34.3 1.4 2.6 BDL 24 19
05-2082 | 0.5 0.06 758 672 262 56.4 3.3 9.4 BDL 6.5 33.9
05-2082 |3 BDL 480 420 239 53.9 2.7 6.5 BDL 45 | 29.2
05-2083 | 0.5 0.08 1370 1170 299 45.8 44 |123 0.73 | 11 28
05-2083 {3 BDL 216 176 100 31 1.8 2.6 BDL 2.2 15.2
05-2084 | 0.5 0.07 561 499 174 40.7 2.2 6.9 BDL 4.2 23.9
05-2084 |3 BDL 330 344 170 37.3 2 4.5 BDL 42 | 27.6
Minimum | 0.04 199 162 100 31 1.3 2.6 055 22 15.2
Maximum | 0.15 1370 1490 472 114 6.6 | 18.7 0.81} 13.1 60.3
Geometric Mean | 0.0736 | 570 541.36 | 246 55.3 2.8 7.7 065| 5.7 323

a Preliminary unpublished results from Field Unit 4 in mg/kg
b. Background data from McDonald et al. 1997, 04-0328; values may include 95% UTLs and maximum observed values

c. BDL = below detection limit
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Figure 3.5.3-10.

Distribution of tritium, gross-alpha and -beta, total uranium, and
moisture content in borehole MCM-5.9A.
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Figure 3.5.3-11.

Distribution of americium, plutonium, and strontium in borehole
MCM-5.9A.
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minimal contamination in the upper alluvium indicates that infiltration amounts have been minimal at this
location, which is consistent with observations that contaminated surface flow does not regularly extend
this far downstream (see Section 3.7). Activities of tritium increase sharply with depth at 54 ft (16.5 m),
probably due to underflow of contaminated alluvial groundwater discharging to the subcropping Cerro
Toledo interval at this location. The vertical extent of tritium migration into bedrock units at this location is
unknown because background conditions had not been reached at the bottom of the borehole.
Gravimetric moisture content fluctuates with depth and correlates approximately with the tritium activities.
The highest moisture contents occur within the Cerro Toledo interval at 104 ft (31.7 m). This zone of high
moisture content may correlate to similar zones observed near the base of the Cerro Toledo interval in
boreholes for moisture access tubes MCM-5.1 and MCM-5.9A.

Stoker et al. (1991, 7530) did not report concentrations of nitric acid-extractable uranium; therefore, a
comparison with background uranium concentrations is not possible. Concentrations of total uranium
range from 2.5 to 7.0 ppm (Stoker et al. 1991, 7530) and appear to correlate with lithology; the highest
values are observed in the Cerro Toledo interval and the Otowi Member, which is consistent with
observations in boreholes for moisture access tubes MCM-5.1 and MCM-5.9A.

Figure 3.5.3-13 shows the distributions of 241 Am, 197 Cs, 238Py, and 2****°Pu activities with depth. Activities of
plutonium isotopes are generally within background levels, which indicates that plutonium has been
sorbed onto sediments upstream. Activities of measurable 2*'Am (2 0.001 pCi/L) range from 0.004 to
0.057 pCilg (Stoker et al. 1991, 7530). Americium-241 activities range from nondetection to 0.6 pCi/g in
samples collected from the surface to a depth of about 165 ft (50.3 m) within the Otowi Member (Stoker et

al. 1991, 7530).

Activities of measurable '¥Cs (variable detection limits) range from 0.063 to 0.226 pCi/g. The radionuclide
137Cs strongly adsorbs onto soils and sediments in the Los Alamos area (Kung et al. 1995, 56044); the
highest activities of this isotope are found in stream channel and floodplain deposits within Mortandad
Canyon (Environmental Protection Group 1995, 50285). Activities of *Sr are generally less than detection
limits in core samples from this borehole (Stoker et al. 1991, 7530), which suggests that subsurface
contamination by this isotope is minimal at this location.

3.5.3.4 Boreholes for Wells SIMO and SIMO-1

Wells SIMO and SIMO-1 are located in Mortandad Canyon on San lidefonso Pueblo land about 100 ft
(30.5 m) from the Laboratory boundary. The contact between the alluvium and the Cerro Toledo interval
has been reinterpreted to occur at about 51 ft (15.5 m) in borehole SIMO (Stoker et al. [1991, 7530]
reported that the contact was at 11 ft [3.4 m]). Alluvial groundwater was not encountered in borehole
SIMO (Stoker et al. 1991, 7530). The Tshirege Qbt 1g unit was reported by Stoker et al. to be present
from 11 to 47 ft (3.4 to 14.3 m) but, after reinterpretation, the presence of this unit at this location is
questionable. Borehole SIMO was drilled to a total depth of 104 ft (31.7 m), which has been
reinterpreted to be within the Cerro Toledo interval. Well SIMO-1 was installed adjacent to SIMO by the
Bureau of Indian Affairs for San lidefonso Pueblo in 1992; the borehole for this well is reinterpreted to
have encountered the Otowi Member at a depth of 118 ft (36.0 m). Core samples from borehole SIMO-1
were not analyzed. Additional information about wells SIMO and SIMO-1 is presented in Appendix D of

this work plan.
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Figure 3.7.2-3. Alluvial groundwater levels after the sediment traps filled with water.
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Well MT-1, 125 ft (38.1 m) east of the three sediment traps, showed an increase of approximately 4 ft

(1.2 m) in the water level after the initial filling of the sediment traps. During the subsequent five days
without precipitation, the water level remained constant when the water levels at MCO-7 and MCO-7A
were declining. When the sediment traps filled the second time in early August, the water level increased
another 3 to 4 ft (0.91 to 1.2 m), with perhaps a one- or two-day time lag behind MCO-7. The water level
continued to rise an additional 2 ft (0.61 m) at MT-1 during most of August (when MCO-7 and MCO-7A
levels were relatively constant) and did not begin to decline until the end of August.

The water level responses at well MCO-7.5, located approximately 325 ft (99 m) east of the sediment traps,
were similar to those observed at MT-1, although the initial water level rise was much slower and delayed
approximately one or two days. However, the water level continued to rise at MCO-7.5 through August,
probably due to recharge of water from the sediment traps. The peak water levels at wells MT-1 and
MCO-7.5 were observed near the end of August, after which the water levels began to decline about the
same time in both wells.

The rise in groundwater levels resulting from the infiltration at the sediment traps was also observed in well
MT-4, located approximately 1300 ft (396 m) east of well MT-1. The record of the water levels during this
period is not complete for this well, but the peak water level was observed approximately 35 days after the
peak levels were observed at MT-1 and MCO-7.5. The water level rose approximately 8 ft (2.4 m) at MT-4
and did not decline for several weeks. These water level data indicate that the groundwater mound
traveled downgradient through the alluvium east of the sediment traps at a rate of approximately 31 to 37

ft/day (9.4 to 11.3 m/day).
3.7.2.3 Recent Alluvial Groundwater Level Observations

Table D-5 in Appendix D of this work plan lists water level data that have been obtained since 1995. Most
water level data are acquired during routine ESH-18 environmental surveillance sampling of the wells;
however, many water level measurements have recently been obtained by the NMED Oversight Bureau.
Figure A-3 in Appendix A of this work plan shows the extremes in recent water levels of the alluvial
groundwater. Figure 3.7.2-4 shows recent alluvial groundwater levels.

Figure A-3 in Appendix A of this work plan also shows transverse cross sections of the alluvium-filled
channel at the lines of wells where information about the shape of the channel is known. The aliuvial
groundwater is confined in the lower portion of the alluvium within the V-shaped channel in the upper and
middle canyon and in the U-shaped channel in the lower canyon. The width of the saturated zone in the
V-shaped channel at the MCO-5 and MCO-6 lines is approximately 100 ft (30.5 m), whereas the probable
width of the saturated zone in the lower canyon at the MCO-8 line is approximately 200 ft (61.0 m). The
gradient of the surface of the alluvial groundwater in the middle canyon from MCO-4 to near MCO-5 is less
than 3%, in the MCO-6 and MCO-7 area approximately 4%, and in the MCO-8 area approximately 3%.
Historically, MCO-13 has been dry. However, NMED DOE OB detected groundwater in this well in both

1996 and 1997 (Table D-5).

Near the sediments traps, the gradient of the alluvial groundwater increases markedly. The water level
elevation drops 30 ft between wells MCO-7.1 and MCWB-7.2, a distance of 220 ft (67 m), for a 13%
gradient (see Figure 3.7.2-4). The cause of the lower water levels below the sediment traps is unknown,
but two possible causes could explain this occurrence. One is that, at the time of erosion of the canyon
and before deposition of sediments in the canyon, a plunge pool or nick point may have formed at this
location. A plunge pool or nick point could have resulted from the erosion of softer Cerro Toledo interval
sediments from beneath the Tshirege Qbt 1g unit. Subsequent deposition of alluvial sediments along this
part of the canyon could have buried the plunge pool. However, nick points and plunge pools have not
been observed at the contact of these units in other locations on the Pajarito Plateau.
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approximately 70 ft (21.3 m) per mile when the well was installed; a similar gradient was noted using 1993
water level data (Rogers et al. 1996, 54714). The hydraulic gradient of the regional aquifer averages
approximately 60 to 80 ft (18.3 to 24.4 m) per mile within the Puye Formation. Along the eastern edge of
the Pajarito Plateau, as the water in the aquifer enters the less permeable sediments of the Santa Fe
Group, the hydraulic gradient increases to 80 to 100 ft (24.4 to 30.5 m) per mile. The rate of movement of
water in the upper section of the aquifer varies depending on the stratigraphy. Aquifer tests indicate that
movement ranges from 20 ft/yr (6.1 m/yr) in the Tesuque Formation to 345 ft/yr (105 m/yr) in the more
permeable Puye Formation (Purtymun 1984, 6513).

The age of the regional aquifer groundwater has been estimated using "C and tritium dating methods.
The C data suggest that older water is found near the Rio Grande and that younger water is present
under the central Pajarito Plateau. Recent investigations suggest that the regional aquifer water near the
Rio Grande is recharged from the Sangre de Cristo Mountains and that a groundwater divide is present
within the aquifer west of the Rio Grande (Rogers et al. 1996, 54714).

In October 1992 the Laboratory once again began measuring and recording water level fluctuations in test
wells completed into the regional aquifer. These data are automatically recorded at hourly intervals using
calibrated pressure transducers (Environmental Protection Group 1995, 50285). Measurements at TW-8
commenced in June 1993, and the data for November 1, 1994, through October 17, 1995, are shown in
Figure 3.7.4-2. Data from hourly measurements show a fluctuation of approximately 0.2 to 0.5 ft (61 to 152
cm) during a given seven-day period; the hourly amplitudes and frequencies of fluctuations vary from
month to month. The water level fluctuations may be related to pumping of nearby municipal and industrial
supply wells, such as well PM-5 located approximately 2000 ft (610 m) south of TW-8.

Samples have been routinely collected and analyzed, and water levels have been measured from TW-8
for environmental monitoring purposes. The results of analyses for major ions and radionuclides are
summatrized in Figure 3.7.4-3, Figure 3.7.4-4, and Figure 3.7.4-5.

On December 6, 1993, TW-8 was sampled as part of the routine environmental monitoring program. The
well had been out of service since 1991 because of pump failure. In October 1992 a submersible pump
was installed to sample regional aquifer water. The previous sample collected in 1991 did not show
measurable tritium (Environmental Protection Group 1995, 50285); however, the earlier measurements of
tritium from TW-8 used a less sensitive technique that could not detect tritium at activities less than
approximately 700 pCi/L (0.7 nCi/L). The activity of tritium measured in samples collected in December
1993 using low-detection-limit tritium analysis techniques was 89.4 + 0.29 pCi/L. This result, although not
significant for health purposes (the EPA maximum contaminant level for tritium is 20,000 pCi/L) shows the
presence of recent recharge to the regional aquifer, possibly from the alluvial groundwater in Mortandad
Canyon (Gallaher 1995, 54716).

In recent years tritium activities in the alluvial groundwater 930 ft (283 m) above the regional aquifer near
TW-8 have been 100,000 to 500,000 pCi/L (100 to 500 nCi/L); in the mid-1970s activities ranged as high
as 4,000,000 pCi/L (4,000 nCi/L) (see Section 3.8.3). The results of low-detection-limit tritium analysis
obtained in 1993 are not necessarily inconsistent with the tritium activities previously obtained; therefore,
it cannot be determined where or when tritiated surface water has reached the regional aquifer. Gallaher
(1995, 54716) proposed three possible pathways for tritium to reach to the regional aquifer.

. Alluvial groundwater could migrate down the well bore of TW-8, especially considering that the
borehole was drilled by cable tool. The casing was cemented in place to a depth of 62 ft (18.9 m)
when the well was completed in 1960; however, the integrity of the seal may be questionable
after more than 35 years '

. Water could migrate through fractures or faults as saturated flow.
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Figure 3.7.4-3.

Cation concentrations and pH in the regional aquifer at TW-8.
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Figure 3.7.4-4. Total dissolved solids and anion concentrations and specific

conductance in the regional aquifer at TW-8.
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Figure 3.7.4-5. Radionuclide activity in the regional aquifer at TW-8.
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. Water could migrate as unsaturated flow through the unsaturated zone. The information available
from the boreholes for moisture access tubes MCM-5.9A and MCC-8.2, as discussed in Section
3.5.3, shows that tritium has migrated downward in the unsaturated zone to a depth of at least 150
ft (45.7 m) beneath the alluvial groundwater.

In 1994 the tritium activity in the regional aquifer at TW-8 was measured using the less-sensitive technique
to be -100 = 300 pCi/L (detection limit 400 pCi/L); in 1995 the activity was measured at -100 + 300 pCi/L
(detection limit 300 pCi/L) (Environmental Protection Group 1996, 54769; Environmental Surveillance
Program 1996, 55333). Based on these analyses, the results of the 1993 low-detection-limit analysis

could not be confirmed.

In 1994 TW-8 showed an increase in nitrate (as N) concentration from values of approximately 0.2 mg/L in
previous years to 5.1 mg/L (Environmental Protection Group 1996, 54769). The source of the elevated
nitrate in samples of the regional aquifer collected from TW-8 is not known, but the alluvial groundwater in
Mortandad Canyon is a likely source. However, the possibility of sampling and/or analytical error exists.
During the early 1990s nitrate was typically observed in the alluvial groundwater in concentrations of
approximately 40 to 50 mg/L; during the 1980s the nitrate concentrations in the alluvial groundwater were
typically more than 100 mg/L (see Section 3.8.1). In 1995 the concentration of nitrate from TW-8 was 0.25
mg/L, which indicates that either the source of contaminated water to the regional aquifer may not be
continuous or the previous year's measurement was erroneous.

The routine sampling and analyses of TW-8 in 1994 also showed an anomalous activity of 2°2*°Pu of 0.188
+ 0.032 pCi/L (Environmental Protection Group 1996, 54769). Previous years’ results for 2%2°Pu were
typically less than 0.01 pCi/L (detection limit 0.02 pCi/L) (Figure 3.7.4-5). The results obtained in 1995 for
238240p; were -0.007 + 0.016 pCi/L (detection limit 0.04 pCi/L) (Environmental Surveillance Program 1996,
55333), which suggests that the results obtained in 1994 for both nitrate and **2*°Pu may not have
represented the regional aquifer water.

In response to the 1994 findings, ESH-18 personnel conducted time series sampling of TW-8 in July
1995. The normal sampling procedure for wells is to collect a water sample after purging at least three well
volumes of water to ensure that stagnant water in the well casing and the surrounding formation has been
removed and to insure that the sample represents in situ formation water. In July 1995 regional aquifer
water samples were collected during purging of 0, 1, 2, 3, 4, 5, 7, 10, and 15 well volumes (220 gal.

[833 L] per well volume). The samples were analyzed for chloride, nitrate (as N), %Gr, and low-detection-
limit tritium (Environmental Surveillance Program 1996, 55333).

The results of the time series sampling and analyses are shown in Figure 3.7.4-6. The initial tritium activity
was approximately 15 pCi/L, which suggests influence of contaminated surface water or alluvial
groundwater at the depth of the regional aquifer (Environmental Surveillance Program 1996, 55333). The
activity of tritium decreased with continued pumping, which suggests that formation water surrounding the
well contained lower activity of tritium than the water initially sampled from the well.

One mechanism by which the high initial tritium activities could occur is leakage down the well bore from the
alluvium. The activity of tritium in the alluvial groundwater in Mortandad Canyon in 1995 was approximately
20,000 pCi/L (Figure 3.3.3-6). The activity of tritium observed in the initial well sample could be produced if
only 0.2 gal. (0.8 L) of alluvial groundwater migrated down the well bore and mixed with approximately 200
gal. (757 L) or approximately 1 well bore volume (mixing ratio 1:1000) of formation water.

Multiple hypotheses are being considered to account for the contaminants periodically detected by the
Environmental Surveillance Program in TW-8. These hypotheses include leakage of contaminants down
the annulus of TW-8 and recharge of the regional aquifer by shallow groundwater. Installation of regional
wells as outlined in Chapter 7 should resolve these issues.
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Figure 3.7.4-6. Results of time series sampling and analysis of TW-8.

That same rate of migration of alluvial groundwater down the well bore would result in concentrations of
chloride and nitrate within the range of regional background levels observed in the regional aquifer.
Sufficient amounts of *Sr would not be available to raise the activity of the regional aquifer above
detection limits. Therefore, dilution of alluvial groundwater containing chloride and nitrate would produce
concentrations similar to those normally observed in the regional aquifer; moreover, no decrease in
concentration with purging would be expected. This model is consistent with the observed time series
sampling and analysis results, which are shown on Figure 3.7.4-6. Therefore, the hypothesis of leakage of
water down the well bore cannot be ruled out, especially when considering the concerns expressed by
Baltz et al. (1963, 8402, p. 51) after the well was installed that leakage around the surface casings might
occur.

Purtymun (1984, 6513) summarized the hydraulic characteristics of the regional aquifer that were
determined during aquifer tests or during periods of production from supply wells and test boreholes.

3.7.5 Data Requirements for Understanding the Hydrogeology of Mortandad Canyon

The lithology and stratigraphy of the alluvium and the bedrock units needs to be better understood to
adequately characterize the hydrogeological system and to provide input to hydrogeologic models. Data
on the lithology, stratigraphy, and hydraulic properties (including bulk density, porosity, saturated
hydraulic conductivity, and matric potential) are needed.
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The presence of saturated zones beneath the alluvium in Mortandad Canyon needs to be investigated by
drilling boreholes to characterize the Bandelier Tuff and underlying units to the regional aquifer. If
saturation is found in the Cerro Toledo interval or the Guaje Pumice Bed, investigations to determine the
source and fate of the water should be considered.

Water samples will be collected from the alluvial groundwater, the regional aquifer, and any other saturated
zones encountered. The samples should be both filtered in the field and unfiltered to provide appropriate
data on dissolved and suspended constituent concentrations. Analyses for colloidal materials are needed
to provide data on possible colloidal transport of contaminants.

The pump in TW-8 should be relocated to within 20 ft (6.1 m) of the water level to sample water from the
upper part of the regional aquifer. Time series sampling (48 hours) should be conducted for analysis of
inorganic chemicals and radionuclides.

3.8 Geochemistry of Surface Water and Groundwater in Mortandad Canyon

The purpose of this section is to discuss the geochemistry of surface water, alluvial groundwater, and
regional aquifer groundwater within Mortandad Canyon. Since 1961, ESH-18 (or predecessor) personnel
have routinely collected unfiltered water samples from various alluvial wells: currently wells MCO-3, MCO-4,
MCO-4B, MCO-5, MCO-6, MCO-7, and MCO-7.5. Samples of the TA-50 RLWTF discharge are collected by
TA-50 personnel as part of NPDES compliance monitoring. Average annual concentrations of constituents
in the discharge are reported by TA-50 and ESH-18 personnel and are provided here for comparison with
surface water and groundwater quality data.

As discussed in Section 2.4.6 in Chapter 2 of this work plan, during the 1980s the volume of water
discharged from the TA-50 RLWTF decreased; however, concentrations of chloride, nitrate, and other
constituents increased. Therefore, the total masses of solutes discharged from the TA-50 RLWTF
remained fairly constant over time.

Historically, GS-1 has been the only semicontinuously operated surface water gaging station in Mortandad
Canyon. (GS-2 was operated for brief periods only, and gaging stations installed in 1995 and 1996 in
lower Mortandad Canyon have not recorded flows as of May 1997, see Section 3.6.) Surface water
samples are collected and analyzed routinely in Mortandad Canyon only at GS-1. At times of routine
sampling, the surface water usually is from a mix of sources, primarily storm runoft with lesser amounts of
cooling water and TA-50 RLWTF discharges. All surface water flowing past GS-1 recharges alluvial
groundwater within 1000 ft (305 m) east of the gaging station. For this reason, the data for surface water
and alluvial groundwater are presented together in this section.

This discussion focuses on temporal variations in major ion chemistry, uranium, and radionuclide
distributions in alluvial groundwater and the regional aquifer. This discussion also provides an
interpretative summary of geochemical modeling using analytical results from filtered samples collected
quarterly during 1995 in a special ESH-18 study (Environmental Surveillance Program 1996, 55333).

3.8.1 Major lons and Total Dissolved Solids in Surface Water and Groundwater
The major cations in surface water and alluvial groundwater include calcium, magnesium, potassium, and

sodium; the major anions include bicarbonate, chloride, fluoride, nitrate, and sulfate. Total dissolved solids
(TDS) concentration is the summation of all separately-measured dissolved species.
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Concentrations of total calcium in surface water at GS-1 and alluvial groundwater from 1973 to 1995 are
shown in Figure 3.8.1-1. Concentrations range from less than 10 to 210 mg/L; most concentrations are
less than 65 mg/L. During 1987, 1990, and 1991 the highest concentrations were measured at GS-1 and
MCO-3. Concentrations are less than 65 mg/L at wells MCO-4, MCO-5, MCO-6, MCO-7, MCO-7.5, and
MCO-8. Variations in calcium concentrations in alluvial groundwater could be due to variable amounts of
calcium-bearing suspended material (clay minerals and calcium carbonate) as well as variable dissolved
calcium (Ca%). The TA-50 RLWTF discharge contains sufficient concentrations of calcium and bicarbonate
for calcium carbonate to precipitate in alluvial groundwater.

Concentrations of total magnesium in surface water at GS-1 and alluvial groundwater from 1973 to 1995
are shown in Figure 3.8.1-2. Concentrations fluctuate at GS-1 and along the groundwater flow path in
Mortandad Canyon, ranging from less than 1 mg/L to 4.5 mg/L, whereas in 1993 concentrations in alluvial
groundwater as high as 20 mg/L were reported in MCO-7. Variations in total magnesium concentrations in
alluvial groundwater could be due to magnesium-bearing suspended material (clay minerals) as well as
variable dissolved magnesium (Mg?).

Concentrations of total sodium in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial
groundwater from 1960 to 1995 are shown in Figure 3.8.1-3. Concentrations range from less than 10
mg/L to approximately 1060 mg/L. From 1980 through 1991 the highest concentrations of sodium were
measured in the TA-50 RLWTF discharge. Concentrations are generally less than 350 mg/L in the alluvial
groundwater with occasional spikes to more than 800 mg/L (as in MCO-3 in 1981). In the 1980s the
concentration of sodium in the TA-50 RLWTF discharge increased, whereas volume discharged
decreased (see Figure 2.4.6-1 in Chapter 2 of this work plan), and the total annual mass of sodium
discharged did not change significantly. A concurrent increase in the concentration of sodium is not
observed in the alluvial groundwater during this period.

Concentrations of total bicarbonate in surface water at GS-1 and alluvial groundwater from 1973 to 1995
are shown in Figure 3.8.1-4. Concentrations fluctuate widely in both surface water and alluvial
groundwater, ranging from less than 70 mg/L to approximately 390 mg/L.. Concentrations greater than
190 mg/L were measured in alluvial groundwater during 1973, 1977, 1980, 1987, 1989, and 1995. In
addition, no pattern in concentrations is observed along the groundwater flow path in Mortandad Canyon.
Variations in total bicarbonate concentrations in alluvia! groundwater could be due to carbonates in the
suspended material as well as variable dissolved calcium and bicarbonate (HCO;).

Concentrations of total chloride in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial
groundwater from 1960 to 1995 are shown in Figure 3.8.1-5. The major source of chloride is probably
hydrochloric acid (HCI) used in laboratories and ferric chioride used in the precipitation of ferric hydroxide
at the TA-50 RLWTF. Concentrations in the TA-50 RLWTF discharge range from less than 20 mg/L to
approximately 180 mg/L; the highest concentrations were measured during 1986, 1987, and 1989.
Concentrations in surface water and alluvial groundwater are uniformly less than 80 mg/L. Uniform
distributions of chloride, a nonsorbing species at neutral pH values, suggest that alluvial groundwater is
hydrodynamically well mixed. In the 1980s the concentration of chloride in the TA-50 RLWTF discharge
increased, whereas the volume discharged decreased (see Figure 2.4.6-1 in Chapter 2 of this work plan),
and the total annual mass of chloride discharged did not change significantly. A concurrent increase in the
concentration of chloride is not observed in the alluvial groundwater during this period.

Total chloride concentrations in alluvial groundwater at MCO-5 and the regional aquifer at TW-8 from 1960
to 1995 are shown in Figure 3.8.1-6. Concentrations at MCO-5 vary widely from 5 mg/L to 67 mg/L during
the period; concentrations in TW-8 range from 2 to 8 mg/L. Background chloride concentrations in the
regional aquifer are typically less than 5 mg/L (Environmental Protection Group 1995, 50285).

Mortandad Canyon Work Plan - 3-121 August 1999



: st
Environmental Setting Chapter 3
m — — R VOO p—p— — —_ B
. - eS| ~ ? L
—8—MCO-3 | ¢
MCO-4 |
e NMCOS | \
——MCO-6 ‘ “
150 @ MCO-7 |- S :
e MCO-7.5 | “
o | = MCO8 |
S e ] \
E \
100 -

1973
1974
1975

i

} 1976
1977
1978
1979
1980
1981

|
L._. SO
Source: Environmental Surveillance Reports

Figure 3.8.1-1. Total calcium in Mortandad Canyon surface water and alluvial groundwater.
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Figure 3.8.1-2. Total magnesium in Mortandad Canyon surface water and alluvial
groundwater.
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Figure 3.8.1-3. Total sodium in the TA-50 RLWTF discharge and Mortandad Canyon
surface water and alluvial groundwater.
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Figure 3.8.1-4. Total bicarbonate in Mortandad Canyon surface water and alluvial
groundwater.
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Figure 3.8.1-5. Total chloride in the TA-50 RLWTF discharge and Mortandad Canyon
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Figure 3.8.1-6. Total chioride in alluvial groundwater and the regional aquifer in
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Concentrations of nitrate (as N) in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial
groundwater from 1961 to 1995 are shown in Figure 3.8.1-7. Concentrations in the TA-50 RLWTF
discharge range from less than 50 mg/L to approximately 490 mg/L. The major source of nitrate is nitric
acid (HNO,) used in laboratories. Concentrations in surface water are significantly less (averaging about 20
mg/L) at GS-1 because of sampling during times of natural precipitation runoff. Concentrations in alluvial
groundwater vary widely from nil to more than 200 mg/L; most concentrations are less than 100 mg/L.
Variations in concentrations in alluvial groundwater through the period are probably due to variable mixing
of discharge with natural runoff. The relatively narrow range of concentrations in alluvial groundwater
compared with the TA-50 RLWTF discharge suggests that the alluvial groundwater is hydrodynamically
well mixed. In the 1980s the concentration of nitrate in the TA-50 RLWTF discharge increased, whereas
the volume discharged decreased (see Figure 2.4.6-1); the total annual mass of nitrate discharged
increased but not proportionally to the increased concentration. A concurrent increase in the
concentration of nitrate is not observed in the alluvial groundwater during this period.

Variation in nitrate (as N) concentrations in alluvial groundwater at MCO-5 and in the regional aquifer at
TW-8 from 1960 to 1995 are shown in Figure 3.8.1-8. Concentrations at MCO-5 vary widely from less than
0.6 mg/L to more than 700 mg/L; concentrations in TW-8 range from 0.02 to 5 mg/L, slightly higher than
background levels in the regional aquifer, which are typically less than 0.1 mg/L (Environmental Protection
Group 1995, 50285). Concentrations above background levels suggest a hydrologic connection
between the regional aquifer and the alluvial groundwater in the Mortandad Canyon area. Similar to
chloride concentrations observed in the two wells, the large differences in nitrate concentrations
observed in MCO-5 and TW-8 suggest that leakage of alluvial groundwater down the TW-8 well annulus (if
it occurs at all) is small and accompanied by substantial dilution (see the discussion in Section 3.7.4).

Concentrations of sulfate in surface water at GS-1 and alluvial groundwater from 1978 to 1995 are shown
in Figure 3.8.1-9. Concentrations range from less than 10 mg/L to approximately 130 mg/L; most of the
values are less than 40 mg/L. The major source of sulfate is probably sulfuric acid (H,SO,) used in
laboratories. Historically, the highest concentrations of sulfate (128 mg/L) have been measured at well
MCO-3. Concentrations are less than 100 mg/L at the other alluvial wells.

Concentrations of TDS in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial groundwater
from 1961 to 1995 are shown in Figure 3.8.1-10. It is important to note that before 1992 water samples for
major cation analyses were field-acidified before filtration in the laboratory. This procedure will tend to bias
the measurements of dissolved calcium and magnesium concentrations high because of dissolution of
any suspended solids present in the sample. The TDS concentrations measured in the TA-50 RLWTF
discharge range from 530 to more than 4000 mg/L; the highest concentrations occurred from 1980 to
1993. However, in surface water and alluvial groundwater TDS concentrations are generally less than
1600 mg/L; east of MCO-3 TDS concentrations are less than 1300 mg/L.

In the 1980s TDS in the TA-50 RLWTF discharge increased, whereas the volume discharged decreased
(see Figure 2.4.6-1 in Chapter 2 of this work plan), and the total annual mass of TDS discharged did not
change significantly. A concurrent increase in TDS was not observed in the alluvial groundwater during
this period.

In October 1996 well MCO-13 was found to contain about 1 ft (0.30 m) of water. The well was bailed dry in
February 1997 and sampled for water quality parameters on May 13, 1997, after the water level recovered
about 2 ft (0.61 m). Water from this depth (105 ft [32.0 m]) in well MCO-13 is probably from the Cerro
Toledo interval, as indicated on Figure A-3 in Appendix A of this work plan. Selected results of the
analyses (listed in Table 3.8.1-1) showed anomalously high chloride (92.3 mg/L), sulfate (319 mg/L), and
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Figure 3.8.1-7. Nitrate in the TA-50 RLWTF discharge and Mortandad Canyon surface
water and alluvial groundwater.
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Figure 3.8.1-8. Nitrate in alluvial groundwater and the regiorial aquifer in Mortandad
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Figure 3.8.1-9. Sulfate in Mortandad Canyon surface water and alluvial groundwater.
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Figure 3.8.1-10. Total dissolved solids in the TA-50 RLWTF discharge and Mortandad
Canyon surface water and alluvial groundwater.
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TABLE 3.8.1-1

ANALYSES OF GROUNDWATER AT MCO-13

AND COMPARISON WITH MAXIMUM CONCENTRATIONS PREVIOUSLY OBSERVED
IN MORTANDAD CANYON ALLUVIAL GROUNDWATER

MCO-13 Previously
May 13, 1997 Observed
Constituent (mg/L)y Maximum (mg/L)
Ba 0.05 +/- 0.01 0.74
Be <0.002 0.003
Cd 0.23 +/- 0.01
Co <0.002 0.060
Cr <0.002 0.051
Cu <0.002
Fe 0.01
Hg <0.005 0.002
Mn 0.43
Ni 0.007 +/- 0.002
Pb <0.002
Sb <0.0005
Se <0.005
Sr (nonradiogenic) 0.65
Zn 20.6 0.5
Ca 199 200
Mg 6.26 8.6
K 14.5
Na 10.4 ' 812
Cl 92.3 80
F 0.44
HCO, 32.2 403
NH, 0.06
NO, <0.02
NO, N 27 Since 1989 <100 NO,; ‘N
PO, <0.05 3.5
SO, 319 130
Sio, 3.81 51
Hardness as CaCO, 523 - 240
TDS 821 1459
Tritium <370 pCilL >10,000 pCi/'L
*Preliminary results obtained from Laboratory group EES-1
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Zn (20.6 mg/L) and anomalously low SiO, (3.81 mg/L) compared with resuits obtained in past years from
alluvial groundwater in Mortandad Canyon. The pH of the water was slightly acidic (6.85). Maximum
concentrations previously observed in the alluvial groundwater were 80 mg/L of chloride, 130 mg/L of
sulfate, and 0.5 mg/L of Zn. The nitrate concentration (27 mg/L [as N]) was within the range of those
observed in the alluvial groundwater during the past decade.

In addition, a sample collected from MCO-13 on February 11, 1997, by NMED DOE Oversight Bureau
personnel contained tritium activity of <390 pCi/L. The 1995 average tritium activity in water from this well
was 18,500 pCi/L. This result suggests that the groundwater sampled did not come from the TA-50
RLWTF discharge.

Solid and solution phase calculations using the computer code MINTEQAZ (Allison et al. 1991, 49930)
were performed using water quality data collected from well MCO-13 (Table 3.8.1-1) to address the
speciation of major cations, anions, and metals and to evaluate mineral stability. This groundwater may
contain anthropogenic solutes such as cadmium, nitrate, and zinc. Results of speciation calculations
suggest that the dominant cation, calcium, is stable as Ca?* (84.9%) and CaSO,° (14.9%). The dominant
anion is sulfate, which is predicted to be stable as SO, (74.8%), MgSQ,° (1.0%), CaSQ,° (22.3%), and
ZnS0,° (1.5%). The nitrate (as N) concentration at 27 mg/L is within the range of nitrate concentrations
recently observed in the alluvial groundwater upstream, but dissimilarities in the concentrations of major
ions rule out upstream water as the source of nitrate in this sample.

Concentrations of cadmium and zinc in the groundwater collected from well MCO-13 are 0.23 and 20.6
mg/L, respectively, which are well above background levels for alluvial groundwater in Los Alamos
Canyon. The maximum historical concentration of zinc observed in the alluvial groundwater associated
with the TA-50 RLWTF discharge is 0.5 mg/L. Therefore, the source of these two metals in the
groundwater at this location does not appear to be the TA-50 RLWTF discharge and is not known.
However, these metal cations may be the result of dissolution of galvanized pipe possibly present within
MCO-13. The dominant species of cadmium and zinc are predicted to occur as Cd?* and Zn?*,
respectively.

The degree of saturation with respect to possible solid mineral phases was also calculated in terms of the
saturation index (SI). The Sl is a measure of the degree of undersaturation or oversaturation of a solid
phase in water [SI = log,, {activity product/solubility product}; at equilibrium SI =0 + 0.5]. These
calculations do not consider rates of reactions; they consider only the thermodynamic feasibility. A
precipitation reaction that is thermodynamically feasible or predicted to be in equilibrium with groundwater
may actually take years to reach equilibrium.

This groundwater sample is predicted by the modeling to be slightly oversaturated (Sl value < +0.5) with
respect to reactive geochemical phases including amorphous Al(OH), and barite (BaSQ,), slightly
undersaturated (Sl value < -0.5) with respect to quartz, and undersaturated (Sl value < -1.0) with respect to
anhydrite, calcite, chalcedony, cristobalite, gypsum, and ZnCO,.H,0. The groundwater collected from well
MCO-13 does not appear to be natural formation water; however, potential sources are not known but,
based on concentrations of cadmium, chloride, sodium, sulfate, tritium, and zinc, this water does not
appear to be derived from the TA-50 RLWTF discharge.

3.8.2 Uranium
Uranium is of interest in Mortandad Canyon because of its history of releases and its mobility under

oxidizing conditions in the presence of complexing ligands including bicarbonate. Distributions of total
uranium (unfiltered samples) in surface water at GS-1 and alluvial groundwater from 1973 to 1995 are
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shown in Figure 3.8.2-1. Concentrations measured at GS-1 have been fairly constant since 1965, ranging
from 1 to 4 ug/L. However, concentrations in alluvial groundwater increased with time until 1987. From
1976 to 1978 and again in 1984 total uranium concentrations greater than 7 ug/L were measured at
MCO-4, MCO-5, MCO-6, MCO-7, and MCO-7.5. Since 1987 concentrations usually have been less than 5

ua/L.
3.8.3 Radionuclides

Activities of total 2'Am in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial groundwater in
Mortandad Canyon from 1967 to 1995 are shown in Figure 3.8.3-1. Activities in the TA-50 RLWTF
discharge range from less than 20 pCi/L to approximately 1000 pCi/L. Activities of 2 Am decrease
significantly to less than 20 pCi/L at GS-1. Activities are also much lower in the alluvial groundwater and
generally decrease along the groundwater flow path. Typical activities of this isotope in unfiltered alluvial
groundwater range from 0.05 to 5 pCi/L.

Activities of ¥Cs in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial groundwater from
1968 to 1995 are shown in Figure 3.8.3-2. Activities in the TA-50 RLWTF discharge range from 20 pCi/L
to approximately 7900 pCi/L. Activities of '¥’Cs decrease to less than 6000 pCi/L at GS-1. Activities are
also much lower in the alluvial groundwater and generally decrease along the groundwater flow path in the
alluvium. Typical activities of this isotope in unfiltered alluvial groundwater range from 0.01 to 100 pCi/L.

Activities of total 2®Pu in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial groundwater from
1968 to 1995 are shown in Figure 3.8.3-3. Activities in the TA-50 RLWTF discharge range from 10 pCi/L
to approximately 500 pCi/L. Activities of ?**Pu decrease to between 0.2 and 150 pCi/L at GS-1. Activities
are also much lower in the alluvial groundwater and generally decrease, with fluctuation, along the
groundwater flow path in the alluvium. Activities of this isotope measured at MCO-7.5 typically are less
than 1 pCi/L in unfiltered samples.

Activities of total 2°2*Pu in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial groundwater
from 1963 to 1995 are shown in Figure 3.8.3-4. Activities in the TA-50 RLWTF discharge range from 10
pCi/L to approximately 1000 pCi/L. Activities of 2**2*°Pu decrease to between 0.5 and 100 pCi/L. at GS-1.
Activities are also much lower in the alluvial groundwater and generally decrease, with fluctuation, along
the groundwater flow path in the alluvium. Activities of these plutonium isotopes measured at MCO-7.5
typically are less than 0.6 pCi/L in unfiltered samples.

The 220240p/238py, ratios in the TA-50 RLWTF discharge, at GS-1, and in alluvial groundwater from 1967 to
1995 are shown in Figure 3.8.3-5. In the TA-50 RLWTF discharge, the ratio is less than unity from 1972 to
1978 and greater than unity from 1979 to 1990. In alluvial groundwater, the ratio is less than unity from
1972 to 1979 but, beginning in 1980, becomes greater than unity at MCO-3, which is the closest
downgradient well east of the TA-50 RLWTF outfall. Plutonium isotopic ratios greater than unity initially
occur in water samples collected from wells progressively downgradient: MCO-4, MCO-5, MCO-6, and
MCO-7 in successive years 1981, 1982, 1983, and 1984, respectively. This pattern suggests that the
travel time, including both surface water and groundwater flows, for the plutonium isotopes in Mortandad
Canyon is approximately one year along a distance of 1500 ft (457 m). However, the ratio in groundwater
samples collected from MCO-7.5 was anomalous; it was greater than unity beginning in 1972. Surface
water flow (including suspended material with adsorbed plutonium) and groundwater flow (possibly
containing colloidal plutonium) contribute to the dispersion of plutonium isotopes observed in Mortandad

Canyon.
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Figure 3.8.2-1. Distribution of total uranium in Mortandad Canyon surface water

and alluvial groundwater.
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Figure 3.8.3-1. Americium-241 in the TA-50 RLWTF discharge and Mortandad
Canyon surface water and alluvial groundwater.
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Figure 3.8.3-2. Cesium-137 in the TA-50 RLWTF discharge and Mortandad Canyon
surface water and alluvial groundwater.
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Figure 3.8.3-3. Plutonium-238 in the TA-50 RLWTF discharge and Mortandad
Canyon surface water and alluvial groundwater.
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Figure 3.8.3-5. Ratios of 2°°24°Py/?*®py in the TA-50 RLWTF discharge and

Mortandad Canyon surface water and alluvial groundwater.
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The occurrence of americium and plutonium in alluvial groundwater within Mortandad Canyon was
investigated by Penrose et al. (1990, 11770). Results of their investigation suggest that americium and
plutonium are tightly or irreversibly associated with colloidal material between 25 and 450 nm in size. The
composition of the colloidal material is not known; it may consist of silica, ferric hydroxide, clay minerals,
and solid organic matter. According to Penrose et al. (1990, 11770) these two colloidal-bound actinides
could not be completely removed from groundwater by serial filtration. Moreover, the fraction of americium
not associated with colioids is stable in a low-molecular weight form (£2nm diameter) and may occur as an
anion of unknown composition. Transport of americium and plutonium as colloidal-sized particulates may
contribute to the widespread occurrences of these two actinides within both surface water and alluvial
groundwater in Mortandad Canyon.

Activities of tritium in the TA-50 RLWTF discharge, surface water at GS-1, and alluvial groundwater from
1969 to 1995 are shown in Figure 3.8.3-6. Tritium occurs in the form of HTO and migrates at the same rate
as groundwater. For the period of record, activities of tritium in the TA-50 RLWTF discharge range from a
recent (and possibly anomalous) low value of 50 pCi/L to approximately 6,000,000 pCi/L. Activities
measured at GS-1 are between 50 and 700,000 pCi/L, which reflects the primary sampling of runoff with
some mixing of the TA-50 RLWTF discharge at the gaging station. Activities in ailuvial groundwater are
fairly constant over time, showing only minor fluctuations; they generally range from 20,000 to 1,000,000
pCi/L. Distributions of tritium, in addition to chloride and nitrate, suggest that alluvial groundwater is
hydrodynamically well mixed in Mortandad Canyon.

Activities of tritium in both the alluvial groundwater at MCO-5 and in the regional aquifer at TW-8 from
1971 to 1995 are shown in Figure 3.8.3-7. Activities in alluvial groundwater range from 20,000 pCi/L to
more than 1,000,000 pCi/L, whereas activities in TW-8 range from 100 to approximately 2000 pCi/L;
most recent measurements are on the low end of the range. Before 1990 the quantitation limit for tritium
using liquid scintillation is approximately 700 pCi/L, and tritium activities below this level are considered
to be nondetections. Background tritium activities in the regional aquifer are typically less than 1.0 pCi/L
(Environmental Protection Group 1995, 50285). Recent time series sampling of TW-8 by ESH-18
personnel and analysis for tritium using low-detection-level electrolytic enrichment confirm the presence
of above background levels in the regional aquifer beneath Mortandad Canyon. As discussed in
Section 3.7.4, activities of tritium in TW-8 from the time series sampling and analysis were initially
approximately 16 pCi/L and declined with progressive pumping to approximately 5 pCi/L, an activity
considered to be above background level (Environmental Protection Group 1996, 54769) (see Figure

3.7.4-5).

3.8.4 Low-Level Isotopic Analyses of Plutonium and Uranium

In 1994 ESH-18 personnel collected six alluvial groundwater samples (along with sediment samples
discussed in Section 3.4.4.2.1) in Mortandad Canyon, and CST-7 personnel analyzed the samples using
TIMS to determine the plutonium and uranium activities and isotopic ratios (Gallaher et al. 1997, 04-0329).
The Laboratory plutonium component was evaluated relative to that from global fallout by measuring the
240p,/2%9py ratios. Laboratory-derived plutonium is easily distinguished from global fallout plutonium by the
isotopic ratios. The relative abundance of 2*U and #**U were also measured to identify anthropogenic
sources. Anthropogenic uranium was identified in groundwater samples collected from the alluvial wells.
The survey results indicate that the Laboratory-derived plutonium and uranium activities in alluvial
groundwater decrease along a short distance downstream from Laboratory sources.
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Figure 3.8.3-6. Tritium in the TA-50 RLWTF discharge and Mortandad Canyon
surface water and alluvial groundwater.
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Figure 3.8.3-7. Tritium in alluvial groundwater and the regional aquifer in

Mortandad Canyon.
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3.8.5 Geochemical Modeling of Alluvial Groundwater

Solid and solution phase calculations were performed with the computer code MINTEQA2 (Allison et al.
1991, 49930) using results of analyses on filtered (<0.45 ym) alluvial groundwater samples collected on
August 9 and 10, 1995, by ESH-18 personnel (Environmental Surveillance Program 1996, 55333) from
alluvial wells MCO-4B, MCO-6, MCO-7, and MCO-7A.

The purpose of the calculations was to assess the importance of precipitation reactions and to determine
speciation of the constituents that influence the degree of adsorption onto solid surfaces. Cations tend to
adsorb onto solids to a greater extent than do anions at near-neutral pH.

Based on mineral-solid phase Sl calculations, alluvial groundwater in Mortandad Canyon is predicted to be
in equilibrium with BaSO,, CaCQ,, and SrCO; (Figure 3.8.5-1). The radionuclide *¥Sr and stable strontium
are predicted to precipitate from solution as a pure phase (SrCO,) and/or as a coprecipitate with barite
(BaSO,). Barite is relatively insoluble (Ksp = 10°% M, Allison et al. 1991, 49930) requiring less than 0.05
and 10 mg/L of dissolved barium and sulfate, respectively, to reach saturation. Coprecipitation of
strontium with barium, as Ba,,Sr,SQ,, is possible at low temperatures based on both model simulations
using MINTEQAZ2 and experimental results reported by Felmy et al. (1993, 56036). Barite and celestite
(SrSO,) have the same crystal structure and show complete solid solution at low temperatures.
Synthesized materials commonly have variable Ba-Sr mole fractions (Felmy et al, 1993, 56036).

Alluvial groundwater approaches equilibrium with respect to amorphous Al(OH), along the flow path
(Figure 3.8.5-1). This phase is predicted to precipitate from solution during the hydrolysis of aluminum-rich
volcanic glass, with a composition of 12 wt % Al,O, and 76 wt % SiO, present in the Bandelier Tuft,
according to the following reaction: (0.12A1,0,, 1.27Si0,)glass + 2.90H,0 = 0.24 Al(OH);am +
1.27H,Si0°.

The adsorptive characteristics of amorphous Al(OH),, which include its pH at point of zero charge (pH,,. =
5.0, Stumm and Morgan 1996, 56042) and its large surface area, should enhance removal of cationic
solutes (°°Sr?*) under near-neutral pH conditions. At pH > 5, amorphous Al(OH); has negative surface
charge sites that are available for cation exchange. In addition, continued hydrolysis of the glass and
amorphous Al(OH), may enhance the precipitation of kaolinite and smectite, which are found as minor
constituents in glass-rich portions of the Bandelier Tuff (Broxton et al. 1995, 50121; LANL 1995, 50290).

S| calculations suggest that alluvial groundwater is undersaturated with respect to UO,(OH),, AmMOHCOQO,,
amorphous Am(OH),;, Am(OH),, amorphous PuO,0OH, Pu(OH),, PuO,, NaNpO,CQ;, and other solid
phases containing these actinide elements. Based on these calculations, adsorption processes are
inferred to control the distribution of dissolved americium, neptunium, plutonium, and uranium in alluvial
groundwater in Mortandad Canyon.

Speciation calculations suggest that total dissolved strontium, consisting mainly of nonradiogenic
strontium with small concentrations of ®Sr (50 pCi/L. is equivalent to 10744 M strontium), is mainly stable as
Sr?* with a small percentage of SrSO,° present (Figure 3.8.5-2). Speciation calculations (assuming oxidizing
conditions in the water) also suggest that total dissolved uranium (assuming uranyl, U[VI]) and neptunium
(assuming neptunyl, Np[V]) are mainly stable as UO,(CO,);* and NpO,*, respectively. However, smaller
percentages of UO,(CO;),> and NpO,COj; are predicted to be present as well. The anionic species do not
adsorb onto mineral surfaces at solution pH above their pH,,. because the solid phases have a net negative
surface charge. Cations such as NpO,* tend to adsorb onto solid surfaces at near-neutral pH because of
the adsorbents’ net negative surface charge (Longmire et al. 1995, 48818; Langmuir 1997, 56037).
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Figure 3.8.5-1.

Results of saturation index calculations for alluvial groundwater in
Mortandad Canyon.
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Figure 3.8.5-2.

uranium in Mortandad Canyon alluvial groundwater.

Results of speciation calculations for neptunium, strontium, and
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Speciation calculations suggest that total dissolved americium (Am[Ill]) is mainly stable as Am(CO,),; a
smaller percentage of AmCO," is present (Figure 3.8.5-3). Speciation calculations for plutonium, assumed
to be present in two oxidation states (Pu[lV] and Pu[V]), is predicted to be stable as Pu(CQ,),%, Pu(CO,)*",
and PuO," (Figure 3.8.5-3 ). The higher bicarbonate concentrations enhance the formation of Pu(CO,),*"
over that of Pu(CO;),% when plutonium is stable in the +IV oxidation state. However, hydrolysis reactions
dominate when plutonium is stable in the +V oxidation state under near-neutral pH conditions.
Furthermore, the anionic species do not adsorb onto mineral surfaces at solution pH above their pHp;
because the solid phases have a net negative surface charge. However, PuO," will tend to adsorb. As a
consequence of the speciation, small activities of dissolved plutonium and americium are expected to be
present and, in fact, are present in alluvial groundwater in Mortandad Canyon (Longmire et al. 1995,

48818; Langmuir 1997, 56037).

3.8.6 Summary

Bicarbonate, chloride, magnesium, nitrate, and sodium are the major chemicals in the TA-50 RLWTF
discharge and alluvial groundwater in Mortandad Canyon. Variations in TDS concentrations in both surtace
water and alluvial groundwater could be due to (1) mixing of TA-50 RLWTF discharge with surface water
west of GS-1, (2) precipitation of solid phases (for example, calcium carbonate) from solution, and (3)
varying amounts of suspended material in the samples analyzed for total constituents.

Concentrations of total uranium measured at GS-1 range from 1 to 4 ug/L. The maximum concentration of
total uranium (33 ug/L) was measured at MCO-6 in 1978. Since 1987, concentrations of total uranium
usually have been less than 5 ug/L in alluvial groundwater.

Activities of 2'Am in the TA-50 RLWTF discharge range from less than 20 pCi/L. to approximately 1000
pCi/L. Activities of *¥’Cs in the discharge range from 20 pCi/L to approximately 8000 pCi/L. Typical
activities of 2'Am and '¥Cs range from 0.05 to 5 pCi/L and 0.01 to 100 pCi/L, respectively, in alluvial

groundwater.

Activities of 28Pu in the TA-50 RLWTF discharge range from 10 pCi/L to approximately 500 pCi/L.
Activities measured in alluvial groundwater at MCO-7.5 are typically less than 1 pCi/L. Activities of #*#*°Pu
in the TA-50 RLWTF discharge range from 10 pCi/L to approximately 1000 pCi/L. Activities measured at
MCO-7.5 typically are less than 0.6 pCi/L.

Activities of tritium in alluvial groundwater in Mortandad Canyon are fairly constant over time and generally
range from 20,000 to 1,000,000 pCi/L. Distributions of tritium, in addition to chloride and nitrate, suggest
that alluvial groundwater is hydrodynamically well mixed. Recent time series sampling of TW-8 and
analyses for tritium using low-detection-level electrolytic enrichment confirm the presence of tritium in the
regional aquifer at approximately 5 pCi/L, which is above the background level of approximately 1 pCi/L
(Environmental Protection Group 1996, 54769). The large differences in tritium activities observed
between MCO-5 and TW-8 suggest that leakage of contaminated alluvial groundwater down the TW-8 well
annulus (if it occurs at all) is small and accompanied by substantial dilution.

Using TIMS to determine the plutonium and uranium activities and isotopic ratios in sediment and water
samples collected in Mortandad Canyon, Gallaher et al. (1997, 04-0329) suggest that Laboratory-derived
plutonium and uranium activities in alluvial groundwater and sediments decrease along a short distance
downstream of Laboratory outfalls. However, isotopic ratios suggest possible off-site transport of trace
levels (fCi/g) of Laboratory-derived plutonium in stream sediments to distances approximately 2 mi

(3.2 km) downstream of the Laboratory boundary to near state road NM4.
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Figure 3.8.5-3. Results of speciation calculations for americium and plutonium in
Mortandad Canyon alluvial groundwater.

Based on mineral-solid phase Sl calculations, alluvial groundwater in Mortandad Canyon is predicted to be
in equilibrium with BaSO,, CaCO;, and SrCO,. Calculations suggest that alluvial groundwater is
undersaturated with respect to UO,(OH),, AmOHCOQO,, amorphous Am(OH),;, Am(OH),, amorphous
PuO,0OH, Pu(OH),, PuO,, NaNpO,CO,, and other solid phases containing these actinide elements. Based
on these calculations, adsorption processes are inferred to control the distribution of dissolved americium,
neptunium, plutonium, and uranium in aliuvial groundwater in Mortandad Canyon.

Speciation calculations in alluvial groundwater suggest that total dissolved strontium is mainly stable as
Sr?*. Speciation calculations (assuming oxidizing conditions) also suggest that total dissolved uranium
(assuming uranyl, U[VI]) and neptunium (assuming neptunyl, Np[V]) are stable mainly as UO,(CO,),;*" and
NpO,*, respectively. Total dissolved americium (Am([lll]) is predicted to be stable mainly as Am(CQO,),".
Speciation calculations for plutonium, assuming two different oxidation states (Pu[lV] and Pu[V]), suggest
that it is stable as dissolved Pu(CQ,),%, Pu(CQO,),*", and PuO,*.

3.8.7 Data Requirements for Understandmg the Geochemistry of Surface Water and
Groundwater

1. To understand and model solid-solution phase interactions, both filtered and unfiltered surface
water and groundwater samples will be collected from characterization boreholes and wells and
analyzed for major cations and anions, trace elements, radionuclides, dissolved organic carbon,
stable isotopes, and anthropogenic organic compounds.

2. To understand the role of sorption reactions on the transport of radionuclides, batch sorption
experiments will be performed, as needed to support modeling, on different aquifer material
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(alluvium, Bandelier Tuff, Cerro Toledo sediments, basalts, Puye Formation, and Santa Fe Group)
using selected radionuclides (>'Am, ¥’Cs, ?*Pu, 4Py, and 8r).

3. Geochemical modeling of surface water and groundwater will be performed to quantify speciation,
mineral stability, adsorption reactions, and mixing reactions between different media.

3.9 Biological Setting

The general biological setting for the Los Alamos region and the canyons was discussed in Section 3.8 of
the core document (LANL 1997, 55622). This section discusses unique aspects of the biological setting
of the Mortandad Canyon system.

Several anthropogenic sources of surface water, as well as runoff, enter the Mortandad Canyon system. In
the upper canyon NPDES-permitted cooling water discharges from TA-48 into Effluent Canyon maintain
surface flow in Effluent Canyon to the TA-50 RLWTF outfall. These discharges plus natural runoff maintain
small cattail wetlands at TA-48 and just upstream at the TA-50 RLWTF outfall. In addition, portions of
Mortandad Canyon and Ten Site Canyon are designated on the national wetlands inventory maps as
artificially and permanently flooded wetlands (Dunham 1992, 31726).

3.9.1 Potential Receptors

A summary of species thought to occur throughout the Laboratory canyons system can be found in
Section 3.8 in Chapter 3 of the core document (LANL 1997, 55622). Only supplemental data specific to
Mortandad Canyon will be presented here.

3.9.1.1 Flora

Within the Mortandad Canyon system, vegetation varies by elevation. Ponderosa pine-fir and Gambef's
oak provide the dominant overstory, and wheatgrass is the dominant grass upstream of the TA-50 RLWTF
outfall above 7185 ft (2190 m). Ponderosa pine-fir, Gambel's oak, and chokecherry provide the dominant
overstory vegetation, and bluegrass and clematis are the dominant grass and forb species near the TA-50
RLWTE outfall between 7185 and 7105 ft (2190 and 2165 m) elevation. Ponderosa pine, pifion, and
juniper provide the dominant overstory, and forbs and grasses include strawberry, dandelion, bluegrass,
goosefoot, and bedstraw downstream of the TA-50 RLWTF outfall between 7105 and 6855 ft (2165 and
2090 m) elevation. Within the understory, grasses dominate at the higher elevations, whereas forbs
dominate at lower elevations (Miera et al. 1977, 5569). A cursory examination indicated that many species
used by humans as food and medicinal sources are abundant in the canyon including wild strawberries,
raspberries, roses, mullein, currants, pussytoes, and juniper. Many species used as fuel by surrounding
residents, including American Indians, can be found as well, including juniper and ponderosa pine. Many
standing dead ponderosa pines are apparent in the lower canyon on Laboratory property, although fewer
were observed during a 1997 tour than in the previous year, which suggests that some have been
gathered for fuel in the intervening period. '

3.9.1.2 Fauna

Mule deer, coyotes, and cottontail rabbits were documented as common to abundant throughout the
canyon in 1973 (Hakonson et al. 1973, 4974), and brown bears were common as far as 0.5 mi (0.8 km)
downstream of the TA-50 RLWTF outfall. Gonzales and Newell (1996, 56045) also refer to reports of
Rocky Mountain elk and porcupines within Mortandad Canyon.
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In a preliminary investigation of biota within Mortandad Canyon undertaken in 1977 (Miera et al. 1977,
5569), a maximum of six species of small mammals representing five families were identified at a single
Mortandad Canyon location. The most common species trapped were the pifion mouse (Peromyscus
truel), deer mouse (P. maniculatus), and least chipmunk (Eutamias minimus). Other species may have
included the meadow vole (Microtus pennsylvanicus), Mexican woodrat (Neotoma mexicana), dwarf shrew
(Sorex nanus), valley pocket gopher (Thomomys bottae), rock squirrel (Spermophilus variegatus), and
cottontail rabbit (Sylvilagus sp.). Because data for these less frequent species were summed across sites
in other canyons as well, Mortandad Canyon-specific incidence cannot be determined. The number of
captures and number of species were highest in the ponderosa pine woodland upstream of the TA-50
RLWTF outfall and dropped dramatically (>4-fold) with distance downstream of the outfall over a 2.5 mi (4.0
km) study area. Although vegetation and precipitation levels also decline with distance downstream from
the outfall, no significant correlations were found either between combined small mammal biomass per site
and understory vegetation biomass or with the number of small mammal species and total vegetation
estimates. However, the drop in small mammal numbers with elevation or distance from the outfall was not
observed in either the DP Canyon/Los Alamos Canyon or Acid Canyon/Pueblo Canyon systems.
Upstream of the outfall, an Abert’s squirrel and a golden-mantled squirrel as well as incidental cotton rats
and house mice were also observed.

In March 1994 a second study investigated small mammal species diversity in Mortandad Canyon (Raymer
and Biggs 1994, 56038). This study was less inclusive; mammals were trapped only at outfalls in
Mortandad Canyon and Effluent Canyon using fewer traps and a shorter trapping period. Five small
mammal species were found including the long-tailed vole, white-throated woodrat, Mexican woodrat,
brush mouse, and deer mouse. Although the species list differs, similar numbers of species are
represented across the approximately 20-yr interval. The 1994 study does not report absolute numbers of
animals trapped, so the abundance cannot be compared between the studies. Although the incidental
species sited in the 1977 study were not observed, differences in the protocols could account for this.

No comprehensive investigation of avian or invertebrate species has been undertaken in Mortandad
Canyon.

3.9.2 Threatened, Endangered, and Sensitive Species

Potential threatened and endangered species of concern in the canyon systems are listed in Chapter 3 of
the core document (Seétion 3.8, Table 3-6) (LANL 1997, 55622). No detailed biological assessments of
the Mortandad Canyon system have been completed but are scheduled for fiscal year (FY) 1998 by the
Laboratory Ecology group (ESH-20). These assessments will include reconnaissance (Level 1) surveys,
habitat evaluations (Level 2), and confirmatory identification of specific threatened and endangered
species (Level 3).

Biological evaluations and wetland/floodplain assessments were performed by ESH-20 personnel in 1991
for technical areas bordering Mortandad Canyon (Dunham 1992, 312786). These investigations did not
attempt to define boundaries of wetlands or floodplains because such boundaries are considered valid
only within two years of determination. Such bounding will be included in the FY98 assessments. Level 2
surveys were conducted on the north canyon rim, the north canyon wall, and the canyon floor in the areas
of Ten Site Canyon and Mortandad Canyon influenced by TAs -4, -35, -48, -52, and -55. Because the
results of the 1991 assessment are summarized by operable unit, it is not clear what species identified are
within the Mortandad Canyon/Ten Site Canyon region specifically. Although the introduction to the report
(Dunham 1992, 31276) lists habitat for several sensitive species including the spotted bat, no
confirmatory sightings were made.

Mortandad Canyon Work Plan 3-141 August 1999



gt

Environmental Setting Chapter 3

The 1991 assessment and a subsequent 1993 survey (Cross 1996, 26071) note that suitable nesting
areas for several raptors (including northern goshawks and bald eagles) occur in Mortandad Canyon. No
detailed investigation of reptile and amphibian species has been undertaken.

3.9.3 Species Viability Studies

Mortandad Canyon is currently an area for reproductive studies on insectivorous ecological receptors,
which measure nesting rates, reproductive capacity, fledgling viability, and renesting frequency. This is
the only study currently identified that addresses species viability in Mortandad Canyon.

3.9.4 Contaminant Uptake
3.9.4.1 Radionuclide Concentrations in Biota

The most extensive investigation of radionuclide concentrations in plant and animal tissues was
undertaken in 1972 through 1973 (Hakonson et al. 1973, 4974). This study examined concentrations of
americium, cesium, plutonium, and tritium in plant and animal species as well as related soils and
sediments in Mortandad Canyon. Individual animal tissues inciuding liver, lungs, bones, kidney, lymph
nodes, muscle, thyroid, carcass, and hide were analyzed, although not all tissues were examined in the
smaller species. Animal species included small mammals, large herbivores, predator species, and birds. In
addition, concentrations of radionuclides in honeybees and honey were examined. The detailed data
tables presented in that report provide data that can be used to develop distributions for uptake of these
radionuclides as well as useful information to evaluate human heatith risks that result from consumption of
various animal and plant tissues. Data from these investigations have been reported in peer-reviewed
literature and are summarized below, along with additional data on contaminant uptake in Mortandad
Canyon species from more recent surveillance studies.

3.9.4.1.1Flora

Concentrations of plutonium in plants in Mortandad Canyon ranged from 0.18 to 18 pCi/g dry weight at soil
concentrations of 90 pCi/g. At ¥Cs concentrations of 980 pCi/g in soil, concentrations in plants ranged
from 0.94 to 110 pCi/g. The highest concentrations for both radionuclides were observed in grasses and
lichens; the lowest concentrations were observed in trees (Hakonson and Bostick 1975, 29678). Later
studies indicated that the higher concentrations on the low-growing grass (<40 cm) and lichen species
were due to surface deposition from rain splash (Dreicer et al. 1984, 8592). However, these surface
contaminants still represent a pathway for food chain transfer because they wiil be consumed along with
the plant by many species. In addition, studies on surface deposition of airborne contaminants from
Chernobyl have indicated that surface particulates can be systemically absorbed by plants, which indicates
that this mechanism can result in food chain transfer of contaminants even when the plant surtaces are

washed (Monte et al. 1990, 56046).

Hakonson and Nyhan (1980, 8917) have also calculated transtfer coefficients for plutonium in grasses in
Mortandad Canyon ranging from 0.05 to 0.93 and 0.04 to 1.1 (unwashed samples). These transfer
coefficients are reported to be linear with soil concentrations.

Concentrations of radionuclides in Mortandad Canyon plant species were studied more recently at three
wetlands: (1) one that is maintained by the TA-48 NPDES outfall, (2) one that is 1.3 mi (2.1 km)
downstream from the TA-50 RLWTF outfall, and (3) one that is 2.5 mi (4.0 km) downstream from the TA-50
RLWTF outfall. Although no statistical differences were observed in most concentrations, data were highly
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variable. Data from understory plants downstream of the TA-48 outfall showed the highest mean
concentrations for americium, cesium, plutonium, strontium, tritium, and uranium. Although no regression
analysis between sediment and plant concentrations was performed, graphical representation of the data
suggested low correlations in these samples (Bennett et al. 1996, 56035). '

3.9.4.1.2Honeybees

Honeybees near the TA-50 RLWTF outfall showed concentrations of tritium that reflected the
concentrations in their vegetation and surface water sources (Hakonson and Bostick 1976, 8912).
Concentrations of tritium in honey were also elevated, although two to three times lower than those in the
bees. Cesium and plutonium also were detected in the honeybees. Ratios of the radionuclides were
consistent with primarily a water ingestion source. Data for cesium and plutonium in honey were not
available.

3.9.4.1.3 Small Mammals

Contradictory data on tissue localization have been reported. In studies from the early 1970s, plutonium
concentrations in rodents were highest in lung tissue and pelts; concentrations in liver and carcass tissue
were at or below the detection limit (Hakonson and Bostick 1975, 29678). However, Hakonson and Nyhan
(1980, 8917) later reported that 96% of the body burden of plutonium was localized to the pelts and
gastrointestinal tracts; the lowest observed concentration in the tissues studied was in the lungs.

Subsequent studies of small mammals analyzed only tissues pooled across several animals and examined
only carcasses and pelts (Bennett et al. 1996, 56035). Pelt samples showed concentrations consistently
an order of magnitude greater than carcass samples for 2'Am, '¥Cs, 2®Pu, 24Py, and uranium. However,
9Gr concentrations were equivalent in both carcasses and pelts. For all but uranium, tissue concentrations
were correlated with sediment concentrations in the region of trapping. Results of these studies further
indicated that concentrations of radionuclides in small mammals sampled in Mortandad Canyon were
greater than in rodents sampled at the waste burial site at TA-54, Area G. In general, concentrations
reflected elevation in contaminant concentrations in sediments near the trapping sites; mammals collected
near the TA-50 RLWTF outfall showed the greatest elevation.

3.9.4.2 Inorganic Contaminant Uptake
No data were found on specific inorganic contaminant uptake in biota in the Mortandad Canyon system.
3.9.4.3 Bioaccumulator Uptake

No data on uptake of bioaccumulators have been reported for species in the Mortandad Canyon system,
although data on mercury concentrations in sediments have been reported (Hakonson et al. 1980, 8924).

3.9.5 Data Needs for Understanding Biota Uptake of Contaminants

Although considerable data are available on radionuclide uptake in vegetation and small mammals, no data
have yet been found to document uptake of inorganic or bioaccumulator chemicals. Mercury was reported
to be present in sediments downstream of the TA-50 RLWTF outfall (Hakonson et al. 1980, 8924).
However, the article has a discrepancy between tabular and graphic results. Table values report
concentrations of mercury in ug/kg, whereas the graphic presentation in is mg/kg. A value of 1800 ug/kg
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is reported near the outfall with mean concentrations of 100 to 150 ug/kg as far as 1640 ft (500 m)
downstream (Hakonson et al. 1980, 8924). Because mercury bioaccumulates, these concentrations
could present significant risks to humans and other species. In addition, portions of the Mortandad
Canyon/Ten Site Canyon region appear on the national wetlands inventory maps as artificially and
permanently flooded wetlands (Dunham 1992, 31276). Therefore, bioaccumulators (such as mercury)
that are suspected to be present in the system will be evaluated for present-day concentrations in water,
sediments, and wetland biota that represent primary species of concern for contaminant uptake. These
species also may be important for food-chain transfer to higher trophic levels.

No data were found on tissue concentrations of contaminants for predator species such as coyotes, owls,
and raptors in Mortandad Canyon, which makes it difficult to evaluate food chain transfer effects. Related
to this, no data for pocket gophers have been found. Because of the extensive burrowing of this species
and their localized range, this species could present a more significant pathway for contaminant dispersion
and transfer than indicated by the small mammal data collected thus far.

Only very limited data are available for avian species. These data may prove important in evaluating food
chain effects as well as in determining impacts on species survival. Although many avian species have
broad ranges, foraging may be localized during breeding and fledging only to regions proximal to the nest
site. In addition, many species can ingest significant amounts of soil while foraging.

Questions remain on values for potential transfer of contaminants through biota to humans. Uptake in
species used by American Indians for medicinal and dietary purposes has not been systematically
investigated and represents a data gap. In addition, apparent harvesting of firewood from standing dead
trees in lower Mortandad Canyon suggests a potential human health risk from inhalation of contaminants in
combustion products. Analysis of this risk will require concentration factors for contaminants in tree trunks
where contaminants may be localized in particular growth rings that develop during periods of higher
sediment or groundwater contaminant concentrations. Current data have primarily represented
contaminant concentrations in trees determined by examination of branches, which may have developed
relatively recently and, therefore, show lower concentrations. The presence of abundant berries suggests
a potential exposure pathway not only for individuals who regularly gather plants in the canyon but also for
those who use the canyon for recreational purposes (such as joggers, hikers, and cyclists). Because such
use is currently unlimited and many people use the canyon, investigation of contaminant concentrations
in these potential food sources is necessary.

Data reflecting current concentrations in biota are limited. Concentrations of contaminants are expected to
have changed during the past 20 to 25 years, and contaminant transfer processes are not necessarily
linear. In addition, some contaminants will compete for uptake processes in biota, which indicates a
potential for differential uptake of the same contaminant if the mixture of contaminants is altered.
Moreover, some of the previous data reflect unwashed samples, whereas some do not specify whether
samples were washed or unwashed. Depending on the scenario being evaluated, pooling of these data
may inflate or deflate the transfer coefficient. For example, if plants are washed before human
consumption, using data from unwashed samples will overestimate the risk. However, data from washed
samples will underestimate the risk for situations where materials are consumed without washing.
Therefore, some confirmatory samples should be taken and analyzed to update and validate the
applicability of previously calculated transfer coefficients.

Because recent data have pooled tissues and animals before analysis, no estimate of variability in the
population can be determined. Such measures of variability are essential to evaluate uncertainty in both
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human health and ecological risk estimates. Also, because most contaminants localize within specific
tissues in fauna, the prior practice of pooling tissues obscures variations among critical organs, making
assessment of the impact of contaminants on the health of the population difficult.
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Chapter 4 Conceptual Model

4.0 CONCEPTUAL MODEL
4.1 Introduction

This chapter summarizes the significant geologic, hydrologic, and biological features, events, and
processes operating in the Mortandad Canyon system that could reasonably affect estimates of human
and ecological risk from Laboratory-derived contaminants. This chapter places these features, events, and
processes (which are described in greater detail in the preceding chapters of this work plan) within a
conceptual framework that is intended to support a credible human health risk assessment for current
contamination conditions and to project trends of reasonable future impacts. The human health risks will
be evaluated for personnel who work in the canyon system and for the public who visit the canyon system
for a variety of purposes. In addition, impacts to the ecological system will be assessed.

The conceptual model of contaminant occurrence, transport, and exposure route for the Mortandad
Canyon system (hereafter “the conceptual model”) presented in this chapter is modified from the
conceptual model for the canyon systems in general, which is discussed in Chapter 4 of the Core
Document for Canyons Investigations (hereafter “the core document”) (LANL 1997, 55622). With respect
to the general conceptual model, this modification adds detail that is specific to the Mortandad Canyon
system and eliminates from consideration some processes that are known not to occur in the Mortandad
Canyon system. It also incorporates findings that are relevant to the conceptual model of the studies
currently underway in Los Alamos Canyon and Pueblo Canyon pursuant to the work plan for those
investigations (LANL 1995, 50290).

The conduct of this investigation and other canyon investigations will involve working with the
neighboring Indian Pueblos (Cochiti, Jemez, San lidefonso, and Santa Clara) to define and evaluate the
impacts to cultural resources that are valued by the American Indian population. This commitment fulfilis
part of the Laboratory’s responsibility for stakeholder involvement. The approach to evaluating present-
day risks is being defined, and this conceptual model may not yet fully reflect American Indian concerns.
The term “present-day risks,” which is discussed further in Section 5.1.3 in Chapter 5 of the core
document (LANL 1997, 55622), means human health risk assessment using present-day contamination
levels for exposure scenarios now and in the near future. Section 4.3 discusses how the conceptual
model will be revised to reflect investigation data as well as changing impact assessment objectives.

4.1.1 Purpose

The purpose of the conceptual model is to incorporate known significant features, events, and processes
(as described in Chapter 2 and Chapter 3 of this work plan) into a comprehensive view that is then used to
guide the development of the technical rationale for investigations in the Mortandad Canyon system. The
conceptual model articulates the major assumptions (some of which need to be tested), the features that
need to be described more accurately, and the models of processes that might need to be refined to
adequately evaluate impacts. The conceptual model description helps define the investigations (including
field measurement activities) as well as the interpretation and analysis of both new and existing data that
are needed to perform risk assessments. These investigations are described in the sampling and analysis
plans in Chapter 7 of this work plan.

4.1.2 Relationship of the Conceptual Model to Impact Assessment

The conceptual model describes the major contaminant sources in Mortandad Canyon and the adjacent
watershed area and the mechanisms by which those contaminants could be transported to potential
receptors. It identifies interactions among these transport pathways and their relationship to exposure
pathways to humans, plants, and wildlife.
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The exposure pathways are part of the human health risk assessment mode! described in Chapter 6 of the
core document (LANL 1997, 55622). Exposure pathways to ecological receptors are based on current
LANL-specific guidance on screening-level ecological risk assessments. The selection of potential
receptors and exposure pathways depends on the structure and assumptions of the assessment models.
The conceptual model discussed in this chapter addresses the exposure pathways in the Mortandad
Canyon system that were selected for consideration using the assessment models described in Chapter 6
of the core document.

Human health and ecological risk will be quantitatively evaluated based on current contamination levels.
Changes in those evaluations over time, considering water and sediment transport of contaminants, will
be evaluated qualitatively.

The potential human exposure scenarios for the Mortandad Canyon system include the following:

. use by Laboratory workers;
) recreational use by the public and Laboratory workers;
3 restricted use by workers and/or public imposed by access control (such as the “institutional

control scenario” contemplated by proposed interagency guidance on cleanup); and

o use by the American Indian population for residential, cultural, and religious purposes and for
farming, ranching, and hunting.

Chapter 6 of the core document (LANL 1997, 55622) describes these exposure scenarios in detail
except the “institutional control scenario” which is being developed. Therefore, they are not repeated in

this work plan.

4.1.3 Development of the Mortandad Canyon Conceptual Model

The conceptual model for the Mortandad Canyon system was developed from the data and information
presented in Chapter 2 and Chapter 3 of this work plan and the general conceptual model presented in
Chapter 4 of the core document (LANL 1997, 55622). Variations in stratigraphy and hydrogeology from
the general representation in the core document are discussed in Chapter 3 of this work plan and in
Section 4.3.7.2 of the Hydrogeologic Workplan (LANL 1996, 55430). The elements of the contaminant
occurrence and the transport and exposure pathway interactions in the Mortandad Canyon system are
illustrated in Figure 4.1.3-1.

The conceptual model identifies potential sources of contamination, relevant pathways for transport, and
likely pathways for exposure. The conceptual model and the hypotheses it represents are based on a
synthesis of current knowledge of the canyon system, geology, geochemistry, hydrology, and
distribution of contaminants in and adjacent to the canyon system. The transpont pathway descriptions
include the predominant release mechanisms, transport processes, and the contaminated media for each
transport pathway. The conceptual model includes those elements that are likely to influence decisions
about remediation in the canyon system environment. In many cases the model and hypotheses need to
be further tested or verified to optimize confidence in understanding of processes and future trends in
human health and ecological risks. The conceptual model for potential exposure pathways is shown in
Figure 4.1.3-2.
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Chapter 4 Conceptual Model

The remainder of this chapter discusses the elements of this conceptual model in detail and the process
by which revisions will be made as new data are acquired and the concerns of stakeholders are addressed.

4.2 Contaminant Transport Conceptual Model

The major elements of the conceptual model are discussed in the expected order of their ability to
disperse and transport contaminants in the Mortandad Canyon system.

. Surface water and sediment transport
) Groundwater transport

o Biological/food chain transport

o Atmospheric transport

The elements of the conceptual model are summarized in Table 4.2-1. /talicized terminology refers to
graphic elements that are depicted in Figure 4.1.3-1. The assumptions, features, events, and processes
related to transport are described in greater detail in Chapter 2 and Chapter 3 of this work plan. Cross-
references to Chapter 2 and Chapter 3 are included in this discussion to facilitate the location of additional
detail in other parts of this work plan.

4.2.1 Surface Water and Sediment Transport and Resultant Exposures

Sediment transport by surface flow is believed to be the predominant contaminant transport mechanism in
the Mortandad Canyon system. In most cases more than 90% of total inventories of radioactive
contaminants having low solubility and high sorptive properties are associated with the sediments in the
active channel, inactive channel, floodplain, and the sediment traps (see Section 3.4 in Chapter 3 of this
work plan). Precipitation runoff, especially that from the larger thunderstorms, has redistributed sediments
and associated contaminants in Mortandad Canyon, generally within the Laboratory boundaries. Available
data indicate that sequential precipitation runoff and other surface flow events have transported some
contaminants off-site, although concentrations in sampled off-site sediments are extremely low (107° Ci/g)
(Gallaher et al. 1997, 59165). Most contaminants were discharged primarily as dissolved or particulate
components in liquid effluent discharges and have been adsorbed from the liquid phase onto sediment
particles. The sediments carrying the adsorbed contaminants are redistributed by sediment transport
processes that occur after the original effluent discharge. Some contaminants that are associated with soil
particles at PRSs may also be eroded by surface water and subsequently transported as sediments.
Because most of the radioactive contaminant inventory is associated with the sediments, major future
precipitation runoff events hold the greatest potential for significant redistribution on Laboratory land and
off-site. Therefore, understanding sediment transport processes is fundamental to understanding
contaminant transport.

Sediment transport occurs during large precipitation runoff events (floods) and during sustained effluent
discharges from outfalls, although most transport probably occurs during floods produced by summer
thunderstorms. Sediment transported by these surface flows has been deposited downstream at various
locations along Effluent Canyon, Ten Site Canyon, and Mortandad Canyon but generally not much farther
than the sediment traps. One effect of continued sediment transport over time is to move older
contaminants from upstream areas and increase their inventory in some downstream areas.
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TABLE 4.2-1

ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism

Concepts/Hypotheses

Surface water and sediment transport

A. Surface water runoff
and discharges

Al

Precipitation will partition among evaporation, transpiration, infiltration, and
runoff. Precipitation runoffis a function of soil and vegetation properties,
precipitation intensity, and initial soil moisture content.

A2.

Precipitation runoff is concentrated by natural topographic features and man-
made diversions.

A3.

Precipitation runoff and effluent discharge across potential release sites can
mobilize contaminants and move them in either suspended or dissolved phases
into the canyon stream or groundwater. Precipitation runoff and surface flow
transport of contaminants associated with suspended particles or bed
sediments will dominate the transport of radionuclides and metals. However,
some radionuclide contamination, such as tritium and *Sr, can also be
transported in solution.

A4.

The dissolved contaminants of major importance to surface water quality (for
example, tritium, nitrate, chloride, and fluoride) are relatively conservative
species.

AS5.

Movement of some contaminants as dissolved species may be partly retarded
by adsorption onto organic matter, clay, metal hydrous oxides, and other highly
sorptive phases in porous alluvial media when surface flow infiltrates and then
either returns to surface flow in some portions of the upper canyon or moves
laterally or downward out of the alluvium by saturated or unsaturated flow.

B. Erosion and transport
of soils and sediments

B1.

Surface soil erosion and sediment transport are a function of precipitation runoff
intensity and frequency, vegetative cover, topography, soil properties, and land
use.

B2.

Contaminants tend to adsorb onto soil and sediment particles, which can be
transported by surface flow and concentrated in depositional areas of the
canyon system (such as the sediment traps).

B3.

Precipitation runoff and effluent discharges have redistributed contaminants on
both suspended and bedload sediments substantial distances downstream from
their original sources. Most of this redistribution has occurred within Laboratory
boundaries; however, some contaminants may have been carried onto San
lidefonso Pueblo land, predominantly between the Laboratory boundary and
state road NM4. Presently there is no evidence of contaminant transport to the
Rio Grande in Mortandad Canyon.

B4.

Concentrations of contaminants in sediments generally decrease downstream
because of dilution with clean sediments. Dilution will also tend to decrease
contaminant concentrations over time if contaminant releases are stopped or
reduced. However, higher concentrations may occur in fine-grained sediments
in the sediment traps because impoundment of surface flow allows the fine-
grained suspended sediments to settle. In the absence of impoundments, the
tendency is for the fine-grained sediment to be deposited farthest downstream
and in other locations where surface flow decreases. The sediment traps
contain ponded water during some storm run-off events, which may provide a
source of recharge to alluvial groundwater.

B5.

The deposition and storage of contaminated sediments generally increase
downstream. Contaminants carried by floods can be dispersed over
progressively wider areas of the canyon floor downstream, which results in
relatively high contaminant inventories in some downstream locations. These
deposits are potentially subject to remobilization.
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TABLE 4.2-1 (continued)

ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism

Concepts/Hypotheses

B6.

Concentrations of contaminants in sediments can be highly variable in any part
of a canyon because of variations in deposit age and type of sediment deposit
(for example, active channel versus floodplain sediments). Sediment deposits
of similar age and particle size distributions that vary in relative contributions
from different source areas (for example, Effluent Canyon versus upper
Mortandad Canyon) contribute to the variations.

B7.

Contaminant concentrations vary with sediment particle size; the highest
concentrations are generally found in the finer-grained fractions of sediments of
a given age. However, the highest contaminant inventories in a given reach may
be found in coarse-grained sediment fractions due to their larger volume.

B8.

Locally, sediment contaminant concentrations at depth may be significantly
higher than at the surface due to burial by younger and cleaner sediments.

B9.

Residence times for contaminated sediments deposited at different canyon
locations could range up to several years in active channels and hundreds or
thousands of years in some inactive channels and floodplains.

B10.

Channel incision, lateral bank erosion, and sediment redistribution will be most
active during floods that may have return periods of years to decades or longer.

B11.

Contaminant transport in the active channel occurs predominantly by bedload
and suspended sediment transport with lesser transport in the dissolved phase.
Coarse- to medium-grained sand and gravel are generally transported as
bedload. Fine sand, silt, and ciay are generally transported as suspended load.

B12.

The area near the sediment traps has experienced substantial deposition of
alluvium during the last 10,000 years, and future floods may tend to deposit
more sediment and progressively bury contaminated sediment layers. However,
infrequent, large-magnitude floods could result in channel incision, excavation
of sediments, and transport of some sediments downstream.

B13.

The transport distance and lateral dispersion of contaminants during floods
depend on the characteristics of both floods and channels. Longer transport
and less lateral dispersion occur in deeply incised channels. Concentrations of
contaminants carried and deposited by such floods would depend on the amount
of mixing of contaminated and uncontaminated sediments.

B14.

Sediment transport segregates sediments by size, which might reconcentrate
contaminants in low-energy depositional areas; this process has been observed
in the sediment traps.

B15.

Flooding extends the area of contaminant dispersal in the canyon floor away
from the channel, especially as the canyon widens and the gradient decreases.

Groundwater transport

C. Alluvial groundwater

C1.

Alluvial groundwater, which is present in Mortandad Canyon, is maintained
perennially by precipitation runoff and surface flow.

c2.

The alluvium contains distinct zones; some may cause limited perching within
the alluvium and/or limited confinement of some deeper zones. When well MCO-
8 was installed in 1960, the alluvial groundwater exhibited slight artesian
conditions (see Section 3.7.2 in Chapter 3 of this work plan).

Cs.

Perennial alluvial groundwater is augmented in the portions of Mortandad
Canyon that receive discharges from Laboratory sources within or adjacent to
the canyons.

C4.

Maximum concentrations of contaminants are initially associated with alluvial

groundwater close to source effluent discharges. Maximum concentrations of
contaminants are observed in the alluvial groundwater wells immediately below
the Technical Area (TA) -50 RLWTF outfall.
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TABLE 4.2-1 (continued)

ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism

Concepts/Hypotheses

Cs.

Alluvial groundwater is recharged in the middle canyon (Effluent Canyon
eastward to test well [TW] -8) by infiltration of surface water from the stream
channel and in the lower canyon (TW-8 eastward to the sediment traps)
predominantly by groundwater moving downgradient from upstream reaches.

C6.

Dilution and attenuation by geochemical processes leads to generally
decreased contaminant concentrations (relative to conservative species such
as chloride and tritium) downgradient within a water-bearing zone. Lowest
concentrations of contaminants are observed in the alluvial groundwater in lower
Mortandad Canyon downstream of the sediment traps. Colloidal transport
through the alluvium is possible based on the distribution of actinides and the
fission products observed.

C7.

Alluvium is generally more permeable than the underlying tuff units. Surface
water infiltrates until downward movement is impeded by less permeable units;
at that point moisture accumulates, possibly leading to saturation.

cs.

Tritium and other conservative dissolved species move into underlying
stratigraphic units. The migration process (for example, saturated and
unsaturated liquid-film or unsaturated vapor-phase flows) and rate depend on
the properties of the interface between the stratigraphic units, which may be
highly variable both spatially and temporally.

Cs.

Saturated conditions appear to be confined to the alfluvium and/or to the
Tsankawi Pumice Bed/Cerro Toledo interval where they are in contact with the
alluvium.

Cc10.

The thickness and longitudinal extent of the alluvial saturated zone varies
seasonally; the maximums occur after spring snowmelt and/or summer
thunderstorms. ‘

C11.

Groundwater flows downgradient in the alluvium relatively rapidly (30 to 40 ft per
day), taking about a year to move from the TA-50 RLWTF outfall in Effluent
Canyon to fower Mortandad Canyon near well MCO-8.2.

Cia.

Groundwater flow processes downgradient in the alluvium can be approximated
by a porous medium model, which can account for changing gradients, variation
in permeability and, probably, anisotropy in vertical and horizontal permeability.

C13.

The rate of migration of geochemically active contaminants (not including
conservative species such as tritium and nitrate) will be retarded relative to the
groundwater flow rate primarily by sorption in the alluvium onto mineral, organic,
or organic-coated mineral particles. However, colloidal transport of
contaminants may oceur in the alluvium and other hydrogeologic units beneath
Mortandad Canyon. Colloids may consist of silica, ferric oxyhydroxides, clay
minerals, and solid organic matter.

C14.

Evapotranspiration removes approximately 20% of the water that is added to
Mortandad Canyon each year. Most water (possibly 80 to 90%) is lost from the
alluvium by moving downward into underlying units. Contaminated alluvial
groundwater infiltrates into the underlying Bandelier Tuff and possibly other
hydrogeologic units. Neither the mechanism nor the location of the loss is
known. Two principal water-balance models present alternate hypotheses: one
indicates that most losses occur upstream of the confluence with Ten Site
Canyon; the other suggests that most losses occur downstream of the
confluence.

C15.

West of the sediment traps, the alluvium and the Cerro Toledo interval are
distinct hydrogeologic units separated by the Tshirege Member of the Bandelier
Tuff. Near the sediment traps and eastward these two units may merge into a
single hydrogeologic unit.

C16.

West of the sediment traps the Cerro Toledo interval may contain one or more
intermediate perched zones.
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TABLE 4.2-1 (continued)

ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism

Concepts/Hypotheses

C17.

Because the alluvium and the Cerro Toledo interval are similar in lithology,
identification of the Cerro Toledo interval beneath the alluvium may be difficult in
boreholes. Groundwater in the alluvium east of the sediment traps may infiltrate
directly into the Cerro Toledo interval.

c1s8.

It is not known whether losses from alluvium recharge any intermediate perched
zone(s). Based on logs of the boreholes for TW-8 and nearby water supply wells
(PM-3 and PM-5), no saturated zones have been observed in any unit beneath
the alluvium until the depth of the regional aquifer. However, when the boreholes
for these wells were drilled, intermediate perched zones were not anticipated,
and any perched water may not have been recognized because of drilling
methods (fresh water and mud rotary drilling). Moreover, the drilling for TW-8 was
conducted in 1960 before discharges from the TA-50 RLWTF began;
intermediate perched zones could have developed subsequent to and as a
result of these discharges.

D. Infiltration and
unsaturated zone flow
and transport

D1.

Infiltration into the surface soils depends on the rate of rainfall or snowmelt,
proportion of discharges added, existing soil moisture, depth of soil, rate of
evapotranspiration, and properties of soil and bedrock.

D2.

Precipitation runoff and discharges infiltrate the alluvium. Dissolved
contaminants infiltrate more readily than contaminants that are adsorbed onto
sediment particles. Nonsorbing species (for example, tritium and anionic
species) migrate in solution virtually as fast as the water physically moves.

D3.

Transport of normally insoluble or strongly-sorbed contaminants in the
unsaturated zone can occur by movement of colloidal-size suspended solids.
Nonsorbing species (for example, tritium or anionic species) migrate in solution.

D4.

The rates of infiltration into and percolation through tuff and the underlying units

by unsaturated flow depend primarily on the unsaturated hydraulic properties of

the rock units and the degree of saturation. The relative importance of horizontal
versus vertical flow is not fuily understood in Mortandad Canyon.

Ds.

Transient and steady-state liquid flow at depth can be very slow in unsaturated
tuff and other bedrock units under low moisture contents.

D6.

Both liquid-film and vapor-phase unsaturated flow occur at varying depths in
unsaturated tuff beneath the alluvial groundwater in Mortandad Canyon.

D7.

Open joints, faults, and fractures may provide additional pathways for deeper
infiltration, transient flow, and lateral transport in the subsurface. Such
pathways could account for some of the major losses of water from the alluvium.

Ds.

Fractures contribute to liquid flow and transport at moisture contents above
some as yet undefined critical value. Beiow this value, flow in the rock matrix will

predominate.

Ds.

Mineral precipitation and sorption onto mineral surfaces will cause retardation of
contaminant migration.

E. Perched groundwater
and lateral flow at unit
contacts beneath
alluvium

E1.

Intermediate-depth units within the Bandelier Tuff (Guaje Pumice Bed), Cerro
Toledo interval, basalits, and the Puye Formation in the Mortandad Canyon
system have the potential to contain perched groundwater zones, due to
recharge from the overlying alluvium, similar to those found in canyons to the
north (Pueblo Canyon, Los Alamos Canyon, and Sandia Canyon).

E2.

Intermediate perched zones could be expected in areas where a sufficient water
source is present to maintain saturation; the annual losses from the Mortandad
Canyon alluvium are sufficient to warrant further investigation of potential
intermediate perched zones, especially within the Guaje Pumice Bed.

E3.

If present, intermediate perched zones may receive some recharge from
watersheds farther westward or northward; however, currently there is no
indication that this occurs upgradient from Mortandad Canyon.
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TABLE 4.2-1 (continued)

ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism

Concepts/Hypotheses

E4.

Intermediate perched zones have not been observed to extend laterally beneath
mesas. However, lateral spreading of such perched zones could occur
downgradient if the canyon course and the gradient of the perched zone do not
coincide. There is some indication of the presence of paleosurfaces beneath
Mortandad Canyon, which suggests the possibility of movement south-
southeast from the axis of the canyon if intermediate perched zones occur.

ES.

Contrast in hydraulic properties between layers causes zones of high moisture
content to develop near the contacts of the Tshirege Member, the Tsankawi
Pumice Bed, the Cerro Toledo interval, the Otowi Member, and the Guaje Pumice
Bed. These zones may also divert flow laterally and may be a mechanism for
either the losses from the alluvium or the apparent dilution of tritium in some
locations.

E6.

Contrast in hydraulic properties between the Guaje Pumice Bed and the
underlying Puye Formation or Cerros del Rio basalts may create locations for
intermediate-depth perched groundwater.

E7.

Buried paleotopographic surfaces and the dip of stratigraphic contacts may
influence the direction of laterally diverted flow. Other factors influencing flow
direction include grain size, flux through the system, fauits, and fractures. The
buried paleosurfaces of the pre-Tshirege (Tsankawi Pumice Bed/Cerro Toledo
interval) and pre-Otowi (Guaje Pumice Bed) may be particularly important
beneath Mortandad Canyon.

ES8.

Laterally diverted groundwater flow may return to the surface as springs or
seeps, as is observed in other canyons, although none are known to be
associated with Mortandad Canyon.

ES.

Contaminant concentrations of adsorbing species are expected to decrease
with depth because of dispersion, dilution, and/or geochemical attenuation
along flow paths. Contaminant concentrations of nonsorbing species could
potentially increase with depth due to past Laboratory effluent discharges that
contained higher concentrations of contaminants than recent effluent
discharges.

F. Vapor transport

F1.

Vapor-phase transport is important for some volatile contaminants andis a
viable mechanism by which tritium may have moved much deeper than any other
contaminant (except chloride and nitrate).

F2.

Vapor-phase transport is controlled by the vapor pressure of the contaminant
and the porosity, permeability, moisture content, and moisture characteristic
properties of the unsaturated medium (soil, sediment, or rock) and the
properties of the contaminants (except chloride and nitrate).

G. Regional aquifer and
saturated zone flow

and transport

G1.

Numerous permeable units in the Puye Formation, the Tschicoma Formation, and
the Santa Fe Group compose the regional aquifer.

G2.

Groundwater in the upper saturated zones of the regional aquifer apparently
moves generally eastward from the Jemez Mountains toward the Rio Grande
under natural hydraulic gradients. However, isotopic dating of the regional
aquifer water and transport rates calculated from hydraulic gradients and
hydraulic properties are widely divergent and inconsistent. The groundwater flow
system is poorly understood, especially as regards layering and the influence of
anisotropy in the vertical and horizontal permeability.

G3.

The hydraulic gradient of the regional aquifer averages about 60 to 80 ft per mile
within the Puye Formation and increases to 80 to 100 ft per mile along the
eastern edge of the plateau as groundwater enters the more permeable
sediments of the Santa Fe Group.

G4.

Based on aquifer tests, the rate of groundwater movement in the upper potion of
the regional aquifer ranges from 20 ft per year in the Tesuque Formation to 345 ft
per year in the more permeable Puye Formation.
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TABLE 34.2-1 (continued)

ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism

Concepts/Hypotheses

Gb5.

The upper saturated zones of the regional aquifer may be recharged in part from
the west, possibly from the Jemez Mountains. Alluvial groundwater may
contribute to regional aquifer recharge including infiltration along fault and
fracture zones or possibly along well boreholes on the Pajarito Plateau. Natural
recharge through undisturbed Bandelier Tuff on the mesa tops is believed to be
possible but is probably insignificant.

G6.

A portion of the regional aquifer discharges into the Rio Grande through springs
and seeps. Springs fed by the regional aquifer discharge an estimated 4300 to

5000 acre-feet of water annually to the portion of the Rio Grande in White Rock

Canyon.

G7.

Contamination of the regional aquifer beneath Mortandad Canyon by at least
tritium and nitrate has occurred at low levels as observed at TW-8. The
mechanism for this contamination is not fully understood, but it may be related
to a pathway along the well borehole itself or possibly to infiltration of
contaminants through an intermediate perched zone or the vadose zone(s).

G8.

The regional aquiferin the Los Alamos area is the only aquifer capable of
producing a large-scale water supply.

Go.

The regional aquifer exhibits artesian conditions in the eastern portion of the
Pajarito Plateau, especially near the mouth of Los Alamos Canyon. Recharge for
this portion of the aquifer may originate in the Sangre de Cristo Mountains. It is
not known whether such conditions extend near the confluence of Mortandad
Canyon and the Rio Grande. The regional aquifer exhibited slight artesian
conditions at TW-8 when the borehole for this well was drilled in 1960.

G10.

Where present, L.aboratory-derived contaminants in the regional aquifer would
be expected to be highly diluted compared with potential recharge sources such
as the contaminated alluvial groundwater. This is the observation near TW-8
where contaminant concentrations are factors of 1000 to 100,000 lower than in
the alluvial groundwater.

Biological pathways/transport

and exposure

H. Plant uptake

H1.

The ability of plants to absorb contaminants depends on soil and water
chemistry, soil microflora activities, contaminant characteristics, climatic
conditions, and the characteristics of individual plant species.

H2.

Contaminants in the rooting zone can be assimilated into the roots and
redistributed throughout plant tissues. The rooting zone can include alluvial
groundwater.

H3.

Contaminants in plant tissues can be redistributed by herbivore feeding and by
erosional transport of dying leaves, branches, stems, and roots, and by wind.

H4.

Tritium is transpired to the atmosphere by ponderosa pines in Mortandad Canyon
at essentially the same concentration as the water in the alluvial groundwater.

H5.

Plant surfaces are contaminated by deposition from rain splash of contaminated
soil onto stems and leaves. Deposition of atmospheric contaminants, such as
worldwide fallout, also contributes to contamination.

I.  Animal uptake

Animals can ingest contaminants by consuming water from the active channel or
from water ponded for limited periods at locations such as the sediment traps.

Animals consume leaves, stems, and roots; surficial contamination is the
largest contribution. Bees consume both water and plant products (such as
nectar) and the contaminants they contain, especially tritium.

Animals also consume contaminants that adhere to the surfaces of plant
tissues. Predators ingest contaminants that are in or on their prey.

Animals can ingest soil intentionally or incidentally while grooming, inhale
contaminants absorbed to airborne particles, and absorb contaminants through
abraded or injured skin while bathing or swimming in contaminated water.
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TABLE 4.2-1_ (continued)
ELEMENTS OF THE CONCEPTUAL MODEL FOR MORTANDAD CANYON

Pathway/Mechanism ' Concepts/Hypotheses

I5. Animalbehavior patterns and the elimination of feces and urine can disperse
contaminants away from source areas.

I16. Humans can consume the flesh from contaminated wildlife that have moved
away from contaminated areas.

I7. Behavior can decrease the degree of exposure to environmental contaminants
because food or water might not be obtained from a single site or behavior might
cause wildlife to be exposed to multiple contaminants and these exposures
might result in antagonistic, synergistic, additive, or other interactions between
contaminants.

18. Bioaccumulation of contaminants from the ingestion of animals and plants is an
important process for certain metals and anthropogenic organic compounds.

J. Bioturbation J1. Burrowing invertebrates (such as earthworms) and vertebrates (such as pocket
gophers) redistribute contaminants vertically and horizontally.
K. Biotic/abiotic K1. Vegetative cover affects erosion by both water and wind. Wildlife feeding
interaction behaviors affect vegetative cover.

K2. Disturbance of the soil surface and near subsurface by vertebrates also affects
the rates of erosion processes.

Atmospheric transport

L. Wind-borne dust L1. Entrainment is limited to contaminants in surface sediments in the canyon and
surface soils at PRSs.

L2. Entrainment, dispersal, and deposition are affected by moisture content, wind
speed, stability of the wind direction, and precipitation.

L3. Entrainment, dispersal, and deposition are affected by sediment and soil
properties, surface roughness, vegetative cover, and terrain.

L4. Resuspended particulates from Mortandad Canyon during the past 5 to 10 years
will have characteristic isotopic ratios of certain contaminants, especially
plutonium. This knowledge should permit statistical determination of at least a
maximum possible contribution of resuspended contaminants to the adjacent
mesa-top areas where air sampling stations collect continuous monitoring data.
Measurements of airborne contaminants at the air sampling stations closest to
Mortandad Canyon show levels no more than a few percent of any present
guidelines or standards.

M. Gas/vapor dispersion | M1. Gas exchange between the subsurface and the atmosphere provides a release

mechanism for volatile contaminants. Controlling factors include temperature

and pressure gradients; fracture and joint patterns; wind speed and direction;
and precipitation.

Sediments and associated contaminants deposited in different geomorphic locations, such as active
channels, inactive channels, and floodplains or low terraces, will remain in place for varying lengths of time.
Transport of sediments in the active channel occurs during relatively frequent, small- to moderate-sized
storm flows. Flows sufficient to redistribute sediment as far as the sediment traps have occurred about six
times in the last two decades (see Section 3.6). Only one precipitation event in the last 45 years is
believed to have caused surface flow from middle and lower Mortandad Canyon to extend uninterrupted
past the Laboratory boundary. Infrequent major precipitation events could result in sufficient precipitation
runoff to transport accumulated sediments off-site onto San lidefonso Pueblo land. Such events have
been estimated by numeric modeling as having a very low probability. The probability is even lower of a
single event large enough to fill the sediment traps completely, exceed the infiltration capacity of the
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broad channel west of state road NM4, and transport contaminants to the Rio Grande (see Section 3.6.3 in
Chapter 3 of this work plan).

4.2.2 Groundwater Transport and Resultant Exposures

The transport of contaminants in sediment or bedrock under saturated and/or unsaturated flow conditions
is considered a potentially significant transport pathway in the Mortandad Canyon system. Groundwater
under saturated conditions has been observed in two zones in Mortandad Canyon: the alluvium and the
regional aquifer. Each of these saturated zones provides transport pathways within the environment and,
potentially, to human and other biclogical receptors in the Los Alamos area. Saturated conditions may also
exist at some intermediate depth(s), as has been observed beneath Pueblo Canyon and Los Alamos
Canyon (see Section 3.7 in Chapter 3 of this work plan).

In upper Mortandad Canyon, surface water as active channel flow and shallow alluvial groundwaterin the
thinnest part of the saturated alluvium exchange and interact rapidly and supply water for plants, animals,
and livestock. The streamflow is supported by discharges and precipitation runoff. Occasional ponding
occurs in the sediment traps for limited periods after major precipitation runoff events. In the reach of
Mortandad Canyon from approximately its confluence with Ten Site Canyon eastward to the sediment
traps, the saturated alluvium is deeper, and no alluvial groundwater has been observed returning to
streamflow because the water table is 40 to 50 ft (12 to 15 m) below ground surface. An unsaturated zone
is located between the ephemeral stream channel and the alluvial groundwater. The groundwater in the
alluvium supplies some water to deeper rooted plants as indicated by the high concentration of tritium in
transpirate.

Hydraulic connections among the saturated zones and the groundwater flow rates in the unsaturated
zone are not well understood. Figure 4.1.3-1 shows the conceptual flow pathways between the different
possible zones of saturation. Contaminants are present in the alluvial groundwater that could migrate to
deeper zones of saturation. Hydraulic interconnections between the alluvium and intermediate perched
zones are known to exist in adjacent canyons; the Cerro Toledo interval and the Guaje Pumice Bed may
contain intermediate perched zones beneath Mortandad Canyon. A better understanding of intermediate
perched zones, if present, and the interconnections with the alluvium is important to evaluating potential
exposures to humans and the environment by these pathways.

Historically alluvial groundwater in Mortandad Canyon has contained the largest number and highest
concentrations of contaminants of any groundwater at the Laboratory because of the number, volume,
and proximity of effluent discharges. Contaminant occurrence is due to Laboratory discharges into
Mortandad Canyon (see Chapter 2 of this work plan). Groundwater in the regional aquifer appears to be
uncontaminated at most of the locations of water supply wells. Laboratory-derived tritium is the
contaminant of main concern because of its mobility. In specific locations, such as at TW-8, the regional
aquifer shows low (but above background) levels of tritium (<100 pCi/L) and nitrate.

The occurrence of alluvial groundwater in relation to alluvial stratigraphy is not completely understood. The
following hypotheses for the occurrence of alluvial groundwater that have been developed for the
observed water levels and degree of saturation in the Mortandad Canyon system. Hypotheses 1, 3, and 4
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are considered most likely, and hypothesis 2 is presented as a possibility, recognizing that a special
depositional environment might be required to create the necessary conditions.

1. The “Bathtub” Model (see Figure 4.2.2-1) applies to lower Mortandad Canyon, which receives
infrequent surface flow. When flow occurs, water infiltrates rapidly from the stream directly
downward to a confining zone and gradually fills available pore spaces. Groundwater levels would
respond rapidly to changes in streamflow head but, because of the large volume of available pore
spaces, a large volume of flow is necessary to increase water levels significantly.

2. The “Sausage” Model (see Figure 4.2.2-2) devolves from the “Bathtub” Model under seasonally
dry conditions into a gradation from a saturated center to an unsaturated exterior. When surface
flow is again present, water would infiltrate rapidly, filling available pore spaces outside the
“sausage,” and groundwater levels would respond slowly to changes in the streamflow head.

3. The “Interleaved Card” or Layer Model (see Figure 4.2.2-3) applies to the reach between the
sediment traps and wells MT-2 and MT-3. The structure of the alluvium consists of interleaved
aquitards in a sand and gravel matrix. Water spills downward from one clayey aquitard layer to
another but moves mainly horizontally downgradient rather than vertically. Groundwater levels
would respond variably to changes in the streamflow head.

4, The “Saturated Mound” Model (see Figure 4.2.2-4) applies to middle and lower Mortandad
Canyon from upstream of the confluence with Ten Site Canyon near wells MCO-4, -5, and -6
downstream to at least the sediment traps. The structure of the alluvium consists of low-
permeability deposits partially confining coarse alluvium at depth and the saturated zone forming a
convex upper surface. Groundwater levels would respond rapidly to changes in the streamflow
head.

It will be necessary to understand the mechanisms that govern the occurrence of the saturated alluvial
groundwater in Mortandad Canyon sufficiently well to determine if any significant exposure pathway
potential exists for future use scenarios. No springs nor seeps are known to be fed by the alluvial
groundwater and no humans use this water for drinking. However, soil moisture does support vegetation
that is used as forage by animals and for fuel and ritual or medicinal purposes by American Indians from

San lidefonso Pueblo.

Groundwater in the regional aquifer beneath the Pajarito Plateau provides municipal and industrial water to
Los Alamos County. Contamination has been observed in the regional aquifer beneath Mortandad
Canyon at TW-8 (see Section 3.7). The Los Alamos production wells closest to Mortandad Canyon are
PM-3 and PM-1 in Sandia Canyon about 7500 ft (2290 m) and 13,000 ft (3960 m), respectively, east of the
sediment traps and PM-5 on the mesa about 1800 ft (550 m) southwest of TW-8. Farther east of the
Laboratory, wells and springs in the regional aquifer provide water to residents, livestock, wildlife, and
plants at San lldefonso Pueblo. Therefore, groundwater is considered to be important as both a transport
and an exposure pathway.
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Figure 4.2.2-1. The "Bathtub" Model for alluvial groundwater in lower Mortandad Canyon.

F4.2.2-2 / MORTANDAD WP / 091997

Figure 4.2.2-2. The "Sausage" Model for alluvial groundwater in Mortandad

Canyon.
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Figure 4.2.2-3. The "Interleaved Card" or Layer Model for alluvial groundwater in Mortandad Canyon.

F4.2.2-4 | MORTANDAD WP / 072997

Figure 4.2.2-4. The "Saturated Mound" Model for alluvial groundwater in middie Mortandad Canyon.
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The hydrologic processes connecting the alluvium and any intermediate perched zones are not yet
understood. Without such an understanding, the possibility of multiple connections, including saturated
flow pathways to the regional aquifer, must be considered as working hypotheses to be evaluated.

Some of the mechanisms that are known to function in Mortandad Canyon to transport water and
contaminants from the stream flow down to the unsaturated zones in the Otowi Member are

o direct infiltration as saturated flow that transports dissolved contaminants and very small
particulates and colloids,

o unsaturated liquid and liquid-film flow that transport dissolved contaminants and possibly
some colloids, and

. unsaturated, vapor-phase flow that transports only contaminants that can occur as vapor
(such as tritiated water and some volatile organic compounds).

Saturated flow (Sat) shown in Figure 4.1.3-1 operates between stream flow and shallow alluvial
groundwater. It may also occur along well boreholes, fractures, and downdip interfaces or contacts
between strata with different properties. Saturated flow within the aliuvium of Mortandad Canyon may
extend laterally off-site along the channel. There is recent indication at well MCO-13 that saturation occurs
farther downgradient than previously observed. Saturation at MCO-13 may be located in the combined
alluvial/Cerro Toledo hydrogeologic unit (see Figure A-3 in Appendix A of this work plan). Downward
saturated flow may be responsible for the observed tritium and nitrate contamination in the regional aquifer
at TW-8. Saturated matrix flow and/or fracture flow along stratigraphic contacts or in paleochannels needs
to be further evaluated as a possible mechanism for understanding the significant loss of water from the
alluvium.

Unsaturated liquid and liquid-film flow (U,) shown in Figure 4.1.3-1 operates between the stream channel
and the deeper saturated alluvial groundwater in the reach of Mortandad Canyon from about well MCO-5
eastward to the sediment traps. There is some evidence that this mechanism has also transported some
contaminants beneath the base of the alluvium in the unsaturated zone vertically to the interface of the
Tshirege Qbt 1g unit with the Tsankawi Pumice Bed and/or the Cerro Toledo interval.

Unsaturated vapor-phase flow (U,) may have transported tritiated water as a contaminant in the two
deepest boreholes (for moisture access tubes MCM-5.9A and MCC-8.2) to depths of about 200 ft (61m).
This mechanism requires further investigation to determine how far the vapor-/aqueous-phase transport
of tritiated water may extend.

Updates to the conceptual model are documented in the annual Hydrogeologic Workplan reports.
4.2.3 Biological Transport and Resultant Exposures

Biological transport is considered to be less important than surface water and sediment transport or
groundwater transport as a means of dispersing contaminants. However, uptake and transport of
contaminants by plants and animals can be important transport and exposure pathways. Plants and
animals can be exposed directly to contaminants and can assimilate contaminants from water, sediments,
and soils into tissues. Animals can ingest the contaminants and transport them to other organisms,
including humans.

Mortandad Canyon Work Plan 4-17 August 1999



Conceptual Model Chapter 4

The availability of soil- or sediment-borne contaminants to plant tissues depends on soil and pore water
chemistry, which are influenced by soil microflora, mineralogy, and the chemical and physical
characteristics of the contaminants. Contaminants in the root zone of plants can be assimilated by roots
and redistributed to different parts (such as leaves, stems, seeds, or fruits) or products (such as nectar or
pollen) and become available for ingestion by biological receptors. After certain contaminants (such as
tritium in the form of tritiated water) have been assimilated by the roots, the contaminants can be transpired
to the atmosphere.

Plant surfaces can become contaminated by deposition of airborne contaminants or by rain splash.
Surface contamination is probably the largest contribution to most plant contamination. These
contaminants can be assimilated by the plant and gradually released to soils by subsequent rainwash or by
wind-aided dry removal. Dropping leaves and other dead or dying plant tissues also return contaminants to
the ground where they are subject to erosion or dispersion.

Animals can ingest contaminants that are on plant surfaces or in plants, other animals, or soil. Incidental
ingestion of soil by animals occurs during grooming and feeding. The amount of incidental soil that is
ingested while feeding is affected by where and how the animals forage. Animals can also ingest soil
intentionally. The extent to which animals redistribute contaminants depends on their behavior,
physiology, and the characteristics of individual contaminants.

While obtaining food and shelter, certain burrowing vertebrates and invertebrates cause soils to be
redistributed laterally and vertically. This process, called bioturbation, can cause surface contaminants to
become buried and underground contaminants to be brought to the surface. Currently its‘potential
significance in the Mortandad Canyon system is unknown.

The rate of soil erosion is affected by plants and animals. Dynamic and heterogeneous plant communities
produce vegetative cover that affects erosion rates. The characteristics of these plant communities are
affected by interactions with animals, including humans. Large, hoofed animals can also affect erosional
processes by disturbing the soil surface.

4.2.4 Atmospheric Transport and Resultant Exposures

Transport of fine-grained contaminated particles by wind can be a means of contaminant dispersal in the
Mortandad Canyon system. Resuspension of sediment and soils by winds is considered to be one of the
predominant pathways for radiological exposure to humans because dust can easily be lifted high enough
to be inhaled by humans (see Chapter 6 of the core document [LANL 1997, 55622] for a discussion of
exposure pathways and scenarios). Current understanding of wind patterns in the canyon system and the
interaction between mesa-top and canyon winds is preliminary; however, airborne resuspension and
transport of sediments out of the canyons is not expected to be a significant contaminant transport

pathway.

The predominant wind direction across Mortandad Canyon is from the south/southwest. Diurnal variations
are important, with local east winds during the day and local west winds (drainage winds) at night. Wind
directions on the mesa tops are considered to be at least partially independent of those in the canyons.
For example, during the warmer months south or southwest winds on the mesa tops can induce north or
northwest winds in the canyons.

Wind speed on the mesa tops is sufficient to transport contaminated dust from the mesa tops to the
canyons, especially during the spring when the winds are strongest. However, this is not a significant
source of contamination in the Mortandad Canyon system. Airborne resuspension of sediments by wind is
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affected by the distribution of grain sizes in the sediment, moisture content, snow cover, and vegetative
cover. All these factors suggest that airborne resuspension of sediments will be less effective in the
canyons (which are typically well-vegetated and moist) than is airborne resuspension of dust on the mesa
tops (which are typically thinly vegetated and dry). The broader and shallower reaches of the canyons are
more favorable sites for airborne resuspension of sediments. Wind-borne transport of contaminants out of
Mortandad Canyon to the adjacent mesa tops is probably relatively insignificant. Local airborne
resuspension may be important for land use scenarios in reaches that contain greater contaminant
inventories (such as the sediment traps). Direct radiation exposure from contaminated sediments may be
the most significant exposure in terms of doses received by occupants of the canyon.

4.3 Refinement of the Conceptual Model

The conceptual model will be refined by interpretation and analysis of new data from the sampling and
analyses proposed in Chapter 7 of this work plan, work at other operable units, the site-wide studies of the
Environmental Restoration Project Earth Science Council, and investigations coincident with new well
installations proposed under the Laboratory’s Groundwater Protection Management Program Plan (LANL
1995, 50124) and the Hydrogeologic Workplan (LANL 1996, 54430).

The following major areas will be refined.

. Development of a higher-confidence probabilistic estimation of exposure potential associated
with sediment transport. This process could be extremely complicated and require consideration
of many variables, each with its own probabilistic distributions. These variables inciude
precipitation, antecedent moisture effects on runoff and infiltration, sediment supply, degree of
incision in a given canyon or reach, and mixing of sediment sources during transport.

. Improved understanding of the mechanisms for most of the water loss from alluvium with sufficient
confidence to know if it represents a pathway with a significant exposure potential.

. Improved understanding of the mechanisms for observed contamination in the regional aquifer
with sufficient confidence to know if the mechanism represents a pathway with a significant

exposure potential.

. Other conceptual model components, as needed.
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7.0 SAMPLING AND ANALYSIS PLAN FOR THE MORTANDAD CANYON SYSTEM
7.1 Introduction

This chapter describes the rationale and plans for collecting and analyzing samples and field survey data to
characterize the Mortandad Canyon system. These data will be used to support an evaluation of present-
day risks to human health and the environment from Laboratory-derived contaminants that move through
the Mortandad Canyon system and an evaluation of the potential for future off-site exposure and impact
on the Rio Grande. Evaluation of these risks and impacts requires testing and refining of the conceptual
model of occurrence, transport, and exposure route of contaminants in the Mortandad Canyon system
(hereatfter “the conceptual model”) (see Chapter 4 of this work plan). In.accordance with the focused
sampling strategy described in Chapter 5 of the Core Document for Canyons Investigations (hereafter
“the core document”) (LANL 1997, 55622), results of field surveys and sample analyses conducted
initially will be used in conjunction with comparison to and reinterpretation of extensive existing data to
revise subsequent sampling and analyses. Sampling and analysis plans presented in this chapter
describe general approaches to be followed and general areas to be sampled. Specific sampling locations
will be defined based on data collected from the initial tasks. LANL will work closely with NMED to finalize
sampling locations and analytical suites.

Sections of this chapter present the plans for sampling and analysis of each of the transport pathways
and exposure routes described in Chapter 3 and Chapter 4 of this work plan. Each section will (1) state
the objectives for the investigation of each media and transport pathway; (2) discuss elements of the
transport pathways and their importance; (3) identify issues to be addressed to assess risk and impacts
and identify appropriate remedial measures; and (4) describe the approaches used to resolve the
issues.

The remainder of this section defines issues to be addressed and provides overviews of the information
to be collected, the specific objectives of the sampling and analysis plan, and the data quality objectives
for the investigations. Section 7.2 describes plans for sediment characterization. Section 7.3 describes
plans for characterizing the hydrologic system including (1) surface water and alluvial groundwater (and
the alluvium that contains it), (2) Bandelier Tuff groundwater, and (3) the regional aquifer. Section 7.4
describes plans for characterizing the air exposure pathway. Section 7.5 describes the biological
sampling program, which includes an evaluation of the impact of Laboratory-derived contaminants on
the canyon ecosystems and an evaluation of the human health risks from contaminants in plants and
animals.

Table 7.1-1 summarizes the known chemicals of potential concern (COPCs) and their potential original
source areas in the Mortandad Canyon system. The COPCs are grouped in part according to protocols
that will be used for sample analyses. This table is based on the list of COPCs and on data collected from
previous studies (summarized in Chapter 3 of this work plan) showing actual occurrence of contaminants
in the Mortandad Canyon system.

Table 7.1-2 shows the initial estimates of the numbers and types of samples to be collected during the
investigations. The numbers will be revised throughout the characterization in accordance with the
focused sampling strategy and the various tests of data adequacy discussed in Section 5.3.7 and Section
5.3.8 in Chapter 5 of the core document (LANL 1997, 55622). Changes to the numbers of samples will be
recorded and described in reports on these investigations.
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TABLE 7.1-1

CHEMICALS OF POTENTIAL CONCERN IN MORTANDAD CANYON
AND SOURCE AREAS*

Known COPCs

Source Areas

Radionuclides

#Am TA-35, TA-48, TA-50

“Co TA-48, TA-50

¥Cs TA-3, TA-35, TA-48, TA-50

#py TA-3, TA-35, TA-42, TA-48, TA-50
2Py TA-3, TA-35, TA-42, TA-48, TA-50
Rare earth elements or lanthanides TA-35

Sy TA-3, TA-35, TA-42, TA-48, TA-50
Tritium TA-35, TA-48, TA-50

Uranium TA-4, TA-5, TA-48, TA-50, TA-52

Organic Chemicals

High explosives TA-4, TA-5

Hydrocarbons TA-35, TA-48

PCBs TA-35, TA-48, TA-50

Pesticides General

Photographic chemicals (organic acids) TA-4, TA-5, TA-35

SVOCs TA-35, TA-48
tnorganic Chemicals

Arsenic TA-50

Barium TA-50

Beryllium TA-50

Chromium TA-50

Fluoride TA-50

Lead TA-50

Mercury TA-48, TA-50

Nickel TA-50

Nitrate TA-50

Selenium TA-50

Silver TA-4, TA-5, TA-35

*This table contains preliminary information from RFI work plans, draft RFI reports, and other available reports.
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Act (RCRA) Hazardous Waste Facility Permit (EPA 1990, 1585). Specifically relevant to Mortandad
Canyon, the HSWA Module Section C.3 also requires, through maintenance of existing sediment traps or
construction of new ones, that all residual sediment contamination be contained within the facility
boundary. The Environmental Protection Agency (EPA) (EPA 1996, 55500) and the New Mexico Water
Quality Control Commission (1995, 50265; 1995, 54406) have set standards for nonradionuclides and
some radionuclides for drinking water, surface water, and groundwater that may be applicable to water
examined during these investigations; the Department of Energy (DOE) (DOE 1990) sets guidelines for
radionuclide concentrations in water. ‘

7.1.5 Overview of Information To Be Collected

To address the general objectives and canyon-specific issues discussed Section 7.1.1, data sufficient to
meet the following objectives will be necessary.

1. Identification of contaminant concentrations and distributions in (1) sediments and associated
soils, (2) surface water, (3) groundwater, and (4) the biological environment in the Mortandad
Canyon system within and outside the Laboratory boundaries. These data may be obtained
through a combination of literature review, compilation and interpretation of previously
unpublished data, media sampling and analysis, and techniques such as geostatistical modeling,
as appropriate, for uncertainty reduction.

2. Refinement of the conceptual model, which is discussed for the canyons in general in Chapter 4
of the core document (LANL 1997, 55622) and for the Mortandad Canyon system specifically in
Chapter 4 of this work plan. The process of refinement will involve identification of “reaches” or
locations for investigating sediments, surface water, and groundwater most important for
addressing present-day risk to human health and ecosystems and contaminant transport
components of the conceptual model including contaminant sources such as the TA-50 RLWTF
discharge.

3. Identification of contaminant transport pathways and improvement in understanding transport
mechanisms, including sediment and water sampling accompanied by chemical and physical
analyses described in Section 7.2.6, Sediment Sample Collection and Analysis, and in Section
7.3.4, Surface Water and Groundwater Characterization, and the ability to predict the potential for
movement of present-day contaminants to off-site areas

Groundwater and surface water sampling, geochemical and hydrological modeling, sediment-
contaminant distributions, colloid characterization, and selective extractions of sediment samples
are activities that will help in determining transport mechanisms within the Mortandad Canyon
system. These activities are described in Chapter 7 of the Mortandad Canyon Work Plan.

4, Identification of culturally and historically significant locations within or adjacent to the Mortandad
Canyon system that may be of concern to the Indian Pueblos

5. Refinement of the assessment of potential human exposure and ecological risk by improving
confidence in the upper limits of risk to present and future land users (including Indian Pueblos),
recreational users, and animals that could result from the migration of contaminants

6. Identification of risks to biological communities (including humans) inhabiting or using the Rio
Grande (now and in the future) as a result of transport of contaminants from Mortandad Canyon

7. Identification of remediation strategy(ies) for cleanup of specific area(s) in Mortandad Canyon, as
determined in these investigations

8. Long-term monitoring needs and/or needs for institutional controls
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The following topics will be addressed in each section that follows, which describe the sampling and
analysis of each media and transport pathway:

. how the data will be used to address the issues and objectives discussed above,

) assumptions underlying the data collection process,

. requirements for data quality to meet the intended use, and

. measurements to verify the underlying assumptions and data quality requirements.

7.1.6 Data Quality Objectives

The objectives for data quality include obtaining information sufficient to reduce uncertainties in model
input parameters for transport, human health risk assessment, and ecological risk assessment to
acceptable levels. The focus is on reducing uncertainties only to a point where (1) a remediation decision
will not be affected by further reduction in uncertainty or (2) the cost of the additional data needed to
further reduce uncertainty exceeds the cost of the remediation decision.

The quality objectives for data to address objectives 1, 2, and 3 listed in Section 7.1.5 will be met by
summarizing existing data (Chapter 3 of this work plan), using the data to develop preliminary distributions
of parameters, and designing appropriate field sampling and analysis plans to iteratively reduce
uncertainties in the preliminary distribution of those parameters that contribute most to the uncertainty in
human health risk assessment and contaminant transport evaluation. These parameters might be field
analyte concentrations, hydrological connectivity and groundwater extent, groundwater geochemistry,
particle size determination, bioconcentration/bioaccumulation in plant and animal tissues, or extent of
geomorphic units with respect to depth and age of deposition. These and other parameters will be
addressed by sampling and analysis to the extent necessary to either minimize uncertainty in the
distributions or to distinguish between human health risk and remediation decisions with a high degree of
confidence.

The quality objectives for data to address objectives 4 and 5 listed in Section 7.1.5 will include survey
information from population samples considered representative of the Indian Pueblo concerns. The
survey will require review of a proposed plan by the tribal council. A more extensive survey may be
necessary for those parameters that contribute major uncertainty to potential exposure pathways that are
discussed in Chapter 6 of the core document (LANL 1997, 55622) (for example, species and gathering
locations for plants used for medicinal or dietary purposes).

7.2 Sediment Sampling and Analysis Plan

This section presents the sampling and analysis plan for investigating potentially contaminated sediment
in the Mortandad Canyon system. Thirteen reaches downstream of known Laboratory sources of
contamination have been selected for detailed investigation; 4 of the 13 reaches will be investigated
contingent upon the findings of investigations in other canyon systems or other operable units as
discussed in each reach description below. These reaches will be characterized by radiological and
geomorphic surveys and by chemical analysis of sediment samples collected from potentially
contaminated geomorphic units. Some geomorphic characterization of pre-1943 sedimentary deposits
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will also be conducted to improve the ability to evaluate longer-term (greater than 50 years) sediment
transport processes. LANL will work closely with NMED to finalize sampling locations and analytical suites.

7.2.1 Objectives
The objectives of the sediment investigation are summarized as follows:

. determine the nature and extent of Laboratory-derived contamination associated with post-1942
sediment deposits;

. evaluate the present-day risk to human health and ecosystems from contaminated sediments on-
site, off-site, and at the Rio Grande;

. collect data to evaluate and refine the contaminant transport components of the conceptual
model; and
. assess the projected impact of contaminated sediments on off-site receptors and on the Rio

Grande by projecting trends in risk estimates that may resuit from migration of contaminants off-
site, identifying the nature and amount of contamination that has migrated beyond Laboratory
boundaries, and identifying processes that could result in future migration.

The following sections present the data quality objectives for the sediment investigation and describe the
technical approach adopted to achieve these objectives.

7.2.2 Data Quality Objectives for Sediment Investigation

This section briefly describes the data quality objectives process (EPA 1994, 50288) as completed for the
geomorphic and radiological surveys and the sediment sampling and analysis portion of this chapter.

7.2.2.1 Geomorphic and Radiological Survey Data Quality Objectives
1. State the problem.

What areas in the selected reaches represent the distribution of contaminants in the various
sedimentary facies defined for the canyons?

2. Identify the decision(s).

Determine whether the geomorphic units are adequate to delineate the major spatial variations in
contaminant concentrations and sedimentary facies or whether further subdivision of mapping
units is necessary. Post-1942 sediments will be categorized by geomorphic unit, and a separate
sampling strategy will be developed for each unit. If units have significant vertical variation in
contaminant concentrations, the units may be subdivided into two or more distinct stratigraphic
layers. Radiation screening results and laboratory analyses will be examined to determine whether
the original geomorphic units are appropriate to define the contaminant distributions and
inventories in each reach.
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Determine which locations in each geomorphic unit should be sampled for full-suite, key
contaminant, and limited-suite analyses to meet the investigation objectives (see Section 7.2.1).

3. identify inputs to decision(s).

From geomorphic mapping

. Identified mapping units
. Characteristics of post-1942 sedimentary deposits
o Areal extent of units

From radiation survey

. Gross-alpha, -beta, and -gamma readings at selected locations

4. Define the study boundaries.
® Temporal

Generally, the sampling will be restricted to sediments deposited after 1942, when
potential contamination of the canyons began. Limited sampling of older sediments may
be conducted to test the validity of criteria for distinguishing post-1942 sediment and to
gauge the importance of other potential contaminant transport pathways. Geomorphic
criteria used to distinguish pre-1943 sediments are discussed in section 5.6.2.2 of the
Canyons Core Document (LANL 1997, 55622).

. Spatial

The sampling will be restricted to the stream channel and its floodplain in Mortandad
Canyon and selected tributary canyons and to areas downstream of the first identified
location of Laboratory-derived contamination. .

5. Develop decision rules.
. Geomorphic

Post-1942 sediments will be categorized by geomorphic unit and possibly by stratigraphic
layer within each unit, and a separate sampling strategy for contaminants will be

developed for each unit. The sampling and analyses will be conducted as described in
Section 7.2.6.1 for full-suite, key contaminant, and limited-suite analyses.

. Radiation

Any locations with radiation levels above the decision level, as established from the
distribution of the radiation survey data, will be candidates for full-suite or key contaminant
analysis as described in Section 7.2.5.1. Radiation screening results will be examined to
determine whether the original geomorphic units are adequately delineated to define the
risks using weighted average values for these units. The need to subdivide units into a
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more detailed level of identification may be established by the judgment of the technical
team.

Decision Rule #1

If the field mapping or the radiation screening data indicate mappable subdivisions within any
geomorphic unit (definable areas with either higher or lower radiation), then the site
geomorphologist will identify appropriate subdivisions of the unit.

Decision Rule #2

Field screening data will form part of the basis for selecting locations to be sampled for laboratory
analyses. Samples will be selected to represent the range of radiation levels and geomorphic
units observed but will be biased to sample most intensively the units with the highest radiation
levels.

Decision Rule #3

Localized areas showing high radiation levels (based on field screening) that occur in geomorphic
units will be investigated further by laboratory analyses of samples.

Specify tolerable limits on decision errors.

Limits on decision errors will be based on the degree of overlap in uncertainty with the decision
points discussed in Chapter 5 and Chapter 6 of the core document (LANL 1997, 55622).
Additional data will be obtained if reduction in uncertainty has the potential of changing the risk-
based decision as discussed in Chapter 6 of the core document.

7.2.2.2 Sediment Sampling Data Quality Objectives

1.

Gtate the problem.

What is the nature, extent, and inventory of contamination in the Mortandad Canyon system?
More specifically stated, the problem is to develop descriptions of the spatial distributions of
contaminants at levels of uncertainty sufficient to (1) determine whether any risks to human health
or the ecosystem currently exist on-site, off-site, or at the Rio Grande and (2) model contaminant
transport to quantitatively evaluate future risks.

Identify the decision(s).

Determine what contaminants are present in the sediments in Mortandad Canyon and selected

tributary canyons and their horizontal and vertical distribution based on data obtained from sample
analyses in the geomorphic units within each reach.

Identify inputs to decision.
. Archival information

. Sample location
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. Sample unit
. Concentrations of contaminants in each sample
4. Study boundaries.

Spatial boundaries will be determined by the boundary of each specified reach. No limits are set
on temporal boundaries.

5. Develop a decision rule.
Decision Rule #1

Field screening data will form part of the basis for selecting locations to be sampled for laboratory
analyses. Samples will be selected to represent the range of radiation levels and geomorphic
units observed but will be biased to sample most intensively the units with the highest radiation
levels.

Decision Ruie #2

Any contaminant identified at concentrations exceeding the 95% upper tolerance limit (UTL) of
the current background (McDonald et al. 1997, 04-0328) or whose distribution is different from
that of the background data in the full-suite or key contaminant analyses will be added to the
limited-suite analytical protocol for all samples from that reach (see Table 7.2.6-3 and Table 7.2.6-4
for 95% UTLs for background levels in sediments).

Decision Rule #3

Any contaminant identified at concentrations exceeding the 95% UTL of the current background
or whose statistical distribution is different from that of the background data will be evaluated in the
risk assessment for that reach.

6. Specify tolerable limits on decision errors.

Limits on decision errors will be based on the degree of overlap in uncertainty with the decision
points discussed in Chapter 5 and Chapter 6 of the core document (LANL 1997, 55622).
Additional data will be obtained if reduction in uncertainty has the potential of changing the risk-
based decision as discussed in Chapter 6 of the core document.

7.2.3 Technical Approach for Sediment Investigation

The technical approach for the sediment investigation follows the decision logic discussed in Chapter 5 of
the core document (LANL 1997, 55622) and includes the testing of key hypotheses of the conceptual
model for the Mortandad Canyon system, which are discussed in Chapter 4 of this work plan. The
investigation will focus on potentially contaminated sediment deposits but will also include supplemental
characterization of pre-1943 deposits.

The sediment sampling and analysis plan focuses on selected areas of the Mortandad Canyon system
downstream of known contaminant sources. Field surveys and mapping, as well as sampling and analysis
tasks, will concentrate on up to 13 canyon reaches, each approximately 0.5 to 1 km long. A “reach” refers to
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a specific area of a canyon that will be treated as a single unit for sampling, analysis, and present-day human
health and ecosystem risk assessment. The reaches of the main canyon and selected tributary canyons
proposed for detailed investigation are shown in Figure A-2 (Appendix A of this work plan) and in individual
reach maps. The precise length and area of each canyon reach will be defined by the geomorphic survey to
encompass the local variability in geomorphic units and to constitute a reasonable area for use in the risk
assessments. Between 5 and 9 km (3.1 and 5.6 mi) of a total canyon length of 22 km (13.7 mi) downstream
of the contaminant sources will be studied in detail. Focusing on relatively short reaches will allow the
collection of high-quality data in an efficient manner. Supplemental measurements, such as field radiological
data and the sizes of sediment deposits, may be made in intervening areas to improve confidence in
extrapolation between reaches. Possible decisions to obtain such supplemental measurements between
specific reaches will be made following evaluation of data from the reaches and identification of significant
uncertainties. It is expected that no data will be required for areas where levels of contamination in bordering
sampled reaches are below levels that may warrant remediation or other institutional actions. These levels
will be developed on a case-by-case basis and are currently under development by the ER Project. In
contrast, if data from the sampled reaches indicate the need for remedial action, it is expected that data on
levels of contamination in the bordering unsampled areas will be required.

One or more of the following criteria were used to select the reaches:

. areas where contaminant concentrations are expected to be highest as judged from previous
sampling and analysis activities and from the proximity of the canyon reach to the source areas;

. areas with a variety of present-day or reasonably possible future land uses (recreational,
residential, or ranching);

. areas with a variety of geomorphologic characteristics to allow better estimates of the total
contaminant inventory in the canyon and of variations in contaminant distribution between
reaches;

) institutional boundaries, to define contamination that has migrated off Laboratory property; and

. areas of concern to San lldefonso Pueblo.

Each reach will be used to address particular issues regarding potential contamination of the Mortandad
Canyon system. The set of reaches is intended to represent key aspects of the entire system. Issues to
be addressed by sampling in the individual reaches are discussed in Section 7.2.4.

In addition to the field survey and mapping tasks (which are described in Section 7.2.4), the sediment
sampling and analysis plan includes three types of sampling tasks.

. Collect samples for “full-suite” analysis

Purpose: analyze for the full suite of COPCs (organic and inorganic chemicals and radionuclides)
to define the limited suite of COPCs for the sediment investigation

o Collect samples for “key contaminant” analysis (see Section 7.2.5.1 and Chapter 5 of the core
document for a discussion of key contaminants)

Purpose: analyze for one or more key contaminants to define vertical and horizontal variations in
contamination and evaluate recent sediment transport processes
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. Collect samples for “limited-suite” analysis

Purpose: analyze for the limited suite of COPCs to define the degree of colocation between
different contaminants and to perform the present-day risk assessment

In addition, the samples will be analyzed for particle-size distribution to identify relationships among
particle sizes and contaminant concentrations.

Section 7.2.5 presents the strategy and rationale for sample collection. The strategy for each sampling
task will be decided based on the data collected during the initial field surveys and/or prior sampling.
Requirements for additional data will be developed based on the judgment of the technical team and

_ through frequent dialogue with the regulators. Some sampling may also address particular stakeholder
concerns that could arise based on data collected early in the investigation.

The products of the sediment investigation will be

. data to support an assessment of the present-day risk to on-site (within Laboratory boundaries)
receptors and the potential for off-site exposure from deposits of contaminated sediments in the
canyon system;

. a description of contaminant transport by sediment within the canyon system; and

. an assessment of the potential future trends in risk estimates due to existing contaminated
sediments moving downstream on Laboratory property, across San lidefonso Pueblo land, and to
the Rio Grande.

7.2.4 Canyon Reaches Proposed for Investigation

The following sections describe each of the reaches proposed for investigation and the significance of
each reach for evaluating present-day risk and potential future trends in risk from exposure to Laboratory-
derived contaminants (see Figure 7.2.4-1 and Figure 7.2.4-2). The reaches chosen for the sediment
investigation are as follows:

. three reaches in Ten Site Canyon (TS-1 through TS-3),

) one reach in Effluent Canyon (E-1),

. three reaches in upper Mortandad Canyon (M-1 through M-3),

. two reaches in lower Mortandad Canyon (M-4 and M-5) on Laboratory property and adjacent San

lidefonso Pueblo land, and

. up to two reaches in lower Mortandad Canyon (M-6 and M-7) on San lidefonso Pueblo land.

Investigation of M-6 and M-7 will depend on the results of investigations in upstream reaches. One of
these investigations, downstream of the confluence with Cafiada del Buey, will be deferred until the
investigation of Cafiada del Buey. Possible investigation of two additional reaches in an unnamed tributary
to Mortandad Canyon (reaches MCW-1 and MCW-2) will depend on results of prior sampling and analysis
of mesa-top potential release sites (PRSs). General maps of each reach are included with the individual
descriptions. The boundaries shown on the maps of each reach indicate the general area that will be
investigated; more precise definitions of the investigation boundaries will be based on the significant
geomorphic units found within each reach. Characterization activities will be focused on those
geomorphic units that are most likely to contain Laboratory-derived contaminants, supplemented by
geomorphic characterization of pre-1943 sediment deposits.
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TABLE 7.2.6-3

ANALYTE LIST, ESTIMATED DETECTION LIMITS, AND ANALYTICAL METHODS
FOR INORGANIC CHEMICALS IN SEDIMENT SAMPLES

EDL Background® Analytical Analytical
Analyte (mg/kg) (mg/kg) Method Protocol®
Metals
Aluminum 40 13260 ICPES SW-60108B
Antimony 1.0 5.0 ICPMS SW-6020
Arsenic 2 3.98 ETVAA SW-7060A
Barium 40 127 ICPES SW-60108
Beryllium 1 1.31 ICPES SW-6010B
Boron 10 N.A° ICPES SW-6010B
Cadmium 1 0.18 ICPES SW-60108B
Calcium 500 3850 ICPES SW-6010B
Chromium 2 10.5 ICPES SW-6010B
Cobalt 10 4.73 ICPES SW-6010B
Copper 5 9.97 ICPES SW-6010B
Iron 20 13800 ICPES SW-6010B
Lead 0.6 19.7 ETVAA or ICPMS SW-7421 or SW-6020
Magnesium 1000 2130 ICPES SW-60108B
Manganese 3 543 ICPES SW-6010B
Mercury 0.1 0.03 CVAA SW-7470A
Nickel 8 9.38 ICPES SW-6010B
Potassium 500 2690 ICPES SW-60108B
Selenium 1 <0.2 ETVAA SW-7740
Silver 2 0.28 ICPES SW-6010B
Sodium 500 1470 ICPES SW-6010B
Thallium 2 3.2 ICPMS SW-6020
Titanium 10 N.A. ICPES SW-6010B
Uranium 0.5 1.62 ICPMS SW-6020
Vanadium 10 19.7 ICPES SW-6010B
Zinc 4 60.2 ICPES SW-6010B
Other Inorganic Chemicals
Total cyanide 0.05 N.A. Colorimetry SW-8012A

c. N.A.=notavailable

a. Background for canyon sediment samples from McDonald et al. 1997, 04-0328
b. EPA SW-846 Method (EPA 1986, 31732)
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TABLE 7.2.6-4

ANALYTE LIST, MINIMUM DETECTABLE ACTIVITIES, AND ANALYTICAL METHODS
FOR RADIONUCLIDES IN SEDIMENT SAMPLES

Half-Life Detected MDA Background® Analytical

Analyte (yr) Emission (pCilg) (pCilg) Method
2Am 432.2 o 0.05 0.139 o-Spectrometry
28py 87.7 o 0.05 0.006 o-Spectrometry
239240p° 2.411x10* o 0.05 0.197 o-Spectrometry
“Sr 28.7 B 0.5 1.0 GPC
Tritium 12.3 B 250 pCi/L 0.068 LSC
=y 2.46 x 10° o 0.1 2.39 o-Spectrometry
25 7.04 x 10° o 0.1 0.16 o-Spectrometry
ey 2.34 x 107 N/A® 0.001 N.A° TIMS
8y 4.47 x 10° o 0.1 2.29 o-Spectrometry
Gamma spectroscopy N/A Y 0.2° N/A v-Spectroscopy
Gross-alpha N/A o 1.0 N.A. GPC
Gross-beta N/A B 1.0 N.A. GPC
Gross-gamma N/A Y 2.0 N.A. Nai(T1) or HPGe detection

a Background for canyon sediment samples from McDonald et al. 1997, 04-0328. Background values may include 85% UTLs or
maximum observed values.

b. The 2°Pu and 2®Pu isotopes cannot be distinguished by alpha spectrometry. The half-life of #*Pu is given.
c. N/A =not applicable

d. N.A.=not available

e. The MDA for '¥Cs is 0.2 pCi/g; the MDA for other analytes will vary.

According to Laboratory ER Project guidance, eight gamma spectroscopy radionuclides will be retained
and evaluated in data review. These radionuclides are americium-241, cesium-134, cesium-137, cobalt-
60, europium-152, ruthenium-106, sodium-22, and uranium-235. This list represents radionuclides that
are potential historical contaminants, have half-lives greater than one year, and are reliably measured by
gamma spectroscopy. Because releases into Mortandad Canyon are ongoing, the list of gamma
spectroscopy radionuclides that should be retained and evaluated in data review will be supplemented by
all activation or fission products on the Laboratory’s gamma spectroscopy list that are reliably measured.
Thus, the list of eight radionuclides is supplemented by the following activation or fission products:
manganese-54, cobalt-57, selenium-75, cerium-144, and protactinium-233.

The required QC procedures and acceptance criteria for both the inorganic and radiochemical analyses
(except 2*¥U) are found in the 1995 ER Project analytical services statement of work (LANL 1995, 49738)
or the version that is current when this work plan is implemented.
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7.2.6.3.3 Geotechnical Analysis

In addition to the chemical and radiochemical analyses, selected sediment samples will undergo
geotechnical analysis for particle size distribution using the American Society for Testing and Materials
(ASTM) methods described in LANL-ER-SOP-11.02, “Particle Size Distribution of Soil/Rock Samples”
(LANL 1991, 21556). ASTM Method D-422-63 will be used to determine the 10-um size fraction
(respirable particulate) in sediment samples. Other geotechnical analyses, such as mineralogy, may be
performed at the discretion of the technical team geologists.

7.2.6.3.4 Geochemical Analysis

The distributions of 2'Am, '¥Cs, 238py, 2929py, %Gy, 234y 235 238 fisgion products, activation products,
and nonradioactive species associated with different solid phases including organic matter, clay minerals,
and ferric oxyhydroxides present as separate phases or as coatings on sediment particles are important
considerations in assessing the mobility of the contaminants.
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More than 99% of the radionuclides discharged into the Mortandad Canyon system are associated with
channel and active floodplain sediments (Stoker et al. 1991, 7530). Contaminant distributions in the
sediments are controlied by sorption and desorption processes, which are inferred to include cation
exchange (most important for '¥’Cs and *Sr) and surface complexation (most important for 2'Am, **Pu,
230240py 2341 2351 28| and various nonradioactive metals) (Longmire et al. 1996, 48818). For risk analysis,
it is important to determine what solid phases contain the contaminants as functions of geomorphic
setting, sediment age, particle size, and mineralogy or composition (solid organic matter) because the
mobility and bioavailability of contaminants are controlled by these parameters. Mobilization of
contaminants in dissolved form to surface water and groundwater is partly controlled by the mineralogy,
surface area, and amount of organic matter that coats the sediments. This information will provide insight
into the sorption capacity of the different solid phases present in sediments by identifying the solid
phases associated with the radionuclides.

Sediment samples will be collected from the three different geomorphic settings (active channel, inactive
channel, and active floodplain) within each of several reaches to perform both particle-size analysis and
chemical extractions. Sediment samples will be sieved and separated into at least two size fractions: the
clay plus silt-sized fraction and the sand-sized fraction. In addition, a separate aliquot of sediment samples
(bulk samples) will not be sieved. However, both bulk sediment samples and sieved samples will have
twigs and leaves removed before the extraction tests. Standard soil extraction tests will be performed as
follows.

. Dithionite extractions to selectively dissolve total (nonstructural) iron in the forms of ferric
oxyhydroxide, organic-bound iron, amorphous ferric hydroxide, and hematite (Fe,O)

. Oxalate extractions to selectively dissolve iron in the forms of amorphous ferric hydroxide and
ferrihydrite

. Pyrophosphate extractions to selectively oxidize solid organic matter that coats the sediment
particles

Before chemical analysis, extracts will be acidified with HNO, to pH 2 to prevent mineral precipitation. The
different extracts will be analyzed for mercury and other metals by appropriate methods discussed in
Section 7.2.6.3.2 and for 2'Am, "¥'Cs, 2®Pu, 20240py, %Gy, 234, 235, 2%, and #**U using alpha
spectrometry, gas-flow proportional counting, and gamma spectroscopy. The analytical data will be used
to evaluate contaminant distributions and activities of radionuclides within the different size fractions (clay,
silt-sized, and sand-sized) as functions of age and geomorphic setting. Approximately 60 samples will be
collected for particle-size analysis and chemical extraction.

7.2.7 Characterization of Potential Release Sites in Mortandad Canyon

This section describes the sampling plan for characterizing the PRSs located within Mortandad Canyon
and its tributaries: PRS No. 00-001 (the sediment traps), PRS No. 50-006(d) (the TA-50 RLWTF outfall in
Effluent Canyon), and PRS No. 50-006(a) (contamination associated with a spill at the head of Ten Site
Canyon). These PRSs are described in detail in Chapter 2 and Chapter 3 of this work plan.

The approach to sample collection and analysis and the analytical methods will be similar to those
described in Section 7.2.6 except that hollow-stem auger drilling and sampling techniques and/or
hand-auger drilling and sampling techniques will be followed. The required procedures are listed in
Table 7.2.7-1. The best method for existing field conditions will be determined by the field team leader.
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TABLE 7.2.7-1
REQUIRED PROCEDURES FOR BOREHOLE SAMPLING

Title LANL-ER-SOP No.
Drilling Methods and Drill Site Management 4.01, R1
General Borehole Logging 4.04, RO
Monitor Well and RFI Borehole Abandonment 5.03, RO
Collection of Sand, Packed Powder, or Granule Samples Using the Hand Auger 6.18, RO
Sample Collection From Split-Spoon Samplers and Shelby Tube Samplers 6.24, RO
Core Barrel Sampling for Subsurface Earth Materials 6.26, RO
Management of Environmental Restoration Project Wastes 1.06, R1
Field Decontamination of Drilling and Sampling Equipment 1.08, RO
Radioactive Waste Management for ER Project Field Operations 1.11, RO

Boreholes will be drilled and samples will be collected to determine the distribution of contamination
associated with each PRS. The samples will be analyzed for COPCs, as determined from the preliminary
sampling and analysis described in Section 3.4 in Chapter 3 of this work plan. The analytes and analytical
methods are listed in Tables 7.2.6-3 and 7.2.6-4. Field screening for volatile organic compounds (VOCs)
will be performed; if the presence of VOCs is indicated, samples will be collected for VOC analysis.

This investigation will be performed in conjunction with the sediment investigations described in Section
7.2.6 and the alluvial groundwater investigations described in Section 7.3.4.1.2.

7.2.7.1 Characterization of PRS No. 00-001

PRS No. 00-001 comprises the old and current sediment traps, the clean-out piles, the sediment shafts,
and the sediment trap berms in Mortandad Canyon (Figure 3.4.4-11 and Figure 7.2.7-1). The site is
approximately 900 ft (274 m) long and 200 ft (61 m) wide downstream from the confiuence of Mortandad
Canyon and Ten Site Canyon. The sediment traps are located approximately 1.75 mi. (2.82 km)
downstream from the TA-50 RLWTF outfall and approximately 1.4 mi. (2.3 km) upstream from the
Laboratory boundary. A historical description of the sediment traps is provided in Section 2.3.1 in Chapter
2 of this work plan, and the results of previous sampling at the site are provided in Section 3.4.4.2.4 in
Chapter 3 of this work plan.

The sediment traps have been designated as a PRS although the traps are required by the HSWA Module
(EPA 1990, 1585) to be maintained and operated so that contaminated sediments do not leave
Laboratory property (see Section 2.3.2 in Chapter 2 of this work plan). Because the sediment traps are
operational and routinely (although infrequently) receive contaminated sediments, the approach
described in this section will focus on characterizing them at a specific point in time. The sediment shafts,
the old sediment traps, and the clean-out piles are not currently operational; characterization of these
structures will focus on determining the vertical distribution of contaminants and the contaminant
inventory. For the most part, the nature of the contaminants has been determined by preliminary
investigations, as described in Section 3.4.4.2.4 in Chapter 3 of this work plan.
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Investigations proposed for reach M-4 (defined in Section 7.2.4.4) as described in Section 7.2.5 and
Section 7.2.6 will provide geomorphic mapping and sampling and analysis, respectively, of the active
channel and inactive bank deposits. The investigation described in this section focuses primarily on
characterizing the sediment trap structures and alluvial material beneath the structures. The investigations
proposed for characterizing the alluvial sediments and alluvial groundwater, as described in Section
7.3.4.1.2, include drilling two boreholes (MCO-6.8 and MCO-7.2) near the sediment traps.

Boreholes are proposed to be drilled into the sediment traps, and samples will be collected to determine
the vertical extent of contamination associated with each sediment trap. Core samples will be collected
from each borehole as described below for the different sediment traps. The samples of the sediments
associated with the sediment traps may be sieved before analyses to determine contaminant
concentrations within each sediment size fraction. For example, samples may be sieved into two size
fractions: one greater than 0.05 mm (very fine sand size and larger) and one less than 0.05 mm (silt and
clay size). Samples of the alluvial material beneath the sediment traps will not be sieved.

The following issues will be addressed by the characterization of PRS No. 00-001.
Issue Number 1

What is the distribution of contamination at each of the old sediment traps? What is the vertical distribution
of the contamination, and does the contamination extend into the alluvial material beneath the old
sediment traps?

Importance

The old sediment traps were constructed in 1976; within 7 to 10 years they had filled with contaminated
sediments. At that time the sediments probably contained higher concentrations of contaminants than
present-day sediments in the canyon because of higher concentrations of contaminants in the TA-50
RLWTF outfall (see Section 2.4.6 in Chapter 2 of this work plan). The results of preliminary sampling and
analyses at the old sediment traps showed that higher activities of radionuclides were detected in the old
sediment traps than in the current sediment traps and clean-out piles (see Section 3.4.4.2.4 in Chapter 3
of this work plan). Additionally, the samples collected from both the 0 to 1-ft (0 to 0.30-m) and 2- to 3-ft
(0.61- to 0.91-m) intervals in the old sediment traps contained significantly elevated activities of
radionuclides, unlike the current sediment traps, which appear to contain significantly elevated activities
only within the 0 to 2-ft (0 to 0.61-m) intervals (the 2- to 3-ft [0.61- to 0.91-m] intervals in the current
sediment traps contain lower activities of radionuclides, see Section 3.4.4.2.4 in Chapter 3 of this work
plan).

Approach

The precise locations of the old sediment traps will be determined to the extent possible using
geomorphic mapping, review of aerial and ground photographs, and archival research. The boundaries of
the old sediment traps will be delineated and documented on site maps. This effort will be conducted as
part of the geomorphic mapping and sediment sampling for reach M-4. One of the old sediment traps
located near Sediment Trap No. 2 may have been partially or completely destroyed by excavation of
Sediment Trap No. 2. Efforts will be made to locate and characterize this old sediment trap; however,
characterization of the old sediment trap may be performed in conjunction with the characterization of
Sediment Trap No. 2.
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A minimum of two boreholes will be drilled in each of the old sediment traps to collect samples in the
sediments within the traps and the alluvial material beneath the traps. The boreholes will be located such
that an estimate of the size, shape, and volume of sediments in each sediment trap can be obtained.
Additional boreholes may be drilled to delineate the location and size of the sediment traps, if needed.
Core samples will be obtained from split-spoon core barrel samplers that will be lithologically examined;
detailed logs of the sediments will be maintained to identify the base of the sediment trap.

Four samples will be collected from each borehole. Two samples will be collected from the sediment
material within the trap: one from the 1-ft (0.30-m) interval immediately above the base of the sediment trap
and one from near the center of the sediment trap. Two samples will be collected from the alluvial material
beneath the sediment trap: one from the 1-ft (0.30-m) interval immediately beneath the sediment trap and
one from the bottom of the borehole. To obtain information on the depth of migration of contamination
beneath the old sediment traps, one of the boreholes at each sediment trap will be drilled to a depth of at
least 3 ft (0.91 m) beneath the trap, and the other borehole will be drilled to at least 5 ft (1.5 m) beneath the
sediment trap. Table 7.2.7-2 summarizes the samples to be collected in the old sediment traps; Figure
7.2.7-1 shows the locations of the proposed boreholes.

JABLE 7.2.7-2
SUMMARY OF SAMPLES TO BE COLLECTED AT PRS No. 00-001

Issue Location No. of No. of Samples No. of Samples No. of Samples
No. Boreholes Collected Sieved Analyzed

1 Old sediment traps 6 24 12 36

2 Current sediment traps 6 24 0 24

3 Sediment shafts 2 8 2 10

4 Clean-out piles 4 16 8 24
Berms 8 32 16 48

Total 26 142

Core samples will be field screened for VOCs and gross-alpha, -beta, and -gamma radiation; the results will
be used to select samples from the core and to guide advancement of the borehole to depths greater
than 5 ft (1.5 m) beneath the sediment trap, if warranted. Drilling deeper than 20 ft (6.1 m) beneath the
sediment traps is not anticipated. As discussed in Section 7.3.4.1.2, the boreholes for proposed wells
MCO-6.8 and MCO-7.2 are designed to characterize the alluvial sediments and alluvial groundwater near
the sediment traps.

Issue Number 2

What is the distribution of contamination at each of the current sediment traps? What is the vertical
distribution of the contamination, and does the contamination extend into the alluvial material beneath the
sediment traps?

Importance

The current sediment traps were constructed in 1986 and cleaned out and enlarged in 1991. Since 1991
Sediment Trap No. 1 has partially filled with water several times and has received a relatively small volume

August 1999 7-44 Mortandad Canyon Work Plan



Chapter 7 Sampling and Analysis Plan

of sediment that exists as a small alluvial fan extending from the mouth of the stream channel to near the
center of the sediment trap. Since 1991 fiow into Sediment Trap No. 2 and Sediment Trap No 3 has not
been observed.

The results of preliminary sampling and analyses showed that the activities of the plutonium isotopes in
the samples from the surface of the sediment traps averaged more than 100 times higher than the
activities at the 2- to 3-ft (0.61- to 0.91-m) depth. The activities of the plutonium isotopes in the samples
from the 2- to 3-ft (0.61- to 0.91-m) depth were 5 to 10 times higher than background levels (see Section
3.4.4.2.4 in Chapter 3 of this work plan). Investigations to characterize the alluvial material beneath the
sediment traps have not been performed.

Approach

The precise locations of recent sediments and the associated contaminant inventory within the sediment
traps will be determined to the extent possible using geomorphic mapping. This effort will be conducted
as part of the geomorphic mapping and sediment sampling for reach M-4.

A minimum of two boreholes will be drilled in each of the current sediment traps, and samples will be
collected to characterize the alluvial sediments beneath the traps. Core samples will be obtained from split-
spoon core barrel samplers that will be lithologically examined; detailed logs of the sediments will be
maintained to identify the effects of water infiltration and contaminant migration beneath the sediment
traps. One borehole will be drilled to a depth of 10 ft (3.0 m), and the other borehole will be drilled to a
depth of 20 ft (6.1 m) beneath each sediment trap. The drilling will be performed during a dry time of the
year to insure that water will not be present.

Four samples will be collected from each borehole. Samples in the 10-ft-deep boreholes will be collected
from the from following intervals: 2 to 2.5 ft (0.61 to0 0.76 m), 4.5to 5 ft (1.37t0 1.52 m), 7t0 7.5 ft (2.13 to
2.29 m), and 9.5 to 10 ft (2.90 to 3.05 m). Samples in the 20-ft-deep (6.1-m-deep) boreholes will be
collected from the following intervals: 4.5 to 5 ft (1.37 to 1.52 m), 9.5 to 10 ft (2.90 to 3.05 m), 14.5t0 15 ft
(4.42 to 4.57 m), and 19.5 to 20 ft (5.94 to 6.10 m). Table 7.2.7-2 summarizes the samples to be collected
in the sediment traps; Figure 7.2.7-1 shows the locations of the proposed boreholes.

Core samples will be field screened for VOCs and gross-alpha, -beta, and -gamma radiation; the results will
be used to guide advancement of the borehole to depths greater than planned beneath the sediment
trap, if warranted. Drilling deeper than 20 ft (6.1 m) beneath the sediment traps, or deeper than 40 ft

(12.2 m), is not anticipated.

Issue Number 3

What is the distribution of contamination at the location of the sediment shafts? What is the aerial and
vertical distribution of the contamination, and does the contamination extend into the alluvial material
beneath the sediment shafts?

Importance

Five sediment shafts were installed in 1974; within two years they had filled with contaminated sediments.
At that time the sediments contained higher concentrations of contaminants than present-day sediments
in the active stream channel because of higher concentrations in the TA-50 RLWTF outfall. The sediment
shafts are each 12 in. (0.30 m) in diameter and 20 ft (6.1 m) deep. Although they have been filled with

Mortandad Canyon Work Plan 7-45 August 1999



Sampling and Analysis Pla Chapter 7

sediment since 1976, they have probably continued to infiltrate surface water. Determining the inventory
of contaminants associated with the sediment shafts is an important part of the overall inventory of
contaminants at PRS No. 00-001.

No preliminary sampling was performed at the location of the sediment shafts.
Approach

The exact location of the sediment shafts will be determined to the extent possible using geomorphic
mapping, archival research, and possibly geophysical techniques such as ground penetrating radar. The
location of the sediment shafts will be documented on site maps. This effort will be conducted as part of
the geomorphic mapping and sediment sampling for reach M-4. Efforts will be made to locate and
characterize the sediment shafts, but if the exact locations of the shafts cannot be determined, boreholes
will be drilled to characterize the alluvial sediments in the area where the shafts were installed.

A minimum of two boreholes will be drilled near the sediment shafts, and samples will be collected and
analyzed to characterize the sediments within the shafts and the alluvial material adjacent to and beneath
the shafts. One borehole will be located within a shaft, and one borehole will be located approximately 5 ft
(1.5 m) from a shaft to provide a comparison with the amount of contamination in the alluvial material. The
borehole drilled into a shaft will be drilled to a depth of at least 3 ft (0.91 m) beneath the shafts, and the
other borehole will be drilled to at least 5 ft (1.5 m) beneath the shafts to obtain information on the depth of
migration of contamination beneath the sediment shafts. Additional boreholes may be drilled to delineate
the locations and area impacted by the sediment shafts, if needed. Core samples obtained from split-
spoon core barrel samplers will be lithologically examined; detailed logs of the sediments will be
maintained to identify the base of the sediment shaft(s). )

Four samples will be collected from each borehole. From the borehole drilled into a sediment shaft, two
samples will be collected from the sediment material within the shaft, one sample will be collected from the
1-ft (0.30-m) interval immediately above the base of the shaft (approximately 19- to 20-ft [5.8- to 6.1-m]
depth), and one sample will be collected from near the center of the shait, (approximately 10-ft [3.0-m]
depth). These samples will be sieved to remove particles larger than 2 mm, which will exclude the gravel
materials that were placed in the shafts to maintain stability. Two samples will be collected from the alluvial
material beneath the shaft: one from the 1-ft (0.30-m) interval immediately beneath the shaft and one from
the interval 3 to 5 ft (0.91 to 1.52 m) below the shaft. The exact sample locations will be determined by the
results of field screening. The locations of samples from the borehole drilled adjacent to the sediment
shafts will be determined by field screening; however, at least one sample will be collected from each 6-ft
(1.83-m) depth interval. Tentatively, the samples are proposed to be collected from the following depth
intervals: 5 to 6 ft (1.52 to 1.83 m), 11 to 12 ft (3.35 t0 3.66 m), 17 to 18 ft (5.18 to 5.49 m), and 24 to 25 ft
(7.32 to 7.62 m). Table 7.2.7-2 summarizes the samples to be collected in the sediment shaft; Figure
7.2.7-1 shows the locations of the proposed boreholes.

Core samples will be field screened for VOCs and gross-alpha, -beta, and -gamma radiation; the results will
be used to guide advancement of the borehole to depths greater than 5 ft (1.5 m) beneath the sediment
shafts, if warranted. Drilling deeper than 40 ft (12.2 m) beneath the sediment shafts is not anticipated.

Issue Number 4
What is the distribution of contamination in the clean-out piles and berms adjacent to each sediment trap?

What is the vertical distribution of the contamination, and does the contamination extend into the alluvial
material beneath the clean-out piles and berms?
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Iimportance

The sediment traps were constructed in 1986 and cleaned out and enlarged in 1991. The berms
surrounding the sediment traps contain alluvial material from the initial excavation and possibly additional
materials from the clean-out in 1991. The two clean-out piles adjacent to Sediment Trap No. 1 are the
result of removing sediment material from this sediment trap during the clean-out and enlargement in
1991. An old berm is present at the east end of one of the old sediment traps, which extends from near
this old sediment trap to Sediment Trap No. 2. This old berm has not previously been investigated. A total
of four berms are present at PRS No. 00-001.

During the preliminary investigation in 1995, samples were collected at the two clean-out piles from

depths up to 3 ft (0.91 m). The resulits of the analyses indicated that significantly elevated activities of
radionuclides are located in the northern clean-out pile; however, radionuclide activities in samples
collected from the larger, southern clean-out pile were not as elevated (see Section 3.4.4.2.4 in Chapter 3
of this work plan). Most of the contaminated material cleaned out of Sediment Trap No. 1 may be located
near the base of the clean-out piles, and cleaner alluvial material from the enlargement of the sediment
traps may be located on the top of the clean-out piles and/or on the berms that surround the sediment
traps. Samples were not collected from the berms during the preliminary investigation. Therefore,
additional sampling and analysis is necessary to determine the distribution of contamination associated
with the clean-out piles and berms. :

Approach

A minimum of two boreholes will be drilled in each clean-out pile and each berm, and samples will be
collected to characterize the sediments comprising the piles and berms and to characterize the alluvial
material beneath the piles and berms. The boreholes will be located such that an estimate of the size,
shape, and volume of sediments in each pile and berm can be obtained. Additional boreholes may be
drilled to further characterize the piles and berms, if needed. Core samples obtained from hand-augers or
split-spoon core barrel samplers will be lithologically examined; detailed logs of the sediments will be
maintained to identify the base of the piles and berms.

Four samples will be collected from each borehole. Two samples will be collected from the sediment
material from within the pile or berm, one sample will be collected from the 1-ft (0.30-m) interval
immediately above the base of the pile or berm, and one sample will be collected from near the center of
the pile or berm. Two samples will be collected from the alluvial material beneath each pile or berm: one
from the 1-ft (0.30-m) interval immediately beneath the pile or berm and one from the bottom of the
borehole. One of the boreholes at each pile or berm will be drilled to a depth of at least 3 ft (0.91 m)
beneath the pile or berm, and the other borehole will be drilled to at least 5 ft (1.5 m) beneath the pile or
berm to obtain information on the depth of migration of contamination beneath the pile or berm. Table
7.2.7-2 summarizes the samples to be collected in the clean-out piles and berms; Figure 7.2.7-1 shows
the locations of the proposed boreholes.

Core samples will be field screened for VOCs and gross-alpha, -beta, and -gamma radiation; the results will
be used to guide advancement of the borehole to depths greater than 5 ft (1.5 m) beneath the pile or
berm, if warranted. Drilling deeper than 10 ft (3.0 m) beneath the piles or berms is not anticipated.

7.2.7.2 Characterization of PRS No. 50-006(a)

PRS No. 50-006(a) is located at the head of Ten Site Canyon and is associated with past spills from an
outfall from TA-50, as described in Section 2.4.6 in Chapter 2 of this work plan. The site was partially
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decontaminated in 1981, and in 1996 and 1997 personnel from Field Unit 5 of the Environmental
Restoration Project performed an interim action at the site to remove a small volume of contaminated
sediments. The geomorphic mapping and sampling proposed for reach TS-1, as discussed in Section
7.2.4.1, will determine if contaminant migration from this site has occurred in upper Ten Site Canyon.
Because this PRS was a one-time release and contaminants at the site have probably been adequately
cleaned up, no subsurface investigations are presently proposed for PRS No. 50-006(a).

7.2.7.3 Characterization of PRS No. 50-006(d)

PRS No. 50-006(d) is contamination associated with the TA-50 RLWTF outfall in Effluent Canyon, as
described in Section 2.4.6 in Chapter 2 of this work plan. This outfall is designated as National Pollutant
Discharge Elimination System outfall 051 and has operated regularly since 1963. Contaminants
discharged from this outfall are discussed further in Section 3.8 in Chapter 3 of this work plan. Samples
were collected as part of the investigation for this site in 1993, and the preliminary results are presented
and discussed in Section 3.4.4.2.2 in Chapter 3 of this work plan.

A groundwater discharge plan for this outfall was submitted to the New Mexico Environment Department
(NMED) in August 1996 as part of the Groundwater Discharge Plan Application (LANL 1996, 55688). The
investigations proposed for reach E-1 (defined in Section 7.2.4.2) as described in Section 7.2.5 and
Section 7.2.6 will provide geomorphic mapping and sediment sampling and analysis, respectively. The
surface water and groundwater investigations proposed in Section 7.3.4 will supplement the investigation
proposed in this section. Collectively, the investigations proposed in Effluent Canyon and Mortandad
Canyon will contribute to the monitoring requirements of the TA-50 Groundwater Discharge Plan.

What is the distribution of contamination in the sediments below the TA-50 RLWTF outfall in Effluent
Canyon? What is the vertical distribution of the contamination, and does the contamination extend into the
bedrock units beneath the outfall area?

Importance

The results of the preliminary investigation show that activities of some radionuclides are elevated up to
more than 2000 times background levels in the sediments below the TA-50 RLWTF outfall (see Section
3.4.4.2.2 in Chapter 3 of this work plan). Concentrations of nine metals are elevated approximately five to
seven times background levels. The preliminary samples were collected from depths up to 4 ft (1.2 m).
Additional investigations are needed to determine the distribution of contamination associated with this
outfall.

Approach

The channel and bank sediments will be mapped using geomorphic mapping, and the associated
contaminant inventories in the stream channel below the TA-50 RLWTF outfall will be determined using
radiometric surveying and sediment sampling. This will be performed as part of the geomorphic mapping
and sediment sampling plan for reach E-1.

A minimum of two boreholes will be drilled in the stream channel in lower Effluent Canyon, and samples will
be collected to characterize the sediments beneath the outfali area. Core samples obtained from split-
spoon core barrel samplers will be lithologically examined; detailed logs of the sediments will be
maintained to identify the effects of water infiltration and contaminant migration beneath the outfall area.
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One borehole will be drilled to a depth of 40 ft (12.2 m), and the other borehole will be drilled to a depth of
80 ft (24.4 m).

A minimum of eight samples will be collected from each borehole. Samples will be collected from each 5-ft
(1.52 m) interval from the 40-ft-deep (12.2-m-deep) borehole and from each 10-ft (3.05-m) interval in the
80-ft-deep (24.2-m-deep) borehole. Figure 7.2.7-2 shows the locations of the proposed borehoies.

Core samples will be field screened for VOCs and gross-alpha, -beta, and -gamma radiation; the results will
be used to guide advancement of the borehole to depths greater than planned beneath the outfall area, if
. warranted. Drilling deeper than 100 ft (30.5 m) beneath the outfall area is not anticipated. The boreholes
for proposed welis MCOBT-4.4 and R-13, as discussed in Section 7.3.4.1.4 and Section 7.3.4.1.5,
respectively, are designed to characterize the alluvial and bedrock sediments and to determine if
intermediate perched groundwater is present below the TA-50 RLWTF outfall.

7.3 Surface Water and Groundwater Sampling and Analysis Plan

This section presents the sampling and analysis plan for investigating surface water and groundwater in
the Mortandad Canyon system. Surface water sampling and analysis is included with the groundwater
investigation because surface water in the canyon channel recharges the alluvial groundwater. The
strategy for sampling surface water, alluvial groundwater, Bandelier Tuff groundwater, and the regional
aquifer is described. Borehole cores will also be sampled and analyzed to determine the baseline and
contaminant geochemistry and hydraulic properties of water-bearing zones. To meet the objectives of the
groundwater investigation, 12 wells are proposed: 7 alluvial wells, 2 Bandelier Tuff wells, and 3 regional
aquifer wells. Sampling and analysis of surface water and groundwater will focus on characterizing the
hydrogeology of the Mortandad Canyon system as well as characterizing the nature of Laboratory-derived
contaminants present in both surface water and groundwater. LANL will work closely with NMED to finalize
sampling locations and analytical suites.

The schedule for collecting alluvial groundwater and surface water samples will be coordinated to provide
a “snapshot” in time. New wells installed will be sampled upon completion, and then twice again as part of a
coordinated snapshot sampling effort. The snapshot sampling efforts will be scheduled to coincide with
periods of low-flow and high flow surface water flow.

7.3.1 Objective

The objective of the surface water and groundwater sampling and analysis plan is to address the HSWA
Module (EPA 1990, 1585) requirements for characterizing the hydrogeology of the Mortandad Canyon
system to determine the Laboratory’s impact on surface water and groundwater. These requirements are
discussed in detail in Chapter 1 of the core document (LANL 1997, 55622). This work plan also
addresses, in part, the requirements of the groundwater discharge plan for the TA-50 RLWTF (LANL
1996, 55688) for characterizing contamination of groundwater in Mortandad Canyon. The groundwater
investigations address the presence of Laboratory-derived contaminants and will evaluate present and
future potential off-site exposures and impacts extending along the entire canyon to the Rio Grande,
which result from interactions between surface water and groundwater in different water-bearing zones.

The sampling and analysis plan consists of three phases: (1) a field investigation phase, (2) a data analysis
phase, and (3) a developmental and refinement phase for the detailed conceptual model of the canyon's
hydrogeological and geochemical system. The execution of each phase will interface with each of the
other phases in an iterative fashion until all phases have successfully merged into both conceptual and
computer models that quantitatively describe the hydraulic and contaminant mass transport relationships
between surface water and groundwater. An important objective of the plan is to evaluate the interactions
between surface water and groundwater in different water-bearing zones within the canyon system so that
future environmental surveillance efforts can be optimized. A corrective measures study may be identified
during the field investigation. This study would be implemented after the field investigation phase is
completed and data have been evaluated.
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The field investigation phase includes the following:

1. sample and analyze surface water and alluvial, intermediate perched zone, and regional aquifer
groundwater to characterize nature and extent of contamination;

2. collect surface water flow data from gaging stations;

3. measure evapotranspiration (ET) time series data from the canyon floor for water-balance
calculations;

4, collect water level time series data from each groundwater zone;

5. measure field parameters in water samples (pH, temperature, specific conductance, alkalinity,

dissolved oxygen, and turbidity); and
6. collect hydrogeologic data to characterize the vadose zone and other hydrologic zones.

The data analysis phase includes the following:

1. evaluate surface water infiltration losses into the alluvium,

2. evaluate ET losses from the canyon system,

3. measure infiltration into the Bandelier Tuff,

4. compare and contrast the geochemistry of all water samples, and

5. evaluate the potential for hydraulic and mass tra.mspovrt among all water-bearing zones.

Development of a detailed conceptual model includes the following:

1. validate and refine the conceptual model by integrating the results of field investigations and data
analyses into a flow-transport model(s),

2. evaluate present-day and future exposure at various locations,
3. evaluate potential contaminant migration pathways and future concentrations, and
4. identify contamination problems that require remediation.

After all three phases have been successfully completed, the Laboratory will satisfy the following
requirements: (1) hydrogeological and geochemical characterization of the Mortandad Canyon system; (2)
evaluation of historical, present, and future exposure risks; and (3) detailed recommendations for a long-
term environmental surveillance program plan that optimizes future water sample collection and the
frequencies and locations of water level measurements.

The sampling and analysis plan is designed to be flexible, and the objectives and approaches will be
refined and modified as new data are obtained. Revisions or refinements to the different components of
the conceptual model (see Chapter 4 of this work plan) will be based on the integration of results from all
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four components of the investigation as well as an integration and further interpretive analysis of data from
other previous and ongoing Laboratory studies (as discussed in Chapter 2 and Chapter 3 of this work
plan). Information gathered from implementing this work plan will also be used to focus geologic,
geochemical, and hydrogeologic characterization efforts in future work plans for other canyon systems.

7.3.2 Data Quality Objectives for Surface Water and Groundwater Investigations

7.3.2.1 Surface Water and Alluvial Groundwater Data Quality Objectives

This section describes the data quality objectives process (EPA 1994, 50288) as completed for the
surface and groundwater sampling and analysis portion of this chapter.

1. State the problem.

What is the present-day risk posed by contaminants in the surface water and alluvial groundwater
in Mortandad Canyon? How will that risk change with time?

2. Identify the decision(s).

What is the flux of water moving out of the alluvium west of MCO-5 and TW-8?
What is the areal extent of groundwater in the alluvium and Cerro Toledo interval?
Is there a process or pathway for exposure?

Are there or could there be contaminant levels above the maximum contaminant levels
(MCLs), New Mexico Water Quality Control Commission standards (1995, 54406), or
UTLs for background or at levels posing unacceptable human health or ecological risks in
appropriate land use scenarios?

What is the extent of contamination in sediments beneath the sediment traps?

3. Identify inputs to decision(s).

Infiltration rate of surface water and alluvial water below GS-1
Moisture content/saturation, water levels, saturated thickness, and temporal variations

Analyses of core and/or water samples for geochemical parameters and species,
including contamination indicators, temporal water quality variations, and a validated
conceptual model of groundwater geochemistry

Hydrologic properties, geologic structure, hydraulic gradients and predicted flow
directions, land use scenarios, spring discharge information, current/proposed well-
withdrawal points, and a validated conceptual model of the hydrologic system

4. Define the study boundaries.

Spatial

For initial planning use, the study will be limited by the boundaries for the Mortandad
Canyon investigation. '
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Temporal

Two sampling events will be conducted approximately six months apart
Chemical indicators sufficient to determine seasonal effects will be analyzed
Sampling of the upgradient alluvial well will be conducted semiannually
Interpretive Study

Interpretive study will be a major component of the investigation because of the extensive
amount of existing data, including both published and unpublished archival data, to be
integrated and interpreted conceptually and quantitatively. Before data can be used in
groundwater-flow, contaminant-transport and risk-analysis models they must be checked
for consistency with the conceptual hydrogeologic model.

Risk Assessment

Data needed to evaluate the present-day human health risk will be collected as partof a
single field investigation and should reflect high and low water levels to establish
appropriate ranges and uncertainties in source term distribution. Any major delay (more
than three years from start to finish) could make it difficult to evaluate potential annual
variations in separate elements of the risk assessment.

Because the field data will be collected during the first three years of the investigation, it is
anticipated that the present-day human health risk assessment will be completed in the
fourth year (see Chapter 6 of the core document [LANL 1997, 55622)).

5. Develop a decision rule.

Present-day human health risk assessments will include evaluation of alluvial groundwater with the
following assumptions.

Drinking water pathways

Contaminants with concentrations above standards or UTLs for background or that show
trends (observed or predicted) in concentrations over time, which indicates that
contaminants may exceed standards or UTLs in the future, will be evaluated.

Duration and pathway of exposure will be adjusted to reflect characteristics of the alluvium
considering specific yield.

Livestock and wildlife watering pathways

Appropriate state and Pueblo standards will be used to identify COPCs.

Duration parameters will be adjusted to reflect water saturation times.
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Plant uptake pathways

Contaminants that exceed the limits noted above will be evaluated.

6. Specify limits on uncertainty.

Additional data will be obtained if reduction in uncertainty of the data has the potential to change any risk-
based decision. This process is discussed in detail in Chapter 6 of the core document (LANL 1996,

55622).

7.3.2.2 Bandelier Tuff and Regional Aquifer Groundwater Data Quality Objectives

1. State the problem.

Does the potential exist for contaminants to move into Bandelier Tuff intermediate perched zones
(Guaje Pumice Bed) and the regional aquifer? Does it pose a potential risk?

2. Identify the decision(s).

Is intermediate perched zone groundwater present in the Bandelier Tuff (Guaje Pumice
Bed)?

Is there a process or pathway for exposure?

Are there or could there be contaminant levels at or above the MCLs, New Mexico Water
Quality Control Commission standards (1995, 54406), or UTLs for background or at levels
that pose unacceptable human health or ecological risks in appropriate land use
scenarios?

3. Identify inputs to decision(s).

Moisture content/saturation, water levels, saturated thickness, and temporal variations

Analyses of core and/or water samples for geochemical parameters and species including
contamination indicators, distribution coefficients, temporal water quality variations, and a
validated conceptual model of aquifer chemistry

Hydrologic properties, geologic structure, hydraulic gradients and predicted flow
directions, land use scenarios, spring discharge information, current/proposed well-
withdrawal points, and a validated conceptual model of hydrologic system

4. Define the study boundaries.

Spatial

For initial planning use, the study will be limited by the boundaries for the Mortandad
Canyon investigation. Decisions 1 and 3 may require extension of the study area east and
south of the limits of the canyons and possibly deeper toward the regional aquifer,
depending on the actual observations.
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. Temporal
- Field Study

Continuous groundwater levels will be recorded for two years in wells containing
pressure transducers.

Chemical indicators sufficient to determine seasonal effects will be analyzed.
- Interpretive Study

Interpretive study will be a major component of the investigation because of the
extensive amount of existing data, including both published and unpublished
archival data, to be integrated and interpreted conceptually and quantitatively.
Before data can be used in groundwater-flow, contaminant-transport and risk-
analysis models they must be checked for consistency with the conceptual
hydrogeologic model.

- Risk Assessment

Data needed to evaluate the present-day human health risk will be collected as
part of a single field investigation. Any major delay (more than three years from
start to finish) could make it difficult to evaluate potential annual variations in
separate elements of the risk assessment. Otherwise, the present-day risk can be
evaluated at any time after the data have been collected.

Because the field data will be collected during the first three years of the
investigation, it is anticipated that present-day human health risk assessment
investigations will be completed in the fourth year (see Chapter 6 of the core
document [LANL 1997, 55622)).

5. Develop a decision rule.

Present-day human health risk assessments will include evaluation of intermediate perched zone
groundwater and the regional aquifer with the following assumptions.

Drinking water pathways
. Contaminants with concentrations above standards or UTLs for background or that show
trends (observed or predicted) in concentrations over time, which indicates that

contaminants may exceed standards or UTLs in the future, will be evaluated.

. Duration and pathway of exposure will be adjusted to reflect characteristics of the alluvium
considering specific yield.

Livestock and wildlife watering pathways

. Appropriate state and Pueblo standards will be used to identify COPCs.
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. Duration parameters will be adjusted to reflect water saturation times.

Plant uptake pathways

. Contaminants that exceed the limits noted above will be evaluated.
6. Specify limits on uncertainty.

Additional data will be obtained if reduction in uncertainty of the data has the potential to change any risk-
based decision. This process is discussed in detail in Chapter 6 of the core document (LANL 1996,
55622).

7.3.3 Technical Approach for Surface Water and Groundwater Investigation

The technical approach to the surface water and groundwater investigation follows the decision logic
discussed in Chapter 5 of the core document (LANL 1997, 55622).

The key hypotheses of the current conceptual model (discussed in Chapter 4 of this work plan) that will be
tested during the groundwater investigation are as follows in order of importance.

. (C14) ET removes approximately 20% of the water that is added to Mortandad Canyon each year.
Most water (possibly 80 to 90%) is lost from the alluvium by moving downward into underlying
units. Contaminated alluvial groundwater infiltrates into the underlying Bandelier Tuff and possibly
other hydrogeologic units. Neither the mechanism nor the location of the loss is known. Two
principal water-balance models present alternate hypotheses: one indicates that most losses
occur upstream of the confluence with Ten Site Canyon; the other suggests that most losses
occur downstream of the confluence.

. (C5) Alluvial groundwater is recharged in the middle canyon (Effluent Canyon eastward to test
well [TW] -8) by infiltration of surface water from the stream channel and in the lower canyon
(TW-8 eastward to the sediment traps) by groundwater moving downgradient from upstream
reaches.

. (C18) It is not known whether losses from alluvium recharge any intermediate perched zone(s).
Based on logs of the boreholes for TW-8 and nearby water supply wells (PM-3 and PM-5), no
saturated zones have been observed in any unit beneath the alluvium until the depth of the
regional aquifer. However, when the boreholes for these wells were drilled, intermediate perched
zones were not anticipated, and any perched water may not have been recognized because of
drilling methods (fresh water and mud rotary drilling). Moreover, the drilling for TW-8 was
conducted in 1960 before discharges from the TA-50 RLWTF began; intermediate perched
zones could have developed subsequent to and as a result of these discharges.

) (C8) Tritium and other conservative dissolved species move into underlying stratigraphic units.
The migration process (for example, saturated and unsaturated liquid-film or unsaturated vapor-
phase flows) and rate depend on the properties of the interface between the stratigraphic units,
which may be highly variable both spatially and temporally.

. (C2) The alluvium contains distinct zones; some may cause limited perching within the alluvium
and/or limited confinement of some deeper zones. When well MCO-8 was installed in 1960, the
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alluvial groundwater exhibited slight artesian conditions (see Section 3.7.2 in Chapter 3 of this
work plan).

. (C6) Dilution and attenuation by geochemical processes leads to generally decreased
contaminant concentrations (relative to conservative species such as chloride and tritium)
downgradient within a water-bearing zone. Lowest concentrations of contaminants are observed
in the alluvial groundwater in lower Mortandad Canyon downstream of the sediment traps.
Collioidal transport through the alluvium is possible based on the distribution of actinides and the
fission products observed.

. (D4) The rates of infiltration into and percolation through tuff and the underlying units by
unsaturated flow depend primarily on the unsaturated hydraulic properties of the rock units and
the degree of saturation. The relative importance of horizontal versus vertical flow is not fully
understood in Mortandad Canyon.

. (D7) Open joints, faults, and fractures may provide additional pathways for deeper infiltration,
transient flow, and lateral transport in the subsurface. Such pathways could account for some of
the major losses of water from the alluvium.

. (E4) Intermediate perched zones have not been observed to extend laterally beneath mesas.
However, lateral spreading of such perched zones could occur downgradient if the canyon
course and the gradient of the perched zone do not coincide. There is some indication of the
presence of paleosurfaces beneath Mortandad Canyon, which suggests the possibility of
movement south-southeast from the axis of the canyon if intermediate perched zones occur.

. (E1) Intermediate-depth units within the Bandelier Tuff (Guaje Pumice Bed), Cerro Toledo
interval, basalts, and the Puye Formation in the Mortandad Canyon system have the potential to
contain perched groundwater zones due to recharge from the overlying alluvium, similar to those
found in canyons to the north (Pueblo Canyon, Los Alamos Canyon, and Sandia Canyon).

. (E2) Intermediate perched zones could be expected in areas where a sufficient water source is
present to maintain saturation; the annual losses from the Mortandad Canyon alluvium are
sufficient to warrant further investigation of potential intermediate perched zones, especially
within the Guaje Pumice Bed. ‘

. (E5) Contrast in hydraulic properties between layers causes zones of high moisture content to
develop near the contacts of the Tshirege Member, the Tsankawi Pumice Bed, the Cerro Toledo
interval, the Otowi Member, and the Guaje Pumice Bed. These zones may also divert fiow laterally
and may be a mechanism for either the losses from the alluvium or the apparent dilution of tritium
in some locations.

. (F1) Vapor-phase transport is important for some volatile contaminants and is a viable mechanism
by which tritium may have moved much deeper than any other contaminant (except chloride and
nitrate).

. (G2) Groundwater in the upper saturated zones of the regional aquifer apparently moves generally

eastward from the Jemez Mountains toward the Rio Grande under natural hydraulic gradients.
However, isotopic dating of the regional aquifer water and transport rates calculated from hydraulic
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gradients and hydraulic properties are widely divergent and inconsistent. The groundwater flow
system is poorly understood, especially as regards layering and the influence of anisotropy in the
vertical and horizontal permeability.

The hydrodynamics of the loss of groundwater from the alluvium in Mortandad Canyon is not well
understood (as discussed in Chapter 3 of this work plan). The conceptual model of groundwater loss (as
discussed in Chapter 4 of this work plan) includes vertical or lateral infiltration of alluvial groundwater to the
Bandelier Tuff units including the Tshirege Qbt 1g unit west of Ten Site Canyon and the Cerro Toledo
interval east of Ten Site Canyon. Groundwater may move downgradient within the Bandelier Tuff and/or
may also infiltrate vertically to deeper zones of saturation, such as the Guaje Pumice Bed. The Cerro
Toledo interval and the alluvial hydrogeologic units merge into a single hydrogeologic unit in Mortandad
Canyon between well MCO-6 and well MCO-7. This merging may cause mixing of groundwater between
these two units and additional loss of alluvial groundwater into the Cerro Toledo interval. Groundwater
potentially present in the combined alluvial/Cerro Toledo interval hydrogeologic unit in the lower canyon
may (1) move downgradient within the Cerro Toledo interval, (2) remain wholly or partially perched within
the alluvium and move downgradient, and/or (3) infiltrate through the Otowi Member to the Guaje Pumice
Bed.

The general approach to the groundwater investigation will be to collect new field data and extend existing
interpretations only when necessary to establish adequate confidence in the upper limits of the risk
estimates or to clarify groundwater occurrence and geochemical and transport processes sufficient to
meet the requirements of the HSWA Module (EPA 1990, 1585).

. Data collected in this groundwater investigation will be integrated with data from other previous
and ongoing Laboratory studies to improve the conceptual model of the hydrogeology of the
Pajarito Plateau.

. Investigations in the alluvium will focus on determining (1) the potential for recharge from the
alluvium to deeper zones, (2) the nature and extent of contamination, and (3) the physical and
geochemical nature of perching layers at the alluvium/Bandelier Tuff interface.

) Water-balance studies for the alluvium will be performed by the Field Unit 4 technical team and the
Laboratory Water Quality and Hydrology group (ESH-18) concurrently with the investigations
described herein. The water-balance studies will use existing water-balance wells equipped with
pressure transducers, which were installed in 1996 at the request of and with the support of the
ER Project, plus the existing and proposed gaging stations and the two proposed ET stations.
These studies will be coordinated with the other surface water and groundwater investigations
discussed herein and with the implementation of work proposed in the Hydrogeologic Workplan
(LANL 1996, 55430). These studies will address key hypothesis C14 listed above.

) Investigations in the Bandelier Tuff (Guaje Pumice Bed) will focus on determining (1) the nature
and vertical extent of contamination from tritium, chloride, and other solutes documented by
Stoker et al. (1991, 7530); and (2) the geochemical and hydrogeologic features that control
contaminant distributions within the Bandelier Tuff.

. The regional aquifer studies will be integrated with those of the Hydrogeologic Workplan (LANL
1996, 55430) and, during the present investigations, will consist of installing three regional
aquifer characterization wells within and south of Mortandad Canyon.
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. The three new regional aquifer wells and the existing well TW-8 completed in the regional aquifer
will be sampled for analyses of low-level tritium and other chemical species to further evaluate
impacts of Laboratory-derived contaminants on the regional aquifer. These analyses will also be
used to test the hypothesis of mixing of young water (derived from shallow sources) with old water
(regional aquifer) in Mortandad Canyon.

. Recommendations will be made regarding corrective measures to groundwater zones and
monitoring strategies for the ER Project and/or Laboratory environmental surveillance.

Proposed alluvial wells, Bandelier Tuff wells, and regional aquifer wells are listed in Table 7.3.3-1, Table
7.3.3-2, and Table 7.3.3-3, respectively. Locations of the wells are shown in Figure 7.3.3-1 and Figure
7.3.3-2 (and also in Figure A-2 in Appendix A of this work plan).

JABLE 7.3.3-1

DESCRIPTION OF PROPOSED SURFACE WATER GAGING STATION AND
ALLUVIAL/CERRO TOLEDO INTERVAL WELLS®

Well Designation® Location®
GS-1.3 Proposed gaging station 1000 ft east of GS-1
MCO-3 Proposed replacement well for old MCO-3A
MCO-0.6 Proposed observation well west of TA-50 RLWTF outfall
MCO-4B Existing observation well east of TA-50 RLWTF outfall
TSCO-6A Proposed well for lower Ten Site Canyon
MCO-7.2 Proposed well between MCO-7 and MCO-8 at sediment traps
MCO-6.8 Proposed well between MCO-6 and MCO-7 below confluence

with Ten Site Canyon

MCO-13A and MCO-13B Proposed wells near MCO-13

a. Alluvial/Cerro Toledo interval wells are listed in order of priority.
b. GS = gaging station, MC = Mortandad Canyon, O = observation, TSC = Ten Site Canyon
c. See Figure 7.3.3-1 for proposed locations.

TABLE 7.3.3-2
DESCRIPTION OF PROPOSED BANDELIER TUFF WELLS
Well Designation® Location®
MCOBT-4.4 West of TW-8, near MCWB-4
MCOBT-8.5 East of MCC-8.2

a. MC = Mortandad Canyon, O = observation, BT = Bandelier Tuff
b. See Figure 7.3.3-2 for proposed locations.
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TABLE 7.3.3-3
DESCRIPTION OF PROPOSED REGIONAL AQUIFER WELLS?
Well Designation® Location®
R-15 Southeast of sediment traps
R-13 Downstream of TA-50 RLWTF outfall, near MCO-3
R-14 North-northwest of supply well PM-5, south of MCO-4

a Regional aquifer wells are listed in order of priority.
b. R =regional aquifer
c. See Figure 7.3.3-2 for proposed locations.

7.3.4 Surface Water and Groundwater Characterization

This section describes the sampling design for collecting surface water and groundwater (alluvium,
Bandelier Tuff, and regional aquifer) samples and borehole core samples. Particular emphasis is given to
the criteria for selecting the locations of the proposed new wells. The methods for sample collection and
for chemical, radiochemical, and geotechnical analyses are also provided in this section. The groundwater
sampling strategy involves installation of seven alluvial observation wells and two Bandelier Tuff wells. The
regional aquifer will be sampled through existing wells and three new wells.

7.3.4.1 Alluvial, Bandelier Tuff, and Regional Groundwater Investigations

The proposed alluvial wells are listed in Table 7.3.3-1 in order of priority for installation. In addition, a new
surface water gaging station is proposed. The rationale for these is introduced briefly below in order of
priority. The rationale for each well is discussed in greater detail in the following sections.

1. Install one alluvial well in lower Ten Site Canyon (TSCO-6A) to determine whether alluvial
groundwater is present and to characterize contaminant distributions in alluvium and bedrock.
Split-spoon samples sealed in moisture protection bags will be analyzed for moisture content and
contaminants. This well will complement existing water-balance well TSWB-6 and replace the lost
observation well TSCO-1.

2. Install one well in upper Mortandad Canyon (MCO-0.6) above the confluence with Effluent
Canyon, which will provide both groundwater samples representing the upstream contributions
and water level data.

3. Replace or upgrade alluvial well MCO-3 to provide adequate monitoring data.

4. Substitute alluvial well MCO-4B for MCO-4 to provide future monitoring data; abandon MCO-4.

5. Given suitable terrain, install a surface water gaging station (GS-1.3) approximately 1000 ft (304 m)
east of GS-1.

6. Install one alluvial/Cerro Toledo interval well (MCO-7.2) near the sediment traps to characterize the
subsurface stratigraphy, collect and analyze groundwater samples, and establish the extent of
saturation.

August 1999 ‘ 7-60 Mortandad Canyon Work Plan



ueld YIOpM UoAue? pEPUBLIOW

19-£L

6661 1snbny

To Santa Fe

MCO-13A

F7.3.3-1/ MORTANDAD WP 091797
1000 2000 3000
""" e —— Melorfoad < Bngel
FEET reenees Laboratory boundary &  Proposed well
Contour interval = 100 ft =—+-=Drainage channel B  Approximate location of gaging station

Figure 7.3.3-1. Locations of proposed alluvial/Cerro Toledo interval wells.

£ 421doy)

uvyd sispuy puv Sunduing



6661 i1snbny

c9-L

Ue|d YoM UOAuED pepueLow

""\,..,.... /'-\

A
H Loi“&

To Santa Fe

/

J 4

MCOBT-8.5

—_
L7 Jewe, ROAD

6‘700
e o
S 05 g "§<k
% B
Bo
wai S
Source: FIMAD/rek F7.3.3-2/ MORTANDAD WP 091597
0 1000 2000 3000
== Major road < Existing well
FEET == Drainage channel &  Proposed well
Contour interval = 100 ft

Figure 7.3.3-2. Locations of proposed Bandelier Tuff wells and regional aquifer wells.

upyd sisjpuy puv Sutjduog

L 421dvy)




Chapter 7 Sampling and Analysis Plan

7. Install one alluvial/Cerro Toledo interval well (MCO-6.8) between MCO-6 and MCO-7.

8. Install two wells (MCO-13A and MCO-13B) north and south of MCO-13 near the Laboratory
boundary to characterize core samples and evaluate groundwater chemistry within the
alluvium/Cerro Toledo interval.

In addition, pressure transducers are proposed to be installed in selected alluvial/Cerro Toledo interval
wells in Mortandad Canyon to provide water level data in real time.

The proposed Bandelier Tuff characterization wells are listed in Table 7.3.3-2.

The purposes of MCOBT-4.4 and MCOBT-8.5 are to (1) characterize the vertical extent of a known tritium
plume within the Otowi Member, (2) determine the degree of saturation of the Guaje Pumice Bed, and (3)
determine whether the Guaje Pumice Bed is contaminated. The boreholes for these wells will be
continuously cored in the tuff, and the cores will be analyzed to characterize the alluvial and bedrock
structure and stratigraphy. Information will be collected on the moisture and/or tritium vapor-phase
movement beneath the alluvium as a possible pathway to a potential intermediate perched zone. The
wells will be completed within the Guaje Pumice Bed of the Bandelier Tuff. The two wells will provide
hydrogeologic and geochemical data and information, which support discharge plan requirements in
accordance with the New Mexico Water Quality Control Commission regulations that apply to TA-50
discharges (LANL 1996, 55688).

The proposed regional aquifer characterization wells are listed in Table 7.3.3-3 in order of priority. Well R-15
will be located in lower Mortandad Canyon near the sediment traps. The location of well R-13 will be
determined based on stratigraphic, hydrologic, and geochemical data collected from the other regional
aquifer wells and the Bandelier Tuff well. Well R-14 will be located between TW-8 and supply well PM-5.
These wells will characterize subsurface bedrock units and regional structure, and provide characterization;
selection as a monitoring well for the regional aquifer will be made after evaluating the data.

Table 7.3.4-1 summarizes the surface water and groundwater sample collection design; Table 7.3.4-2
summarizes the proposed borehole core samples. The sampling strategy for each of the hydrogeologic
zones is described in detail in the following sections as is the strategy for the collection of borehole core
samples. Where new wells are proposed, the rationale for the well location is discussed in terms of a
specific issue to be addressed as well as the approach taken to address the issue.

JABLE 7.3.4-1
SUMMARY OF COLLECTION DESIGN FOR SURFACE WATER AND GROUNDWATER

SAMPLES
Hydrological Zone No. of Wells Sampling Frequency Annual No. of Samples
Surface water 1 station . During snowmelt and summer 40 (20 filtered,
storm events® 20 unfiltered)
Alluvial, observation welis® 8 At completion and six months 32 (16 filtered,
16 unfiltered)
Bandelier Tuff, observation wells® 2 At completion and six months 8 (4 filtered,
4 unfiltered)

a If surface water is present, samples will be collected twice during snowmelt and three times during summer storm events (six
samples each storm event) at one operating gaging station (see Section 7.3.4.1.1). Numbers of samples are the maximurm that
will be collected if water is available.

b. See Table 7.3.4-2 for proposed core collection and analysis.
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TABLE 7.3.4-2

SUMMARY OF CORE AND WATER SAMPLES PROPOSED
FOR MORTANDAD CANYON BOREHOLES

Proposed | Proposed Core Proposed
: Proposed Depth Depth Sampling | Analytical Suite/ | No. of
Borehole Depth Formation | Beginning | Ending | Frequency | Proposed No.of | Water Comment
(f) (ft) (ft) (ft) Core Samples | Samples
a b c
MCO-0.6 <30 Qal 0 5 5 1
Perched 4 5 N/A? 2 Water sample®
water
Qbt 5 20 10 2
MCO-3 <30 Qal 0 7 5 2
Perched 4 7 N/A 2 Water sample®'
water
Qbt 7 20 10 1 1
MCO-6.8 130 Qal 0 45 10 1 4
Perched 40 45 N/A 2 Water sample®".
water
Qbt 19(?) 45 50 5 1 Thickness
unknown
Qct 50 130 10 3 5
MCO-7.2 130 Qal 0 60 10 1 3 3
Qbt 1g(?) 5 1 Presence
questionable
Qct 60 130 10 2 5
Perched 60 65 N/A 2 Water sample®’
water
MCO-13A 120 Qal 0 65 10 1 5
Qct 65 110 10 2 3
Perched 105 110 N/A 2 Water sample®
water
Qbo 110 120 10 1
MCO-13B 120 Qal 0 65 10 1 5
Qct 65 110 30 2 5
Perched 105 110 N/A 2 Water sample®
water
Qbo 110 120 10 1
TSCO-6A 120 Qal 0 35 10 1 3
Qbt 1g 35 50 5 3
a. Full-suite core sample analysis listed in Table 7.3.4-5
b. Limited-suite core sample analysis, inciuding the following: trace elements, *Sr, tritium (high detection limit), hydrologic
properties, and anions
c. Minimal analyses on core samples for moisture, tritium, chloride, and nitrate only
d. N/A = not applicable
e. Water sample analysis includes those analytes listed in Table 7.3.4-4 and Table 7.3.4-7
f. Water samples will be collected twice yearly (see text)
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TABLE 7.3.4-2 (continued

SUMMARY OF CORE AND WATER SAMPLES PROPOSED
FOR MORTANDAD CANYON BOREHOLES

Proposed | Proposed Core Proposed
Proposed Depth Depth Sampling | Analytical Suite/ | No. of
Borehole Depth Formation | Beginning | Ending | Frequency | Proposed No.of | Water Comment
(ft) () (ft) (ft) Core Samples | Samples
a b c
TSCO-6A 120 Qct 50 120 10 3 4
Perched 80 90 N/A® 2 Water sample®’
water?
MCOBT-4.4 | 510 Qal 0 25 10 1 1 1
Qbt 19 25 70 10 2 2
Qbtt 70 73 5 1
Qct 73 140 10 3 4
Qbo 140 450 20 3| 12
Qbog 450 490 10 .2 2
Perched 480 490 N/A 3 Water sample®?
water?
Tp (basalt) 490 510 10 1 1
Pore water 5 Water sample®"
in vadose
zone?
MCOBT-8.5| 420 Qal 0 65 10 1 3 3
Qct 65 125 10 3 4
Qbo 125 360 20 3| 10
Qbog 360 400 10 2 2
Perched 390 400 N/A 3 Water sample®?
water?
Tp (basalt) 400 420 10 1 1
Pore water 5 Water sample®”
in vadose
zone?
R-13 1330 Qbt 2 0 70 20 4
Qbt 1v 70 140 10 3 4
Qbt 1g 140 210 10 3 4
Qbtt 210 213 5 1
Qct 213 300 10 3 4
Qbo 300 570 20 3 11

Full-suite core sample analysis listed in Table 7.3.4-5

Limited-suite core sample analysis, including the following: trace elements, ®Sr, tritium (high detection limit), hydrologic
properties, and anions

Minimal analyses on core samples for moisture, tritium, chloride, and nitrate only

N/A = not applicable

Water sample analysis includes those analytes listed in Table 7.3.4-4 and Table 7.3.4-7

Water samples will be collected twice yearly (see text)

Water samples will be collected at time of drilling and twice thereafter; zonal samples may include up to five samples per event
Pore water samples will be obtained from the vadose zone for analysis of analytes listed in Table 7.3.4-6

TP

T ~9o oo
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TABLE 7.3.4-2 (continued)

SUMMARY OF CORE AND WATER SAMPLES PROPOSED
FOR MORTANDAD CANYON BOREHOLES

Proposed | Proposed Core Proposed
Proposed Depth Depth Sampling | Analytical Suite/ | No. of
Borehole Depth Formation | Beginning | Ending | Frequency | Proposed No.of | Water Comment
(ft) (ft) (ft) {ft) Core Samples | Samples
a b c
R-13 Qbog 570 600 10 1 1 1
Perched 590 600 N/A? 3 Water sample®
water?
Tp (basalt) 600 1240 20 5! 23
Pore water 5 | Water sample®
in vadose
zone?
Regional 1230 1330 N/A 15 Zonal water
aquifer sampling®
Tsf 1230 1330 100 5
R-14 1670 Qbt 3 0 30 20 2
Qbt 2 30 95 20 2 1
Qbt 1v 95 160 20 2 1
Qbt 1g 160 225 10 2 5
Qbtt 225 228 5 1
Qct 228 300 10 3 4
Qbo 300 600 20 3f 12
Qbog 600 645 10 1 1 2
Perched 600 645 N/A 3 Water sample®'
water?
Tp (basalt) 645 1240 20 5{ 20
Tsf 1240 1670 100 6
Pore water 5 Water sample®
in vadose
zone
Regional 1170 1670 N/A 15 Zonal water
aquifer sampling®
R-15 1140 Qal 0 20 10 2
Qbt 1g 20 60 10 2 2
Qct 60 130 10 1 3 3
Qbo 130 420 20 3| 12|
Qbog 420 460 10 1 1 2

a. Full-suite core sample analysis listed in Table 7.3.4-5

Limited-suite core sample analysis, including the following: trace elements, *Sr, tritium (high detection limit), hydrologic
properties, and anions

Minimal analyses on core samples for Moisture, tritium, chioride, and nitrate only

N/A = not applicable

Water sample analysis includes those analytes listed in Table 7.3.4-4 and Table 7.3.4-7

Water samples wilt be collected at time of drilling and twice thereafter; zonal samples may include up to five samples per event
Pore water samples will be obtained from the vadose zone for analysis of analytes listed in Table 7.3.4-6

=3
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TABLE 7.3.4-2 (continued)

SUMMARY OF CORE AND WATER SAMPLES PROPOSED
FOR MORTANDAD CANYON BOREHOLES

Proposed | Proposed Core Proposed
Proposed Depth Depth Sampling | Analytical Suite/ | No. of
Borehole Depth Formation | Beginning | Ending | Frequency | Proposed No.of | Water Comment
(ft) (ft) (ft) (ft) Core Samples | Samples
a b c
R-15 Perched 450 460 N/A® 3 Water sample®
water?
Tp (basalt) 460 1010 20 4/ 20
Tsf 1010 1140 100 5
Pore water ' 5 Water sample®
in vadose
zone
Regional 940 1140 N/A 15 Zonal water
aquifer sampling®'

Totals | 19 | 138] 198] 99 |

a. Full-suite core sample analysis listed in Table 7.3.4-5

Limited-suite core sample analysis, including the following: trace elements, ®Sr, tritium (high detection limit), hydrologic
properties, and anions

Minimal analyses on core samples for Moisture, tritium, chioride, and nitrate only

N/A = not applicable

Water sample analysis includes those analytes listed in Table 7.3.4-4 and Table 7.3.4-7

Water samples will be collected at time of drilling and twice thereafter; zonal samples may include up to five samples per event
Pore water samples will be obtained from the vadose zone for analysis of analytes listed in Table 7.3.4-6

=3

@ ~o 00

7.3.4.1.1 Surface Water Sampling and Analysis

Streamflow at GS-1 and GS-1.3 will be measured to determine the amount of loss into the Bandelier Tuff in
the reach between these two gaging stations. Surface water samples will be collected during snowmelt
(two events) (one sample per snowmelt) and summer storm events (three events) (six samples per storm
event) at one operating gaging station (either GS-1 or GS-1.3) in Mortandad Canyon. Although no springs
have been identified in the Mortandad Canyon system, if any are found during the investigation, samples
will be collected from them.

Samples will be collected in the middle of the stream to provide representative surface water chemical data
for each reach or spring. Samples will be both filtered to remove particulates larger than 0.45 ym and
unfiltered to include suspended material in the analysis. The differences in analytical results will enable the
evaluation of chemicals residing on suspended particles. Surface water samples will undergo the same
chemical analyses as alluvial groundwater samples. The analytical data will be confirmed, where
appropriate, with analyses of unfiltered samples collected annually for environmental monitoring by

ESH-18 to reduce uncertainty in the distributions of surface water quality data for contaminant transport
and risk model inputs.

7.3.4.1.2 Alluvial Groundwater Sampling and Analysis

The HSWA Module (EPA 1990, 1585) requires that this work plan include an investigation of the potential
for transport of contaminants within canyon watersheds and the interactions with alluvial groundwater and
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other groundwater. Three characteristics of groundwater in the alluvium are relevant to these
requirements: continuity, potential recharge to deeper groundwater, and levels of contamination.

Continuity

The alluvium in Mortandad Canyon is saturated from approximately the confluence with Effluent Canyon to
the general vicinity of well MCO-8. However, saturation has been recently observed in well MCO-13. The
alluvium may intersect the Cerro Toledo interval near well MCO-7.5, which results in saturated conditions
with migration of contaminants being controlled by both the geometry and the hydraulic properties of the
combined alluvial/Cerro Toledo interval hydrogeologic unit. Investigations at wells MCO-6.8 and MCO-7.2
are designed to determine the possible interaction of the alluvial and Cerro Toledo interval units. The
alluvium in lower Ten Site Canyon may contain zones of saturation of unknown thickness and extent.
Investigations are proposed to determine the presence of saturation in the alluvium and bedrock units in
lower Ten Site Canyon (at well TSCO-6A) and the extent of any contribution to the saturated alluvium in
Mortandad Canyon. Saturation is not expected to occur east of state road NM4 downstream to the
confluence with Cafiada del Buey because of thinning and the absence of alluvium in that reach.

Potential Recharge to Deeper Groundwater

The observed loss of alluvial groundwater either downward or laterally from the Mortandad Canyon
alluvium may constitute recharge to the Cerro Toledo interval, Guaje Pumice Bed, Puye Formation, Cerros
del Rio basalt, and possibly the regional aquifer.

Levels of Contamination

The highest levels of contaminants (including '*’Cs, nitrate, plutonium isotopes, *Sr, and tritium) occur in
alluvial groundwater closest to the discharge points (for example, the TA-50 RLWTF outfall) in Mortandad
Canyon, based on Laboratory monitoring data (LANL 1981, 6059) (see Section 3.7.2 in Chapter 3 of this
work plan).

Groundwater will be sampled and analyzed from new and existing wells two times, once after relatively high
surface water flow (summer storm event) and again at relatively low (or no) surface water flow (winter).
Groundwater in the alluvium of Mortandad Canyon responds rapidly to seasonal variations in streamflow,
which results in detectable changes in the groundwater quality. The purpose of two sampling events is to
define the effect of seasonal variation in surface water flow on contaminant concentrations in alluvial
groundwater.

Existing wells, which are not routinely sampled for environmental monitoring, may be sampled twice for
chemical analysis. These wells include MCO-13, MT-1, MT-2, MT-3, MT-4, and possibly some MCWB
wells. New wells will be sampled twice to assess water chemistry and contaminant distributions. Water level
measurements will be recorded for two years using pressure transducers that have been or will be
installed in the new and existing water-balance wells. These measurements will be used to assemble a
hydraulic database that will be used for water-balance calculations for the alluvium. This information will
enable an understanding of the movement of groundwater and the storage capabilities of the alluvium
and, in conjunction with surface water gaging station data, will be the principle tool for gaining a better
understanding of where water losses occur.

Specific conductance, turbidity, pH, temperature, dissolved oxygen, and alkalinity will be measured in the
field at the time of water sampling. All groundwater samples will be both filtered (to remove particulates
larger than 0.45 um) and unfiltered. These data will be combined, where appropriate, with analyses of
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unfiltered samples collected either by ER Project staff or for environmental monitoring by ESH-18 to
reduce uncertainty in the distributions of alluvial groundwater quality for contaminant transport and risk
model inputs.

Proposed Alluvial/Cerro Toledo Interval Wells and Hydrologic and Geochemical
Investigations

This section describes the rationale for the proposed hydrologic and geochemical investigations of the
alluvial groundwater in Mortandad Canyon. The most fundamental questions to be addressed for the
alluvial system are identified as follows.

. Where does the groundwater loss from the alluvial system occur in Mortandad Canyon and what is
the flux?

. What are the flow paths for this alluvial groundwater?

. What are the major processes by which the alluvial groundwater moves?

. What geochemical processes influence water chemistry and contaminant migration in alluvial
groundwater?

Addressing each of these questions requires an integrated strategy of data collection and evaluation. This
strategy is described in terms of specific technical issues that will be addressed by investigation, the
importance of each issue relative to the questions, and the proposed technical approach to addressing
the issue. Each technical approach to an issue also addresses one or more of the key hypotheses. Table
7.3.4-3 summarizes the relationship between the key hypotheses from Table 4.2-1 in Chapter 4 of this
work plan and the issues addressed.

Issues that are important in upper Mortandad Canyon are presented first followed by issues that are
important for the middle and lower canyon.

Unless otherwise noted, all wells and the gaging station discussed below are listed in Table 7.3.3-1 and
shown in Figure 7.3.3-1. The analytical suite for alluvial groundwater samples is presented in Table
7.3.4-4. The analytical suite for borehole core samples is presented in Table 7.3.4-5. Methods for analysis
of water samples are described in Section 7.3.4.3.1. Methods for analysis of borehole core samples are
described in Section 7.3.4.3.2.

Issue Number 1

What is the chemical composition of alluvial groundwater in Mortandad Canyon west of the confluence
with Effluent Canyon?

Importance
To define the levels of contamination in alluvial groundwater that result from Laboratory activities,
specifically from the TA-50 RLWTF outfall, it is necessary to define the baseline chemical characteristics of

groundwater upgradient of the discharge.

It is unlikely that continuous saturation occurs in the alluvium west of TA-48 except during storm events
because this reach is near the head of Mortandad Canyon and receives no Laboratory discharges.
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However, alluvial groundwater downgradient of outfalis at TA-3 and TA-48 is contaminated by the
discharge.

TABLE 7.3.4-3

RELATIONSHIP BETWEEN KEY HYPOTHESES AND ISSUES ADDRESSED

Issues Addressed
Hypothesis Alluvium Bandelier Tuff Regional Aquifer
1|2|3|a|5|6|7|8|9 1 2 1 2 3
cla VIV VYV Y
cs VI [NV ]
c18 VIPND N[ Y] v v v v
cs VI PN I[N v] Y v v v v
c2 TR EEEREREE
ce T ERIEEREIEE
D4 VI ] TV T v v v v
D7 Vi) (VY] ] v v v v
E4 v \ v v \
E1 v v v v v
E2 v v v v v
ES v v v v v
F1 v v v v v
G2 v v v v v
a. Also addresses hypotheses B2 through B8 in Table 4.2-1 in Chapter 4 of this work plan
b. Also addresses hypotheses G1, G3, G4, G5, G7, and G10 in Table 4.2-1 in Chapter 4 of this work plan

Existing alluvial well LAO-B in Los Alamos Canyon may provide surrogate background data for Mortandad
Canyon assuming that the background water chemistry of upper Los Alamos Canyon upgradient of the
Laboratory is similar to pre-Laboratory water chemistry in Mortandad Canyon. There is no direct way to
verify this assumption. However, natural groundwater flowing through the alluvium, which is derived from
the Tshirege Member of the Bandelier Tuff, does not vary significantly in major ion and trace element
composition except for bicarbonate (Blake et al. 1995, 49931; Longmire et al. 1996, 54168). In addition,
the short residence time of natural alluvial groundwater (with flow velocities on the order of several
hundreds of feet per year) does not allow for significant alteration of the water composition.
Adsorption/desorption and precipitation/dissolution reactions control the composition of natural water.

Approach

One well (MCO-0.6) will be installed in the alluvium west of both the TA-50 RLWTF outfall and the
confluence with Effluent Canyon in upper Mortandad Canyon assuming that a location that contains
saturated alluvium can be found. The well is expected to be less than 30 ft (9.1 m) deep; a screen will be
placed at the top of the water table. The well will be installed and completed as described in Section
7.3.4.2.1.

August 1999 7-70 Mortandad Canyon Work Plan



Chapter 7 Sampling and Analysis Plan

JABLE 7.3.4-4
ANALYTICAL SUITE FOR ALLUVIAL GROUNDWATER SAMPLES®

Field-Measured Parameters

Alkalinity pH Temperature

Dissolved oxygen Specific conductance Turbidity

Major and Minor lons

Aluminum Fluoride Nitrite
Bromide Iron Phosphate
Calcium Magnesium Potassium
Chlorate Manganese Sodium
Chloride Nitrate ' Sulfate
Trace Elements
Aluminum Chromium Silver
Antimony Cobalt Thallium
Arsenic Copper Titanium
Barium Lead Uranium
Beryllium Mercury Vanadium
Boron Nickel Zinc
Cadmium Selenium

Organic Compounds

VOCs

SVOCs

Dissolved Organic Carbon (fractionation analysis)

Total Suspended Solids

Total Dissolved Solids

Neutral Species (SiO,)

Hardness
Cyanide
Radionuclides
#Am “Sr Y
WCs =y Gamma spectroscopy
35py =5y Gross-alpha, -beta, and -gamma
2920py 2y Tritium®

a Filtered (<0.45 um) and unfiltered water samples will be collected.

b. Low-detection-limit at MCO-0.6, TSCO-6, MCO-13A, and MCO-13B only; high-detection-limit for other alluvial and Cerro
Toledo interval groundwater samples
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TABLE 7.3.4-5
ANALYTICAL SUITE FOR BOREHOLE CORE SAMPLES

Hydrologic Analyses

Moisture content

Moisture potential

Saturated hydraulic conductivity

Anions
Bromide
Chloride
Fluoride
Nitrate
Sulfate

Trace Elements
Aluminum Cobalt Selenium
Antimony Copper Silver
Arsenic Iron Thailium
Barium Lead Titanium
Beryllium Manganese Uranium
Cadmium Mercury Vanadium
Chromium Nickel Zinc

Organic Compounds

VOCs
SVOCs
Total Organic Carbon
Cyanide
Radionuclides
#Am ©Sr =Y
¥Cs By Gamma spectroscopy
=py 5y Gross-alpha, -beta, and -gamma
2w240py 28 Tritium®

Selected Samples for the Following

Petrography

X-ray fluorescence

X-ray diffraction

K/Ar or ®Ar/*°Ar isotopic dating

a. Subsurface units only
b. Low-detection-limit in subsurface units only; high-detection-limit for alluvium and Cerro Toledo interval samples
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Groundwater samples will be collected two times, once in the fall or winter when the TA-50 RLWTF
discharge typically dominates surface flow and once in the spring or summer when runoff typically
dominates surface flow. Samples will be analyzed for the parameters listed in Table 7.3.4-4.

Issue Number 2
How much ET occurs in the Mortandad Canyon system?
Importance

Groundwater is lost from the alluvial groundwater system in Mortandad Canyon by two primary
mechanisms: infiltration and ET. Previous studies of ET in Mortandad Canyon suggest that 20% of water is
lost via this mechanism (Purtymun 1967, 8987). Accurate estimates of ET are critical to estimates of overall
water balance in Mortandad Canyon. Moreover, tritium (as tritiated water) uptake into plants followed by
transpiration is an important transport pathway for this radionuclide, and accurate estimates of ET can be
used to estimate tritium (as tritiated water vapor) transport as well.

Approach

Two solar-powered ET measurement stations will be installed in Mortandad Canyon to obtain canyon-
specific information about water loss through this mechanism. Continuous instrument measurements will
include three-dimensional wind velocity, air temperature, and air moisture. These measurements will be
used to calculate evaporative heat fluxes, which are then converted to ET values. The Laboratory

- currently records similar data on the mesa tops at TA-6 (7380 ft [2249 m] elevation) and TA-54 (6380 ft

[1945 m] elevation). The ET values from Mortandad Canyon will be compared with ET values from these
existing stations so that the effects of different environmental settings can be evaluated. Important factors
that affect ET include altitude, vegetation, and soil type. These site-specific comparisons should reduce
similar data requirements in adjacent canyons during future ER Project work efforts.

Issue Number 3

Alluvial well MCO-3 has been damaged by erosion from storm events during the past 30 years and should
be replaced; hydrologic and geochemical data need to be collected at this location.

Importance

Well MCO-3 does not meet current NMED and EPA well completion guidelines (LANL 1996, 55688). This
well is also the closest well downstream and downgradient of the TA-50 RLWTF discharge. Water level
measurements and groundwater samples are needed from this well to evaluate hydrologic and
geochemical processes that influence contaminant transport.

Approach

Replace MCO-3 with a new alluvial well of similar dimensions that meets current well completion
guidelines. The well will be installed and completed as described in Section 7.3.4.2.1.

Groundwater samples will be collected two times, once in the fall or winter when the TA-50 RLWTF
discharge typically dominates surface flow and once in the spring or summer when runoff typically
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dominates surface flow. Samples will be analyzed for the parameters listed in Table 7.3.4-4. Borehole core
samples will be collected and analyzed for the parameters listed in Table 7.3.4-5.

Issue Number 4

How much surface water infiltrates into the alluvium in Mortandad Canyon immediately east of gaging
station GS-1 and well MCO-3?

Importance

Surface water and alluvial groundwater in Mortandad Canyon represent both a source of water and a
mechanism for transporting contaminants to human and ecosystem receptors. The extent and volume of
saturation, the spatial and temporal distribution of contaminants, the general contaminant inventory, and
the residence time of groundwater in this area of the alluvial system are all reasonably well understood.
Moreover, alluvial water-balance estimates in this area suggest that approximately 80% of the annual input
to the perennial alluvial groundwater infiltrates to the Bandelier Tuff (Purtymun 1967, 8987). However, it is
not known where the alluvial groundwater infiltrates the Bandelier Tuff or the mechanisms by which the
alluvial groundwater loss occurs.

Approach

One additional stream gaging station (GS-1.3) may be installed approximately 1000 ft (305 m) downstream
(east) from the existing gaging station (GS-1) on bedrock similar to GS-1 to determine the infiltration from
the stream into the bedrock per unit channel length. The feasibility of installing this gaging station
depends on access and terrain; the proposed location is within a thickly-wooded, steep-walled canyon
reach, which may pose problems.

Streamflow measurements will be made with continuous recorders during flow events for a two-year
period, and established hydrologic and hydraulic routing techniques will be applied to quantify channel
infiltration. The streamflow loss in the reach that contains an ET station will be combined with water storage
information obtained from water-balance studies to estimate the loss from the alluvium and the amount
transported down the channel as surface flow.

In addition, to provide supplemental data to that collected routinely at GS-1, surface water samples will be
collected two times, once in the fall or winter when the TA-50 RLWTF discharge typically dominates
surface flow and once in the spring or summer when runoff typically dominates surface flow. Samples will
be analyzed for the parameters listed in Table 7.3.4-4.

Issue Number 5

s alluvial/Cerro Toledo interval groundwater present in lower Ten Site Canyon? If so, what is the vertical
extent of the alluvial groundwater and what contaminants are present?

Importance
As discussed in Chapter 2 of this work plan, the former radioactive liquid wastewater treatment plant at

TA-35 discharged into Ten Site Canyon from about 1951 through 1963. Radionuclides (primarily ©Sr) in
the discharges are known to have contaminated sediments in Mortandad Canyon before 1960. Other
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PRSs present at TA-35 (such as the former sanitary septic sewage lagoons that were operated from 1975
through 1992) may have been a source of recharge to groundwater in lower Ten Site Canyon and may
have contained contaminants. A well (TSCO-1) installed in 1960 and a water-balance well (TSWB-6)
installed in 1994 in lower Ten Site Canyon have never contained water but may not have been properly
placed to encounter saturation. Moreover, TSCO-1 could not be located in 1991 and may have been
plugged or removed.

Approach

One well (TSCO-6A) will be installed in the alluvium/Cerro Toledo interval in lower Ten Site Canyon to
determine the presence, depth, and thickness of potential saturation and to evaluate the composition of
any groundwater encountered. The well will be installed and completed as described in Section 7.3.4.2.1.
The alluvium at the proposed location is projected to be approximately 40 to 50 ft (12 to 15 m) thick; the
well will be installed with a 10-ft (3.0-m) screen at the alluvial water table to account for variations in
saturated thickness. If no water is encountered, the screen will be placed above the base of the
alluvium/Cerro Toledo interval; it will be checked quarterly to detect intermittent groundwater.

Groundwater samples will be collected two times, once in the fall or winter when the TA-50 RLWTF
discharge typically dominates surface flow and once in the spring or summer when runoff typically
dominates surface flow. Samples will be analyzed for the parameters listed in Table 7.3.4-4. Borehole core
samples will be collected at the alluvium/bedrock interface and in other zones, if appropriate, and analyzed
for the parameters listed in Table 7.3.4-5.

Issue Number 6

What hydrologic and geochemical processes contribute to the major differences in groundwater chemistry
observed between well MCO-6 and well MCO-7?

Importance

Chemical data collected from well MCO-6 and well MCO-7 suggest that alluvial groundwater may be mixing
with a new source of more dilute groundwater that possibly originates from the Cerro Toledo interval. Well
MCO-6 is screened in the alluvium, whereas well MCO-7 may be screened in the Cerro Toledo interval.
Mixing could explain the significant concentration decreases in *Sr, 2%U, and other solutes that are
observed between the wells (see Section 3.8). If present, the source of mixing groundwater is not known,
but itis possible that significant recharge to the Bandelier Tuff occurs in upper Mortandad Canyon near well
MCO-3 (Purtymun 1967, 8987) and that this groundwater infiltrates to the Cerro Toledo interval followed by
lateral flow down-dip. Dissolved radionuclides, including ®Sr and 2*°U, partly adsorb onto the Bandelier Tuff
as groundwater infiltrates. Between well MCO-6 and well MCO-7, concentrations of these two
radionuclides significantly decrease (up to a factor of 100) in the groundwater. However, the
concentrations of conservative species such as chloride and tritium in the mixing zones would not be
significantly reduced because both source groundwaters probably contain about the same concentrations;
both potentially have the same original sources in treated wastewater discharges to the alluvium.

Approach
A new well (MCO-6.8) will be installed between well MCO-6 and well MCO-7 to evaluate hydrologic and

chemical characteristics of both the alluvial groundwater and any Cerro Toledo interval groundwater and to
establish the extent of saturation in the alluvium and/or suballuvial units. The well will be installed and
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completed within the alluvium/Cerro Toledo interval if one continuous saturated zone occurs within both
geologic strata. If separate zones of saturation occur, multiple completions of a single well or additional
wells completed in different zones will be considered, depending on the conditions encountered. Details
of well construction are described in Section 7.3.4.2.1. A 10-ft (3.0-m) screen will be installed near the top
of the water table to account for variations in saturated thickness.

Borehole core samples collected at this location will provide subsurface stratigraphic information. The
alluvium is expected to be about 45 ft (14 m) thick at this location. Suballuvial stratigraphy may include a
thin section of the Tshirege Member Qbt 1g unit and the Cerro Toledo interval.

Groundwater samples will be collected two times, once in the fall or winter when the TA-50 RLWTF
discharge typically dominates surface flow and once in the spring or summer when runoff typically
dominates surface flow. Samples will be analyzed for the parameters listed in Table 7.3.4-4. Borehole core
samples will be collected and analyzed for the parameters listed in Table 7.3.4-5. ‘

Issue Number 7

What is the stratigraphy beneath the sediment traps (PRS No. 00-001) and the extent of saturation and
contamination in the alluvium/Cerro Toledo interval?

Importance

When well MCO-6 and well MCO-7 were installed in 1960, changes in the subsurface stratigraphy were
noted between these wells. The thickness of the alluvium apparently increases abruptly near the
sediment traps.

The revised interpretation of subsurface stratigraphy in this area suggests that the Cerro Toledo interval
probably underlies the alluvium. It has been observed that ponded water in the sediment traps recharges
the alluvium and possibly the Cerro Toledo interval (see Section 3.7.2 in Chapter 3 of this work plan). As
outlined in the conceptual model, alluvial groundwater near the sediment traps probably infiltrates into
bedrock stratigraphic units and/or moves downstream within the alluvium. Groundwater that infiltrates into
the Cerro Toledo interval may move downgradient and/or continue to infiltrate. Because sediments in the
Cerro Toledo interval may have similar mineralogy and texture as the alluvium in Mortandad Canyon, it may
be difficult to distinguish the two strata in borehole samples. An understanding of the alluvial and bedrock
stratigraphy near the sediment traps is imperative to an understanding of the potential migration pathways
for contaminants.

Approach

One additional well (MCO-7.2) will be installed near the sediment traps to evaluate hydrologic and
geochemical characteristics of the alluvial groundwater, establish the extent of saturation in the alluvium
and/or bedrock units, and obtain subsurface stratigraphic information. The well will be installed and
completed as described in Section 7.3.4.2.1 and screened through the saturated zone. Core will be
obtained and archived to determine the alluvial and bedrock stratigraphy. The alluvium is expected to be
approximately 60 ft (18 m) thick at this location. Suballuvial stratigraphy may include the Cerro Toledo
interval.

Groundwater samples will be collected two times, once in the fall or winter when the TA-50 RLWTF
discharge typically dominates surface flow and once in the spring or summer when runoff typically
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dominates surface flow. Samples will be analyzed for the parameters listed in Table 7.3.4-4. Borehole core
samples will be collected and analyzed for the parameters listed in Table 7.3.4-5.

Issue Number 8

Colloids are present in alluvial groundwater in Mortandad Canyon. What is their composition and particle
size distribution? What contaminants (actinides) are associated with the colloids?

Importance

Penrose et al. (1990, 11770) report on the occurrence of americium and plutonium in alluvial groundwater
within Mortandad Canyon. Results of their investigation suggest that americium and plutonium are tightly
or irreversibly associated with colloidal material between 25 and 450 nm in diameter. Colloidal transport
may be a major mechanism for dispersal of these contaminants. Laboratory surveillance data collected
since 1967 generally support this hypothesis because these two actinides are measured in most of the
alluvial wells in Mortandad Canyon.

The composition of the colloidal material is not known; it may consist of silica, ferric hydroxide, clay
minerals, and solid organic matter. According to Penrose et al. (1990, 11770) americium and plutonium
colloids could not be completely removed from groundwater by serial filtration. Moreover, the fraction of
americium not associated with colloids is stable in a low-molecular weight form (<2nm in diameter) and may
occur as an anion of unknown composition (see Section 3.8.5 in Chapter 3 of this work plan for a
discussion of americium speciation).

Approach

Groundwater samples will be collected two times from alluvial wells MCO-4B and MCQO-6.8, once in the fall
or winter when the TA-50 RLWTF discharge typically dominates surface flow and once in the spring or
summer when runoff typically dominates surface flow. Samples will be both filtered and unfiltered for
evaluation of total colloids. The analyses will be used to assess the particle size distribution in
groundwater. The apparatus used in the sample collection as described by Triay et al. (1996, 56031)
incorporates serial filters of three different sizes. Before and after each filtration, samples will be stored in
borosilicate glass bottles to minimize adsorption of colloids onto the container surface.

All samples will be collected in duplicate, which includes both unacidified and acidified samples (pH 4).
Both types of samples will provide information on mineral precipitation potentially induced during sample
collection (for example, precipitation of calcium carbonate or other solids that may change the amount of
colloids to be measured in the alluvial groundwater).

After dilution in ultrapure water, particles will be counted with a Horiba (PLC311) unit and analyzed with
respect to size according to the intensity of the scattered light that the particles produce in the unit laser
beam. Colloid concentration for a given size range will be calculated using the Paul Schetrrer Institute
computer code COLIAT (for colloid linear analytical treatment) (Triay et al. 1996, 56031). Activities of
americium, neptunium, plutonium, and uranium in the various size fractions will be determined by liquid
scintillation counting (LSC) and/or alpha spectrometry.

Issue Number 9

Is alluvial groundwater present east of welt MCO-13 and, if so, how much infiltrates into the Bandelier Tuff
and stratigraphic units in lower Mortandad Canyon?
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Importance

Alluvial groundwater in lower Mortandad Canyon may move along the canyon axis; therefore, groundwater
represents a potential source of recharge to the Cerro Toledo interval and deeper units. Groundwater may
also move laterally at contacts or other surfaces where hydraulic characteristics change. Data obtained
from boreholes (Stoker et al. 1991, 7530) show the presence of americium, plutonium, tritium, and
uranium at varying depths; tritium has been found at depths of at least 194 ft (59.1 m). However, the
activities of tritium observed had not reached background levels in the deepest penetration.

Recent measurements from well MCO-13 indicate for the first time the presence of groundwater at this
location. Analyses show the presence of chloride, nitrate, sulfate, and other solutes. However, the
concentrations of sulfates did not match those of any other groundwater previously analyzed in
Mortandad Canyon (see Table 3.8.1-1 in Chapter 3 of this work plan); therefore, the source(s) of the water
is unknown.

in addition, activities of tritium were below detection (300 to 370 pCi/L) in three samples collected by the
Agreement in Principle staff. Activities of tritium in TA-50 RLWTF discharges have been substantially
higher. During borehole advancement for the installation of previous wells near the Laboratory boundary,
the presence of the Cerro Toledo interval beneath the alluvium in lower Mortandad Canyon was not
recognized; therefore, the existing wells probably did not penetrate through the complete thickness of
the Cerro Toledo interval and potentially missed deeper perched zones of saturation.

Approach

A north-south transect of at least two additional wells (MCO-13A and MCO-13B) completed in the
alluvium/Cerro Toledo interval will be installed in lower Mortandad Canyon north of the Laboratory
boundary to further characterize groundwater in the combined stratigraphic unit. The boreholes will be
continuously cored or sampled by split-spoon, if possible, to obtain samples for both stratigraphic
identification and contaminant characterization. Borehole core samples will be analyzed for metals,
radionuclides, and organic compounds. Water level measurements will be continuously recorded using
pressure transducers, if possible, for two years. The wells are expected to be less than 150 ft (46 m) deep
and will have a screened interval (minimum of 10 ft) installed through the saturated zone. Wells will be
installed as described in Section 7.3.4.2.1.

Groundwater samples will be collected two times, once in the fall or winter when the TA-50 RLWTF
discharge typically dominates surface flow and once in the spring or summer when runoff typically
dominates surface flow. Samples will be analyzed for the parameters listed in Table 7.3.4-4. Borehole core
samples will be collected at the alluvium/bedrock interface, and in other zones, if appropriate, and
analyzed for the parameters listed in Table 7.3.4-5.

7.3.4.1.3 Bandelier Tuff Groundwater and Borehole Sampling and Analysis

Stoker et al. (1991, 7530) documented the movement of tritium and other contaminants within the Otowi
Member beneath Mortandad Canyon. Contaminants may have reached the Guaje Pumice Bed and
deeper strata. Preliminary results of hydrologic modeling by ESH-18 personnel, using hydrologic and
recharge data from Purtymun (1967, 8987), suggest that the Guaje Pumice Bed may be >90% saturated.
The possible perched water-bearing zone in the Guaje Pumice Bed lies between the known sources of
contamination and the deeper regional aquifer in Mortandad Canyon. This intermediate perched zone
may serve either as a pathway or as a barrier to the long-term transport of contaminants to the regional
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aquifer, depending on the geochemical properties of the water-bearing material (sorption capacity),
hydraulic conductivities, and the degree of saturation of the perching layer(s). Individual zones could
serve as a barrier in one location and as a pathway in another depending on the degree of saturation. If
saturation is encountered the proposed shallow wells (MC0-6.8, MCO-7.2, MCO-13A, MCO-13B, and
TSCO-6A) will be completed within the Cerro Toledo interval, and the two proposed Bandelier Tuff welis
(MCOBT-4.4 and MCOBT-8.5) will be completed in the Guaje Pumice Bed. These two wells are designed
to determine whether tritium and other contaminants have reached the Guaje Pumice Bed.

Drilling of the two Bandelier Tuff wells is scheduled for the spring of 1999 (Table 7.3.4-6). Budgeted costs
for the wells are also included in the table. Sampling is scheduled for June 1999 and November 1999.

JABLE 7.3.4-6
BANDELIER TUFF WELLS DRILLED IN MORTANDAD CANYON

Duration Early Early Budgeted Cost
Activity (days) Start Finish (dollars)
Write contracts and mobilize groundwater 22 3/10/99 4/01/99 26169.40
Drill/log intermediate well no. 1 14 4/02/99 4/16/99 178041.40
Waste management 37 4/02/99 5/09/99 5905.00
Sample intermediate wells 24 6/01/99 6/25/99 2361.04
Analyze water samples 72 6/30/99 9/10/99 71266.10
Drilllog intermediate well no. 2 13 7/05/99 7/18/99 178041.40
Assess data and write report 27 9/18/99 10/15/99 32824.00

Sampling and analysis of the possible intermediate perched zone within the Bandelier Tuff (Guaje Pumice
Bed) will focus on chloride, nitrate, tritium, and other solutes in the TA-50 RLWTF discharge to
characterize geochemical and hydrologic properties of the stratum and to assess its potential to be a
source of recharge to the regional aquifer. Investigations will be conducted in Mortandad Canyon to clarify
the distribution of tritium and other solutes in the Bandelier Tuff including

. the hydraulic properties of the vadose zones in the Otowi Member and Guaje Pumice Bed,
. the degree of contamination,
. geochemical and hydraulic properties of the Otowi Member and Guaje Pumice Bed and

mechanisms that may cause perching and movement of groundwater, and
. the potential for recharge to the regional aquifer.

Investigations will involve drilling, coring, and the installation of two wells (MCOBT-4.4 and MCOBT-8.5) to
characterize and assess tritium contamination within the Guaje Pumice Bed (see Section 3.5.3 in Chapter
3 of this work plan). Results of these studies will be used to plan the installation of three regional aquifer
wells (R-13, R-14, and R-15) discussed in the Hydrogeologic Workplan (LANL 1996, 55430) and in
Section 7.3.4.1.5.
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Proposed Bandelier Tuff Wells and Hydrologic and Geochemical Investigations

This section describes the rationale for the proposed hydrologic and geochemical investigations of
Bandelier Tuff wells to determine the vertical extent of contamination in the Bandelier Tuff beneath
Mortandad Canyon. Questions to be addressed for the Bandelier Tuff system include assessing tritium
contamination within the Otowi Member. The issues, importance, and proposed technical approach are
discussed below.

The investigation includes installing two Bandelier Tuff wells, which are listed in Table 7.3.3-2. The
approximate well locations are shown in Figure 7.3.3-2. The well locations are based on a review of
existing hydrologic and geologic data and are intended to determine whether the Guaje Pumice Bed is
saturated and contaminated with chloride, nitrate, tritium, and other solutes in the TA-50 RLWTF
discharge.

If saturated zones are encountered, borehole water will be sampled during drilling, and groundwater will
be sampled after completing and developing each well and again approximately six months later to
account for seasonal variations.

Pore water from core samples will be analyzed for the parameters listed in Table 7.3.4-7. Groundwater
samples will be analyzed for the parameters listed in Table 7.3.4-8. The analytical suites may be altered if
further characterization objectives are identified on the basis of the first analysis. Methods for analysis of
water samples are described in Section 7.3.4.3.1; methods for analysis of borehole core samples are
described in Section 7.3.4.3.2.

Issue Number 1

To what depth(s) have tritium and other contaminants migrated vertically below the canyon floor west of
TW-8 in Mortandad Canyon?

Importance

Chloride, nitrate, ®Sr, and tritium have been detected above background levels in the regional aquifer at
TW-8. In addition, Stoker et al. (1991, 7530) confirmed the presence of tritium (tritiated water) (activities up
to 20 nCi/L) in the boreholes for moisture access tubes MCM-5.1 and MCM-5.9A. The tritium has migrated
to at least 200 ft (61 m) beneath the canyon floor. The purpose of a new borehole is to determine the
vertical extent of contamination including whether it occurs below middle Mortandad Canyon and to
characterize the hydrogeologic properties of the core samples to further quantify movement of wetting
fronts through the Bandelier Tuff.

The conceptual model of contaminant transport beneath middle Mortandad Canyon, presented in
Chapter 4 of this work plan, infers movement of contaminated water downward through the Tshirege
Member and laterally within the Cerro Toledo interval. A combination of unsaturated and saturated flow
may occur within the Otowi Member, which may enhance saturation within the Guaje Pumice Bed. If
saturation is found in the Guaje Pumice Bed, the potential for contaminant transport to the regional aquifer
may be increased. Data collected from this borehole/characterization well will help determine if the
contamination present in TW-8 is due to transport through the Bandelier Tuff and/or leakage along the
annulus of TW-8.
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TABLE 7.3.4-7

ANALYTICAL SUITE FOR PORE WATER EXTRACTED
FROM BOREHOLE CORE SAMPLES IN THE DEEP UNSATURATED ZONE&:®

Laboratory-Measured Parameters

Alkalinity Specific conductance
pH Temperature
Major and Minor lons
Aluminum Fluoride Nitrite
Bromide Iron . Phosphate
Calcium Magnesium Potassium
Chlorate Manganese Sodium
* Chloride Nitrate ~ Sulfate
Trace Elements
Aluminum Chromium Silver
Antimony Cobalt Thallium
Arsenic Copper Titanium
Barium Lead Uranium
Beryllium Mercury Vanadium
Boron Nickel Zinc
Cadmium Selenium

Dissolved Organic Carbon (fractionation analysis)

Total Suspended Solids

Total Dissolved Solids

Neutral Species (SiO,)

Hardness

Cyanide

Stable Isotopes

Deuterium/hydrogen

180/160 .

Radionuclides

24 Am 239,240P u

235 U

Gamma spectroscopy

137Cs QOSr

ZSBU

Gross-alpha, -beta, and -gamma

ZSBP u 234U

ZSBU

Tritium (low-detection-limit)

a. Filtered (<0.45 pm) and unfiltered water samples will be collected.

b. If sample volume is limited, analyses will focus on major cations, anions, metals, and tritium.
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TABLE 7.3.4-8

ANALYTICAL SUITE FOR INTERMEDIATE PERCHED ZONE
AND REGIONAL AQUIFER GROUNDWATER SAMPLES*

Field-Measured Parameters

Alkalinity pH Temperature
Dissolved oxygen Specific conductance Turbidity
Major and Minor lons
Aluminum Fluoride Nitrite
Bromide Iron Phosphate
Calcium Magnesium Potassium
Chlorate Manganese Sodium
Chiloride Nitrate Sulfate
Trace Elements
Aluminum Chromium Silver
Antimony Cobalt Thallium
Arsenic Copper Titanium
Barium Lead Uranium
Beryllium Mercury Vanadium
Boron Nickel Zinc
Cadmium Selenium
Organic Compounds
VOCs
SVOCs

Dissolved Organic Carbon (fractionation analysis)

Total Suspended Solids

Total Dissolved Solids

Neutral Species (SIiO,)

Hardness

Cyanide

Stable and Radiogenic Isotopes

14C 130

=Cl

Deuterium/hydrogen

180/160

Radionuclides

241 Am

239.240P u

235U

Gamma spectroscopy

137Cs

“Sr

236U

Gross-alpha, -beta, and -gamma

238Pu

234U

ZSBU

Tritium (low-detection-limit)

*Filtered (<0.45 um) and unfiltered water samples will be collected.
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The results of drilling, sampling, and analysis of core samples from the Bandelier Tuff characterization
boreholes will help finalize the locations of the regional aquifer wells.

Approach

One borehole will be drilled west of TW-8. The borehole will be drilled into the Guaje Pumice Bed at a
projected depth of 480 to 510 ft (146 to 155 m) and into the Puye Formation to approximately 530 ft (162
m) (see Figure 7.3.4-1). Core will be collected continuously. If saturation is encountered within the Guaje
Pumice Bed, a well (MCOBT-4.4) will be installed and completed as described in Section 7.3.4.2.2. The
well is designed to delineate tritium and other contaminants found in the Tshirege Member, Cerro Toledo
interval, Otowi Member, and possibly the Guaje Pumice Bed. A 10-ft (3.0-m) (or greater) screen will be
placed across the saturated zone within the Guaje Pumice Bed. A surface casing will be set and cemented
in the alluvium to prevent alluvial groundwater from moving down the well/borehole annulus.

Groundwater samples will be collected and analyzed for the parameters listed in Table 7.3.4-8. Borehole
core samples will be analyzed for the parameters listed in Table 7.3.4-5.

Issue Number 2

To what depth(s) have tritium and other contaminants migrated within the Otowi Member and possibly to
the Guaje Pumice Bed east of borehole MCC-8.2 in Mortandad Canyon?

Importance

Alluvial groundwater provides a source of recharge to the Cerro Toledo interval and the Bandelier Tuff
beneath lower Mortandad Canyon. Data collected from borehole MCC-8.2 show the presence of
americium, tritium, and uranium at varying depths (see Section 3.5 in Chapter 3 of this work plan) (Stoker
et al. 1991, 7530); tritium is found to depths of at least 184 ft (56 m). However, the activity of tritium had
not reached background level in the deepest penetration. This issue involves both the amount of alluvial
groundwater available for infiltration and the stratigraphy and hydraulic properties of the underlying
bedrock.

Approach

One borehole will be drilled east of MCC-8.2. Core will be collected through the Guaje Pumice Bed, and a
well will be installed (MCOBT-8.5). This well is designed to delineate tritium and other contaminants found
in the Otowi Member and possibly the Guaje Pumice Bed. A surface casing will be set in the alluvium to
prevent alluvial groundwater migration down the well/borehole annulus. if groundwater is encountered
below this zone, the well will be installed with a 10-ft (3.0-m) (or greater) screen placed at the water table.
The borehole will be drilled into the Guaje Pumice Bed at a projected depth of 360 to 400 ft (110 to 122 m)
and into the Puye Formation to approximately 420 ft (128 m) (see Figure 7.3.4-1). The well will be installed
and completed as described in Section 7.3.4.2.2. If saturation is encountered in the Guaje Pumice Bed,
MCOBT-8.5 will be completed within the Guaje Pumice Bed.

If a saturated zone is encountered, groundwater samples will be collected and analyzed for the parameters
listed in Table 7.3.4-8. Borehole core samples will be collected continuously in other units, such as at the
contact between the Cerro Toledo interval and the Otowi Member, at the discretion of the technical team.
Core samples will be analyzed for the parameters listed in Table 7.3.4-5.
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7.3.4.1.4 Bandelier Tuff Borehole Characterization
The boreholes for wells MCOBT-4.4 and MCOBT-8.5 will be characterized as described below.
. Lithologic Log

A lithologic log will be prepared from cores, cuttings, and drilling performance data. All cores will be
archived for possible future mineralogical, chemical, or hydraulic analyses. Each core or cutting
interval will be photographically documented with lithologic observations, geological logs, and
other analyses according to depth.

. Geophysical Logging

Geophysical logs will be run in the boreholes, and compact neutron moisture logs may be run in
shallower portions of the boreholes. Natural gamma, neutron moisture, and density logs may be
run if the drilling method and borehole stability permit. Other geophysical logs, as discussed in
Section 4.1.1.6 of the Hydrogeologic Workplan (LANL 1996, 55430), may be considered if, in the
opinion of the technical team, they will satisfy a technical need.

. Core Collection

The Bandelier Tuff boreholes will be continuously cored to enable detailed geologic logging. The
objectives of continuous coring are to add to the stratigraphic database of the region and to
enable the evaluation of the mechanism of perching, sources of recharge, stratigraphic
correlation, and hydraulic properties of the zone if a perched zone is encountered. The boreholes
will be drilled to a depth sufficient to penetrate the base of the Guaje Pumice Bed (30 ft [9.1 m])
and into the underlying Puye Formation to determine the potential for downward movement of
groundwater. The boreholes will be completed as wells if a perched zone is encountered within
the Guaje Pumice Bed.

. Borehole Water Collection

Borehole water will be collected during drilling activities from the Guaje Pumice Bed using a clean
noncontaminated bailer. Field-measured parameters including pH, temperature, specific
conductance, turbidity, and alkalinity will be recorded at the time of sampling. Key indicator
contaminants for Bandelier Tuff boreholes in Mortandad Canyon include chloride, fluoride, nitrate,
2 Am, '97Cs, 2¥Py, 29290py, NGy, and tritium. Filtered water samples will be filtered through a
0.45-um membrane, transferred to clean bottles, and acidified (metals and radionuclides) with
nitric acid to pH <2 or nonacidified (anions) before chemical analyses. Unfiltered water samples will
be collected and analyzed for tritium and stable isotopes (hydrogen and oxygen). Additional
unfiltered samples may be collected and analyzed for organic compounds, metals, and
radionuclides if a sufficient volume of borehole water can be extracted. Unfiltered samples will be
acidified with nitric acid (pH <2) before chemical analyses for metals and radionuclides. If there is a
shortage of water, major anions (bromide, chloride, fluoride, and nitrate) will be analyzed first; then
tritium, metals, and other radionuclides will be analyzed.

7.3.4.1.5 Hydrogeological Characterization of the Regional Aquiferv

This section describes the proposed hydrogeologic and geochemical characterization of the regional
aquifer within Mortandad Canyon and southward near water supply well PM-5. The ultimate goal of this
characterization effort is to enhance the Laboratory’s groundwater monitoring program by identifying the
locations of water-bearing zones, determining hydrologic characteristics of those zones, and determining
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the most appropriate chemical constituents to be monitored. The characterization of Mortandad Canyon
will be coordinated with the Hydrogeologic Workplan (LANL 1996, 55430).

For the purpose of the Mortandad Canyon investigation, the focus of the regional aquifer characterization
is to evaluate the potential for downward movement of potentially contaminated groundwater and to
determine whether the regional aquifer contains Laboratory-derived contaminants. The characterization
effort will involve a reevaluation of information from existing wells (PM-5 and TW-8) that are completed in
the regional aquifer near Mortandad Canyon, selective resampling and analysis of those wells, and
installation of three new wells (R-13, R-14, and R-15) in accordance with the Hydrogeologic Workplan
(LANL 1996, 55430). The activities are listed below in order of priority.

. Installing regional aquifer well R-15, with continuous core collection in the borehole, to determine
hydrologic and geochemical properties of potential intermediate perched zones and the upper
portion of the regional aquifer beneath lower Mortandad Canyon near the sediment traps.

. Installing regional aquifer well R-13 near MCO-3, as discussed in the Hydrogeologic Workplan
(LANL 1996, 55430), after the data from well R-15 have been obtained and assessed. Well R-13
is needed to add detail to the stratigraphy of the area of the canyon system and to determine
hydraulic and geochemical properties of potential intermediate perched zones and the upper
portion of the regional aquifer beneath upper Mortandad Canyon near well MCO-3.

° Installing regional aquifer well R-14 to determine the long-term integrity, in terms of potential
contamination, of supply well PM-5 located 0.35 mi (0.56 km) south of Mortandad Canyon.

. Resampling of TW-8 and analysis for low-detection-limit tritium, chlorate, organic compounds,
dissolved organic carbon, major and minor ions, trace elements, stable isotopes, field-measured
parameters, 2'Am, “C, "¥'Cs, #8Pu, 29240Py, %8, 24, 233, and **U. This sampling and analysis is
designed to determine if previously reported contaminants (Cl, NO,, and tritium) are still present in
the regional aquifer.

Proposed Regional Aquifer Wells and Hydrogeologic and Geochemical Investigations

The wells discussed in this section are listed in Table 7.3.3-3 and shown in Figure 7.3.3-2. Methods for
analysis of water samples are described in Section 7.3.4.3.1; methods for analysis of borehole core samples
are described in Section 7.3.4.3.2. The regional aquifer wells will be located such that alluvial groundwater
will not be penetrated, therefore eliminating the potential contamination of the regional aquifer.

Discrete groundwater zones will be sealed by placement of bentonite seals at the bottom of the casing
string landed within the perching layers. The bentonite grout will be injected into the annular space around
the bottom of the casing using a mechanical grout injection system. A smaller-diameter casing will be tripped
inside the sealed casing string to advance the borehole. Water levels will be monitored inside the borehole
to ensure that the bentonite seals perform as planned.

Well R-15 will be located east of the sediment traps. The purpose of this well is to investigate the regional
aquifer and intermediate perched zones where one interpretation of existing water-balance data (Koenig
and McLin circa 1993, 56029) suggests that rates of infiltration from the alluvium are high. In addition,
Stoker et al. (1991, 7530) report elevated tritium in borehole MCC-8.2 within the Otowi Member. Sampling
of the borehole for well R-15 and the developed well will provide contaminant distribution data for ER
Project investigations in Mortandad Canyon. The borehole will be continuously cored.
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Well R-13 will be located near alluvial well MCO-3 where the alluvial sediments are relatively thin and form a
shallow contact with the Bandelier Tuff. Well MCO-3 contains elevated concentrations of 2'Am, '¥Cs, NO,,
238p, 239.240py 90Gr tritium, and other constituents (as discussed in Section 3.7 in Chapter 3 of this work
plan). The purpose of this well is to provide water quality, geochemical, and water level data for potential
perched groundwater zones and for the regional aquifer within Mortandad Canyon (termed Aggregate 7 in
the Hydrogeologic Workplan [LANL 1996, 55430]). Well R-13 will be completed in the Puye Formation,
and the data obtained from the installation will supplement the stratigraphic, hydrologic, and geochemical
data obtained from the installation of wells R-14 and R-15.

Well R-14 will be located at the eastern end of Ten Site Mesa at TA-35 and installed by personnel from the
ER Project and ESH-18 with Defense Program funding. The purpose of well R-14 is to provide early
detection of any contaminants at the top of the regional aquifer that may be moving toward water supply
well PM-5. However, its location will also provide additional information about the nature and extent of
intermediate perched zones.

The three proposed new regional aquifer wells, together with other activities, will address specific issues
relevant to the regional aquifer. These issues, their importance, and the proposed technical approach to
addressing them are detailed below.

Issue Number 1

Does alluvial and potential intermediate-depth groundwater provide a source of recharge to the regional
aquifer near the sediment traps? What is the stratigraphy near the sediment traps?

Importance

Laboratory surveillance data collected in Mortandad Canyon show elevated concentrations of 2'Am, '¥Cs,
NO,, 2%Pu, 22924py, %Gy, tritium, U, 24U, 2°U, and #*U in ephemeral surface water. Infiltration of tritium
beneath the canyon floor farther east to depths of at least 200 ft (61 m) has been documented by Stoker
et al. (1991, 7530) (see Section 3.5.3 in Chapter 3 of this work plan).

Approach

Well R-15 will be located in Mortandad Canyon (near the south side of the canyon). The well is designed to
provide characterization water quality, geochemical, and water level data for potential intermediate
perched zones (Bandelier Tuff, basalts, and Puye Formation) and the regional aquifer east of the
sediment traps. The projected stratigraphy at the location of well R-15 is illustrated in Figure 7.3.4-2. The
borehole for well R-15 will be drilled with continuous coring (Type 3 well) into the upper 100 ft (30.5 m) of
the regional aquifer (Santa Fe Group) and then backfilled to approximately 40 ft (12.2 m). The well will be
completed in the Totavi Lentil, tentatively with a 60-ft (18.3-m) screen placed within the upper 55 ft (16.8
m) of saturation with the regional aquifer. Data from well R-15 will provide stratigraphic, hydrologic, and
geochemical information for well R-13 and well R-14. The exact location will be determined based on
hydrogeological and geochemical information obtained during this investigation. The installation is
proposed as a Type 3 well to be completed in fiscal year (FY) 2000 (LANL 1996, 55430). Borehole
advancement and well construction procedures are described in Section 4.1.1.3 of the Hydrogeologic
Workplan (LANL 1996, 55430).

Groundwater and/or pore water samples collected from the Bandelier Tuff, basalts, Puye Formation, and
Santa Fe Group will be processed using careful sampling and/or filtration/centrugation techniques.
Groundwater samples will be analyzed for the parameters listed in Table 7.3.4-8. Given adequate volumes
of pore water, those samples will be analyzed for the parameters listed in Table 7.3.4-7. Borehole core
samples will be analyzed for the parameters listed in Table 7.3.4-5.
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Figure 7.3.4-2. Projected stratigraphic sections for proposed regional aquifer wells.
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Issue Number 2

Does contaminated surface water and alluvial and potential intermediate-depth groundwater near MCO-3
provide a source of recharge to the Bandelier Tuff and other intermediate perched zones and to the
regional aquifer in middle Mortandad Canyon?

Importance

Well R-13 will be located in Mortandad Canyon (near well MCO-3 and on the south side of the canyon)
downstream from active and inactive outfalls at TA-48, -50, and -55. The well is proposed to be installed
during FY2001. it is designed to provide water quality, geochemical, and hydrologic data for potential
intermediate perched zones and for the regional aquifer near MCO-3. The projected stratigraphy of well
R-13 is illustrated in Figure 7.3.4-2. Laboratory surveillance data collected in Mortandad Canyon show
elevated concentrations of 2'Am, ¥Cs, NO,, 2®Pu, 2%2%py, %Gy, tritium, and uranium in surface water and
in alluvial groundwater. Some of the contaminants in alluvial groundwater exceed MCLs in MCO-3 (for
example, 22.7 mg/L of NO;-N, MCL = 10 mg/L; 18.5 pCi/L of %Sr, MCL = 8 pCi/L) (Environmental
Protection Group 1993, 23249). Contaminant distributions in alluvial groundwater and the observed
mobility of NO,, *Sr, and tritiumin the unsaturated zone beneath the canyon floor east of MCO-3 strongly
support the need to install this additional regional aquifer well. In addition, Purtymun (1967, 8987)
suggested that 80% of the annual input to the alluvial groundwater infiltrates into the Bandelier Tuff in the
middle canyon near well MCO-3. There is a need to better define the infiltration mechanisms and to
quantify the potential transport of contaminants into the Bandelier Tuff and underlying strata.

The conceptual model of the water loss in middle Mortandad Canyon (as discussed in Chapter 4 of this
work plan) includes potential infiltration of alluvial groundwater to perched zones within the Bandelier Tuff,
including the Tsankawi Pumice Bed, Cerro Toledo interval, and Guaje Pumice Bed. Infiltration in the upper
canyon may occur through units 2, 1g, and 1v of the Tshirege Member of the Bandelier Tuff. A relatively
thick section of Cerro Toledo interval that may accumulate water and contaminants may be present
beneath Tshirege Qbt 1v unit. The Cerro Toledo interval may merge with the alluvium to form a single
hydrogeologic unit in lower Mortandad Canyon.

Infiltration may also occur beneath the Cerro Toledo interval. Groundwater may move downgradient within
the Cerro Toledo interval and/or may infiltrate to deeper zones of saturation, such as the Guaje Pumice
Bed.

Approach

Well R-13 is proposed to be installed during FY2001 (LANL 1996, 55430) in middle Mortandad Canyon
near well MCO-3 to examine existing and potential movement of contaminants to the Guaje Pumice Bed
and underlying strata. This Type 2 well will be used to constrain recharge pathways to the regional aquifer
to help refine the location of well R-14. In Type 2 wells, approximately 10% of the borehole is cored (rather
than continuous core) with emphasis on intermediate perched zones and geologic contacts. The
borehole for R-13 will be drilled on the Qbt 2 bench south of the stream channel to avoid saturation within
the alluvium. Core will be collected to characterize the subsurface bedrock units, measure moisture
content, determine hydraulic properties, and locate possible zones of saturation within the Guaje Pumice
Bed and underlying strata. Well R-13 will be completed within the upper 100 ft (30.5 m) of the regional
aquifer and may consist of a 60-ft (18.3-m) screen; the top of the screen will be placed 5 ft (1.5 m) above
the water table. The well will be installed and completed as described in Section 7.3.4.2.3.
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If saturation is encountered within the Guaje Pumice Bed, a separate well will be completed with a
screened interval across zones of saturation in the Guaje Pumice Bed at a depth of approximately 570 to
600 ft (174 to 183 m) (see Figure 7.3.4-3). The well will be installed and completed as described in
Section 7.3.4.2.2.

Groundwater and/or pore water samples collected from the Bandelier Tuff, basalts, Puye Formation, and
Santa Fe Group in well R-13 will be processed using careful sampling and/or filtration/centrugation
techniques. Groundwater samples will be analyzed for the parameters listed in Table 7.3.4-8. Given
adequate volumes of pore water, those samples will be analyzed for the parameters listed in Table 7.3.4-7.

Borehole core samples will be collected at the base of the Guaje Pumice Bed and the top of the
basalts/Puye Formation and, possibly, in other intervals such as the contact between the Cerro Toledo
interval and the Otowi Member. Additional borehole core samples will be collected deeper in the borehole
when saturation and perching layers are encountered in the Puye Formation. Borehole core samples will
be analyzed for the parameters listed in Table 7.3.4-5.

Issue Number 3

What is the long-term integrity, in terms of potential contamination, of supply well PM-5 located 0.35 mi
(0.56 km) south of Mortandad Canyon?

Importance

Previous Laboratory investigations and surveillance data show that surface water and alluvial groundwater
in Mortandad Canyon contain 24'Am, NO;, 22%Py, *Sr, and tritium discharged from the TA-50 RLWTF.
Elevated activities of tritium occur in core samples collected 200 ft (61 m) below the canyon floor (Stoker et
al. 1991, 7530). Sampling and analysis of TW-8 confirmed the presence of 'Am (0.034 pCi/L), NO; (-N)
(5.1 mg/L), 2**°Py (0.188 pCi/L), *Sr (2.1 pCi/L), and tritium (89 pCi/L) in the regional aquifer beneath
Mortandad Canyon (Environmental Protection Group 1996, 54769).

Approach

Well R-14 will be installed with Defense Program funding as part of their contribution to the Hydrogeologic
Workplan (LANL 1996, 55430). The description of this well is included in this work plan because it
supplements and contributes to the hydrogeologic and geochemical characterization of Mortandad
Canyon. Well R-14 will be located on the mesa south of Mortandad Canyon upgradient of water supply
well PM-5. The well is part of a southeasterly traverse of reference wells for the Laboratory that includes
R-6 (Los Alamos Canyon) and R-16 (east side of White Rock) and a north-south traverse that includes R-1
(Rendija Canyon) and R-28 (Water Canyon) as discussed in the Hydrogeologic Workplan (LANL 1996,
55430). The projected stratigraphy at the location of well R-14 is illustrated in Figure 7.3.4-2.

Well R-14 is designed to provide hydrologic information about the radius of influence of pumping from
PM-5, and it will be used to detect the migration of contaminants from Mortandad Canyon toward the water
supply well. The installation is proposed as a Type 2 well to be completed during FY2001 (LANL 1996,
55430). Borehole advancement and well construction procedures for Type 2 wells are described in
Section 4.1.1.2 of the Hydrogeologic Workplan (LANL 1996, 55430). The borehole may be advanced up
to 500 ft (152 m) into the regional aquifer. This sampling and analysis plan will be reevaluated after
completion of well R-15 and well R-13 for optimizing the information obtained from this borehole and well.

August 1999 7-90 Mortandad Canyon Work Plan



gy w
Chapter 7 Sampling and Analysis Plan

The cores will be subjected to chemical analyses and physical testing, and the borehole will be subjected
to a variety of geophysical tests.

Groundwater and/or pore water samples will be collected from the Bandelier Tuff, basalts, Puye Formation,
and Santa Fe Group sediments. Samples will be processed using careful sampling and/or
filtration/centrugation techniques. Groundwater samples will be analyzed for the parameters listed in Table
7.3.4-8. Given adequate volumes of pore water, those samples will be analyzed for the parameters listed
in Table 7.3.4-7. Borehole core samples will be analyzed for the parameters listed in Table 7.3.4-5.

Issue Number 4

What is the composition and geochemistry of the regional aquifer at the water table in well TW-8 in
Mortandad Canyon?

Importance

Groundwater that infiltrates beneath the alluvium may form an intermediate perched zone in the Guaje
Pumice Bed. No intermediate perched water was reported during the drilling for TW-8 in 1960 (before the
TA-50 RLWTF discharge began [1963]), but the borehole was drilled by cable tool, and saturated zones
of limited thickness could have been missed. Water-balance studies conducted by Purtymun (1967,
8987) after the TA-50 RLWTF began operation suggested that infiltration from the alluvium may be
greatest in the upper canyon upgradient of TW-8. Recharge pathways to the regional aquifer may include
flow through the porous rock matrix and fracture flow or leakage along the well annulus. TW-8 is completed
in the Puye Formation, and recent sampling and analysis showed the presence of 2'Am (0.034 pCi/l),
NO;-N (5.1 mg/L), 2*24°%Py (0.188 pCi/L), *°Sr (2.1 pCi/L.), and tritium (89 pCi/L) (Environmental Protection
Group 1996, 54769). Pumping tests suggest that the extent of contamination is limited to the immediate
vicinity of the well or the water volume immediately inside the well. Near TW-8, the recharge mechanism
responsible for the appearance of tritium and other contaminants in the regional aquifer needs to be
better defined so that the potential for future contamination can be evaluated.

Approach

Existing water quality data collected at TW-8 will be reevaluated. After data reevaluation, groundwater
samples will be collected in time series (one sample every 4 hours for 48 hours) to evaluate the effects of
TW-8 pumping on groundwater chemistry and the distribution of contaminants. Samples wili be analyzed
for the parameters listed in Table 7.3.4-8.

At installation in 1960, the screen in TW-8 is located at 953 to 1065 ft (290 to 325 m) below ground
surface (Purtymun 1995, 45344), and the pump was set at a depth greater than 50 ft (15 m) below the
water table of 968 ft (295 m). The depth to water measured in December 1993 was 993 ft (303 m). When
the well was refitted in 1993 a submersible pump was installed at an unknown depth below the water table.
Dilution of contaminants in infiltrating water may occur during pumping of TW-8 since the pump is not set at
the water table. Before collecting additional groundwater samples, the pump will be repositioned within 20
ft (6.1 m) below the water table.

7.3.4.2 Core and Water Sampling Methods

All samples will be collected using the applicable ER Project SOPs (Table 7.3.4-9) (LANL 1991, 21556)
for the collection, preservation, identification, storage, transport, and documentation of environmental
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samples. Decontamination of sampling equipment will be performed in accordance with LANL-ER-SOP-
01.08, “Field Decontamination of Drilling and Sampling Equipment.” Wash water and other wastes
generated during the sampling operation will be managed and disposed of in accordance with LANL-ER-
SOP-1.06, “Management of RFI Program Wastes.”

JABLE 7.3.4-9

REQUIREMENTS FOR
GROUNDWATER AND BOREHOLE CORE SAMPLING METHODS

Activity LANL-ER-SOP No.
Surface water sampling 06.13
Monitoring well construction 05.01
Well development 05.02
Purging of wells for representative sampling 06.01
Pressure transducer measurements 07.01
Fluid level measurements 07.02
Drilling methods and drill site management 04.01
General borehole logging 04.04
Core-barrel sampling for subsurface earth materials 06.26
Field logging, handling, and documenting of borehole samples 12.01

7.3.4.2.1 Alluvial Borehole Advancement and Well Installation

Borehole advancement and well installation specifications for Type 1 (alluvial) wells that will be followed in
this investigation are discussed in Section 4.1.1.1 of the Hydrogeologic Workplan (LANL 1996, 55430).
The only exception to those specifications is that continuous core samples will be collected throughout
the borehole. The boreholes will be drilled through the Cerro Toledo interval to investigate the possible
connections between alluvial groundwater and potential groundwater in the Cerro Toledo interval.

7.3.4.2.2 Bandelier Tuff Borehole Advancement and Well Installation

If saturation is encountered within the Guaje Pumice Bed, two Type 5 wells are proposed to be completed
in the Bandelier Tuff intermediate perched zones. Borehole advancement and well installation
specifications that will be followed in this investigation are discussed in Section 4.1.1.5 of the
Hydrogeologic Workplan (LANL 1996, 55430). The only exception to these specifications is that each
borehole will be drilled to depths typically less than 500 ft (152 m). Core will be collected along the total
depth of the borehole.

Before drilling, the information available on depth and strata expected to be encountered in drilling to the
target formation will be reviewed to determine which method of borehole advancement is appropriate for
each segment of the borehole.

Well completion will depend on the hydrogeologic conditions encountered at the target horizon, which is
expected to be the Guaje Pumice Bed. If a perched zone is encountered, the well will be completed with a
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10-ft (3.0-m) or greater length of stainless steel screen and stainless steel casing across the perched
zone. From the perched zone to the surface, an alternate casing (such as standard steel or polyviny!
chloride) may be used to minimize cost. A permanent groundwater pump suitable for sample collection
may be installed.

7.3.4.2.3 Regional Aquifer Borehole Advancement and Well Installation

Borehole advancement and well installation procedures that will be followed in this investigation are
discussed in the Hydrogeologic Workplan (LANL 1996, 55430) (Section 4.1.1.2 for Type 2 wells [R-13
and R-14] and Section 4.1.1.3 for Type 3 wells [R-15]).

7.3.4.2.4 General Geophysical Procedures

Geophysical logging will be conducted on the boreholes for the two Bandelier Tuff wells and the three
wells completed in the regional aquifer. The application of logging techniques will complement
hydrogeologic data collected from core samples. Cased-hole wireline logging will be conducted on the
regional aquifer boreholes and/or wells. Application of the various logging techniques will be determined
on a well-by-well basis.

Each borehole for the regional aquifer welis will be logged with open-hole logging tools if borehole
stability is such that the borehole can be advanced without casing. After logging, casing will be set in this
interval, and the borehole will be advanced to a nominal total depth of 1000 ft (305 m). Because of the
unconsolidated nature of the subsurface strata and use of air-rotary drilling, these boreholes will be cased
before wireline logging. Cased-hole logging will be performed from surface to a total nominal depth of
1000 ft (305 m).

Procedures for open-hole and cased-hole geophysical logging are discussed in Section 4.1.6 of the
Hydrogeologic Workplan (LANL 1996, 55430).

7.3.4.2.5 General Sampling Guidelines

The procedures described in this section follow those in the Hydrogeologic Workplan (LANL 1996, 55430)
(Section 4.1.3 for borehole sampling and Section 4.1.4 for groundwater sampling) with several exceptions.
Because of the number of exceptions, the procedures are fully described in this section rather than
incorporating the Hydrogeologic Workplan by reference. In general, the following guidelines will apply to
sampling the boreholes before installation of the Bandelier Tuff well and the three regional aquifer wells.

) Each core or cutting interval will be photographically documented and digitally stored as a visual
log together with lithologic information and other data such as geophysical logs or sample
analyses according to depth.

) Core and cutting samples will be field screened for radioactivity using a Geiger-Miiller detector and
monitored for VOCs using a photoionization detector. Field screening will be conducted at regular
intervals during borehole advancement.

. For the regional aquifer wells, borehole anemometry testing will be conducted in the Bandelier
Tuff at 10-ft (3.0-m) intervals in selected boreholes after the hollow-stem auger and/or
Odex/Stratex casing have been removed.
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. On the continuously cored borehole (R-15), retrieved core samples will be analyzed for tritium and
moisture content at 10-ft (3.0-m) intervals. Samples will not be analyzed for moisture content in
the Puye Formation, basalts, or Tschicoma Formation where saturation is encountered.

. For planning and conceptual design purposes, it has been assumed that four water-bearing
zones will be encountered during advancement of each borehole: three intermediate perched
zones (Bandelier Tuff, basalt, and Puye Formation) and the regional aquifer. |f possible, moisture
profiling will be conducted on four core sample intervals per water-bearing zone. Groundwater
samples (and possibly core pore water samples) will be collected from each water-bearing zone
and analyzed for the parameters listed in Table 7.3.4-8 (or Table 7.3.4-7 for core pore water
samples). Laboratory analyses for these different analytes will be performed on both filtered and
unfiltered samples.

. Hydraulic properties analyses will be conducted on core samples in each borehole based on
stratigraphy, mineralogy, and geochemistry.

. Ten samples of cuttings or core will be collected from each borehole drilled into the Bandelier Tuff
and the regional aquifer for petrographic, x-ray fluorescence, and x-ray diffraction analyses.

. Up to five samples will be collected from the R-15 borehole for K-Ar or ®Ar/*°Ar isotopic dating of
basalts or of tuff deposits in the Puye Formation.

. Samples of cuttings or core will be collected and analyzed to identify potential contaminants at
each borehole location. The uppermost sample in each borehole will be analyzed for a full range
of compounds (see Table 7.2.6-3 and Table 7.2.6-4). Deeper samples will be analyzed for major
and minor anions, trace elements, and tritium (low- and high-detection-limit). In addition, four
samples per borehole will be analyzed for VOCs and SVOCs.

) Samples of core and cuttings will be selected for geochemical analysis based on the changes in
lithology, alteration features, moisture content, and field screening results. Samples will be
collected from representative lithologies identified in the drill log (ER SOP-4.04) at regular
intervals in the absence of other criteria for sample selection. Field logging, handling, and
documentation of borehole materials will be performed in accordance with LANL ER SOP-12.01.

Groundwater from the newly-installed regional aquifer wells will be sampled according to the following
general procedures and assumptions.

) As the boreholes are being drilled, drilling will be interrupted whenever intermediate perched
zone groundwater is encountered and when the top of the regional aquifer is encountered. The
Odex/Stratex temporary casing string may be retracted slightly, as necessary, to ensure
representative sampling. The borehole will be bailed to promote entry of fresh groundwater, and
the borehoie will be rested for up to 24 hours before sampling. Samples will be collected for both
filtered and unfiltered sample analyses, and sample material will be retained for an appropriate
period of time to enable reanalysis, if needed.

. As the wells are completed, the temporary Odex/Stradex casing will be retracted, and the annulus
grouted, specific intermediate perched zones may be resampled, as needed.

. After the wells are completed and developed, groundwater samples will be collected from each
screened interval or Westbay-type port and analyzed for the presence of selected RCRA
Appendix VIl and IX constituents and radionuclides.

August 1999 7-94 Mortandad Canyon Work Plan



Chapter 7 Sampling and Analysis Plan

7.3.4.3 Analytical Methods

This section describes the methods for analyzing groundwater samples for organic chemicals, inorganic
chemicals, and radionuclides and the methods for analyzing borehole core samples for inorganic
chemicals and radionuclides and geotechnical parameters. Analysis of groundwater and borehole core
samples has two purposes: (1) to detect and measure Laboratory-derived COPCs and (2) to obtain
information about the geochemistry of the water-bearing zones.

7.3.4.3.1 Analysis of Groundwater Samples

Groundwater samples collected according to the strategy outlined in Section 7.3.4.1 will initially undergo
full-suite analyses for organic chemicals, inorganic chemicals, and radionuclides at ER Project-approved
fixed-site laboratories. The analytical suites for analysis of organic chemicals, inorganic chemicals, and
radionuclides are listed in Table 7.3.4-4, Table 7.3.4-5, Table 7.3.4-7, and Table 7.3.4-8. All analyses for
organic chemicals will be performed in accordance with EPA SW-846 protocols (EPA 1986, 31733). The
detailed analyte lists, EQLs, MDAs, required QC procedures, and the acceptance criteria are found in the
1995 ER Project analytical services statement of work (LANL 1995, 49738) or the version that is current
when this work plan is implemented. The first sample collected from each alluvial, Bandelier Tuff, and
regional aquifer well and at each surface water sampling location will undergo analysis for the full suite of
organic chemicals, inorganic chemicals, and radionuclides. If organic chemicals are identified as COPCs for a
particular sampling location, all subsequent samples from that location will be analyzed for organic COPCs.
Any organic compound reported as not detected will be excluded from subsequent limited-suite analyses.

All water samples will be analyzed for inorganic chemicals to identify COPCs and to obtain a better
understanding of the baseline geochemistry of surface water and groundwater. The target analytes,
conservative EDLs, and analytical methods for inorganic chemicais are listed in Table 7.3.4-10. Water
samples collected for inorganic analyses will be filtered at the time of collection to remove particles larger
than 0.45 um. In addition, unfiltered water samples will be collected to evaluate the influence of suspended
particles on water chemistry (including suspended solids). Analyses of these samples will be supplemented
by analyses of unfiltered samples collected for environmental monitoring by ESH-18. Measurements for
inorganic chemicals include analyses for 26 trace metals, major anions (bromide, chloride, fluoride, nitrate,
sulfate, and field alkalinity), minor anions (chlorate, nitrite, and orthophosphate), dissolved silica, and total
cyanide. All analyses for inorganic chemicals will be performed in accordance with EPA SW-846 protocols
(EPA 1986, 31732), EPA standard methods (EPA 1983, 56406), or standard methods for chemical analysis
of water (Franson 1995, 56405). The required QC procedures and acceptance criteria for the metals and
total cyanide analyses are found in the 1995 ER Project analytical services statement of work (LANL 1995,
49738) or the version that is current when this work plan is implemented.

The target analytes and their half-lives, detected emission, MDAs, and analytical methods for
radionuclides are listed in Table 7.3.4-11. in addition to measurements of gross-alpha, -beta, and -gamma
radioactivity, the radionuclide analytes include 2¢'Am, 28Pu, 229240py, %Gy, tritium, 24U, 25U, 2%U, and?*U.
The analyses for low-detection-limit tritium and 2*U will help identify whether recent recharge to an
intermediate aquifer and the regional aquifer has occurred.

The ER Project analyte list for the gamma spectroscopy analysis includes the decay series of the naturally
occurring radionuclides 22Th, U, and U as well as fission and activation products and their progeny.
Measurements of naturally occurring radionuclides known to be present in Laboratory soils provide an
indication of the quality of the gamma spectroscopy measurement. Radionuclides with half-lives less than
365 days are not considered to be COPCs. Data for these short-lived radionuclides can be useful when
evaluating values reported for a parent radionuclide because the relative activity concentration of parent
and daughter isotopes is a known quantity. The shorter-lived radionuclides are usually included in the
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TABLE 7.3.4-10

ESTIMATED DETECTION LIMITS AND ANALYTICAL METHODS FOR
INORGANIC CHEMICALS IN GROUNDWATER SAMPLES®

Analyte EDL (uglL) Analytical Method Analytical Protocol®
" Metals (total and dissolved)
Aluminum 10 ICPES SW-6010B
Antimony 0.1 ICPMS SW-6020
Arsenic 1 ETVAA SW-7060A
Barium 2 ICPES SW-6010B
Beryllium 5 ICPES SW-6010B
Boron 10 ICPES SW-6010B
Cadmium 1 ICPMS SW-6020
Calcium 10 ICPES SW-6010B
Chromium 2 ICPES SW-6010B
Cobalt 2 ICPES SW-6010B
Copper 2 ICPES SwW-6010B
Iron 10 ICPES SW-6010B
Lead 3 ETVAA or ICPMS SW-7421 or SW-6020
Magnesium 10 ICPES SW-6010B
Manganese 2 ICPES SW-6010B
Mercury 0.2 CVAA SW-7470A
Nickel 2 ICPES SW-60108
Potassium 10 ICPES SW-6010B
Selenium 0.2 ETVAA SW-7740
Silver 0.2 ICPES SW-6010B
Sodium 50 ICPES SW-6010B
Thallium 2 ICPMS SW-6020
Titanium 2 ICPES SW-6010B
Uranium 1 ICPMS SW-6020
Vanadium 2 ICPES SW-6010B
Zinc 10 ICPES SW-6010B
Anions (dissolved)
Bromide 20 iC SW-9056
Chiorate 20 IC SW-9056
Chloride 20 iIC SW-9056
Fluoride 20 IC SW-9056
Nitrate 40 IC SW-9056
Nitrite 40 iIC SW-9056
Orthophosphate 20 IC SW-9056
Sulfate 100 IC SW-9056
Other Inorganic Chemicals (dissolved)
Silica 200 Colorimetry EPA Method 370.1
Total cyanide 50 Colorimetry SW-9012A

a Both unfiltered (total) and filtered (dissolved) water samples will be collected. Water samples will be filtered at the time of
collection to remove patrticles larger than 0.45 ym.

b. EPA SW-846 Method (EPA 1986, 31732) or equivalent
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TABLE 7.3.4-11
MINIMUM DETECTABLE ACTIVITY AND ANALYTICAL METHODS
FOR RADIONUCLIDES IN GROUNDWATER SAMPLES®
Half-Life Detected MDA Analytical
Analyte {yr) Emission (pCiL) Method
Am 432.2 o 0.05 o-Spectrometry
28py 87.7 o 0.05 o-Spectrometry
230,240 b 2.411 x 10* o 0.05 a-Spectrometry
®Sr 28.7 B 1.0 GPC
Tritium 12.3 B 250 LSC
Tritium (low level) 12.3 B 1 Electrolytic enrichment/GPC
2y 2.46 x 10° o 0.1 o-Spectrometry®
25 7.04 x 10° o 0.1 o-Spectrometry®
zaye 2.342 x 107 o 0.1 TIMS
238 4.47 x 10° o 0.1 a-Spectrometry®
Gamma spectroscopy N/A® Y 10' y-Spectroscopy
Gross-alpha N/A o 1.0 GPC orLSC
Gross-beta N/A B 1.0 GPC orLSC
Gross-gamma N/A Y 20 Nal(TI} or HPGe detection
a All water samples will be filtered at the time of collection to remove particles larger than 0.45 ym.
b. The #*Pu and ?*°Pu isotopes cannot be distinguished by alpha spectrometry. The half-life of 2°Pu is given.
c. Radionuclide may also be analyzed by ICPMS.
d. Water sampling for 2%U analysis should use clean protocols including EPA 1669 or United States Geological Survey 94-539
e. N/A = not applicable
f. The MDA for **’Cs is 15 pCi/L; the MDAs for other analytes will vary.

analyte list to verify the presence of longer-lived parent isotopes, but they are not evaluated as primary
radionuclides because they decay to unmeasurable concentrations within the span of several years or
less. The naturally occurring radionuclide “°K is present in Laboratory soils at concentrations ranging from
25 to 40 pCi/g and is always present in the gamma spectra of Laboratory soil samples. The K gamma
emission peak provides a qualitative indicator of the accuracy and precision of the gamma spectroscopy
measurement, but *K is not considered to be a potential contaminant. The required QC procedures and
acceptance criteria for the radiochemical analyses (except low-level tritium and 2%U) are found in the 1995
ER Project analytical services statement of work (LANL 1995, 49738) or the version that is current when
this work plan is implemented.

Groundwater samples will also be analyzed for the additional parameters listed in Table 7.3.4-12. To better
understand the nature of recharge to an aquifer, analysis for *C, *Cl, and stable isotope ratios
deuterium/hydrogen and '®0/*O will be performed to estimate the age of water and to help identify specific
sources of recharge. Analyses for *C and dissolved organic carbon (humic acids by fractionation analysis)
will be performed to provide a better understanding of the organic geochemistry of the groundwater.

The field measurements listed in Table 7.3.4-13 will be made at the time of sample collection.

Mortandad Canyon Work Plan

7-97

August 1999




Sampling and Analysis Plan

Chapter 7

TABLE7.3.4-12

ANALYTICAL METHODS FOR ADDITIONAL PARAMETERS IN GROUNDWATER SAMPLES®

Analyte

Analytical Method

Stable and Radiogenic Isotopes®

Carbon-14, Carbon-13

Accelerator MS

Deuterium/hydrogen Accelerator MS
Oxygen-18/oxygen-16 MS
Chilorine-36 MS

Organic Compounds
VOCs SW-8260°
SVOCs SW-8270

Other Analytes
Total organic carbon SW-415.1¢
Dissolved organic carbon (humic substances) USGS/WRI 79-4

Hardness (as CaCO,)

EPA Method 130

pooep

EPA 1983, 56406

All water samples will be filtered at the time of collection to remove particles larger than 0.45 ym.
Stable isotopes will be measured in intermediate-depth and regional aquifer groundwater samples.
EPA SW-846 Methods (EPA 1986, 31733)

TABLE7.3.4-13

FIELD MEASUREMENTS FOR GROUNDWATER SAMPLES

Measurement Precision® Method
Alkalinity +1 mg/L CaCO, EPA Method 310.1
Dissolved oxygen +0.1 mg/L LANL-ER-SOP-06.02"
pH +0.02 LANL-ER-SOP-06.02
Specific conductance 1 mmho/cm (1S/cm) LANL-ER-SOP-06.02
Temperature +1°C LANL-ER-SOP-06.02
Turbidity (nephelometric) +1 NTU EPA Method 180.1

b. LANL 1991, 21556

a Precision with which measurement will be recorded

7.3.4.3.2 Analysis of Borehole Core Samples

Borehole core samples collected according to the criteria outlined in Section 7.3.3.1.4 will undergo
analysis at ER Project-approved laboratories for the inorganic chemicals and radionuclides listed in Table
7.2.6-3 and Table 7.2.6-4. The purpose of the analyses is to identify COPCs and to obtain a better
understanding of the baseline geochemistry of the water-bearing zones. The target analytes, EDLs, and
analytical methods for inorganic chemicals are listed in Table 7.3.4-14. Measurements for inorganic
chemicals include analyses for 26 trace metals, major anions (bromide, chloride, fluoride, and sulfate), and
total cyanide. All analyses for inorganic chemicals will be performed according to EPA SW-846 protocols
(EPA 1986, 31732) or EPA standard methods for chemical analysis of wastes. Core samples will be
processed using EPA SW-846 mineral acid (HNO,) extraction procedures (EPA SW-846 Method
SW-3050 [EPA 1986, 31733]) for analysis of trace metals. The anion analyses will be performed on the
leachate formed from a deionized water slurry (leaching time is 16 hours) of the homogenized core
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samples. The required QC procedures and acceptance criteria for the metals and total cyanide analyses
are found in the 1995 ER Project analytical services statement of work (LANL 1995, 49738) or the version
that is current when this work plan is implemented.

TJABLE 7.3.4-14

ESTIMATED DETECTION LIMITS AND ANALYTICAL METHODS
FOR INORGANIC CHEMICALS IN BOREHOLE CORE SAMPLES

Analyte EDL (mg/kg) Analytical Method Analytical Protocol®
Metals
Aluminum 40 ICPES SW-6010B
Antimony 0.1 ICPMS SW-6020
Arsenic 2 ETVAA SW-7060A
Barium 40 ICPES SW-6010B
Beryllium 1 ICPES SwW-6010B
Cadmium 1 ICPMS SW-6020
Chromium 2 ICPES SW-6010B
Cobalt 10 ICPES SW-6010B
Copper 5 ICPES SW-6010B
Iron 20 ICPES SW-6010B
Lead 0.6 ETVAA or ICPMS SW-7421 or SW-6020
Manganese 3 ICPES SW-6010B
Mercury 0.1 CVAA SW-7471A
Nickel 8 ICPES SW-6010B
Selenium 1 ETVAA SW-7740
Silver 2 ICPES SW-6010B
Thallium 2 ICPMS SW-6020
Uranium 0.5 ICPMS SW-6020
Vanadium 10 ICPES SW-60108
Zinc 4 ICPES SW-6010B
Anions®
Bromide ‘ - 0.1 IC SW-9056
Chloride 0.1 IC SW-9056
Fluoride 0.02 IC SW-9056
Nitrate 0.1 iIC SW-9056
Sulfate 0.1 IC SW-9056
Other Inorganic Chemicals
Total cyanide 10.05 | Colorimetry SW-9012A

a EPA SW-846 Method (EPA 1986, 31732)
b. Anion analyses will be performed on the leachate formed from a deionized water slurry of the homogenized core sample.

Borehole core samples will also be analyzed for the properties identified in Table 7.3.4-15. The
geotechnical, geochemical, hydrologic, and geophysical analyses will be performed on selected core
samples based on the judgment of the field geologist and the technical team.
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TABLE 7.3.4-15

GEOTECHNICAL, GEOCHEMICAL, HYDROLOGIC, AND GEOPHYSICAL ANALYSES
OF BOREHOLE CORE SAMPLES

Analysis Analytical Method

Geotechnical analyses

Bulk density ASTM D 2937-94

Distribution coefficient (K,) ASTM D 4319-93

Moisture content ASTM D 2216-92

Particle size distribution ASTM D 422-63(90)

Porosity (calculated total) Calculated from bulk density and specific gravity measurements

Porosity (effective) ASTM D 425-88(94)

Specific gravity ASTM D 854-92
Geochemical analyses

Mineralogical composition X-ray diffraction, electron microprobe*

Hydrologic analyses

Moisture content ASTM D 2216-92
Moisture potential Pressure plate extractor (or other techniques)
Saturated hydraulic conductivity ASTM D 5084-90
Geophysical analyses
Lithological logging TBD
Natural gamma logging TBD
Neutron moisture logging 8D

*Geochemical analyses are described in the LANL-ER-SOP-09 series (LANL 1991, 21556).

7.3.4.4 Hydrologic and Geochemical Modeling

Hydrologic and geochemical modeling will be performed as part of data synthesis and evaluation activities.
A central goal of this work plan relates to an understanding and prediction of hydrologic flow paths and an
evaluation of geochemical reactions and the resultant movement of actinides, fission products, metals,
nitrates, and other solutes in Mortandad Canyon. Tools for this purpose include computer models, such
as MINTEQAZ2 (Allison et al. 1991, 49930) and others discussed in Section 5.3.1 of the core document
(LANL 1997, 55622).

Hydrologic modeling may be useful first to describe and verify water-balance estimates. More specifically,
the response of the hydrogeologic system to the hydrologic cycle and effluent releases will be addressed in
at least two phases. The first phase will consist of a water-balance study that will include records of historical
discharges and precipitation. The second phase will be simulation of the system by a groundwater flow and
transport code, such as Finite Element Heat and Mass. This may be followed by a third phase, in which
results of this process modeling will be checked by comparing them with those of an integrated,
probabilistic, mass-transfer-simulation code, such as Repository Integration Program. Models could also
include MODFLOW (being applied by New Mexico state personnel), a revised lumped-parameter model (for
example, Koenig and McLin circa 1993, 56029), and others. Movement in the alluvium may be modeled
using MODFLOW; unsaturated flow may be modeled using UNSATII, FEHM, or TRACR3D. The regional
aquifer will probably require development of a completely new model (Frenzel 1995, 56028).
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Hydrologic and geochemical modeling will be applied at all stages of this investigation. In the project
design phase, modeling can be used to examine hypotheses relating to the hydrogeologic components
of the conceptual model and to determine where additional information is needed. In later phases,
hydrologic and geochemical modeling can be used to refine the conceptual model and assess viable
techniques to remediate actinide-contaminated sediments and groundwater, as needed. Results of the
modeling efforts will provide source term inputs to stochastic human health and ecological risk models for
determining relative risks from water exposure pathways now and in the future.

As new data are acquired, they will be used continually to refine the hydrogeologic and geochemical
components of the conceptual model. For example, new data collected in Mortandad Canyon will be
compared with groundwater flow maps, water chemistry, and model predictions to assess the level of
understanding regarding recharge and discharge areas, groundwater flow directions, geochemical
reactions such as adsorption and mineral-solid phase precipitation and interconnections between alluvial
groundwater, intermediate perched zones, and the regional aquifer. if there is agreement between the
modeled features and the observed features in Mortandad Canyon, it will be possible to incorporate
reasonable assumptions into the groundwater and geochemical modeling effort. This type of analysis can
determine whether it is necessary to collect additional field data for the groundwater characterization.

Key steps in refining the Mortandad Canyon conceptual model are as follows.

1. Integrate available data for Mortandad Canyon geology, hydrology, and water
quality/geochemistry.

. Incorporate hydrologic, stratigraphic, geophysical, and chemical data for Mortandad
Canyon into a centralized database (FIMAD)

. Develop a three-dimensional representation of stratigraphy and geology for Mortandad
Canyon

. Model and display data related to geology, geochemistry, boreholes, and observed
groundwater

. Extrapolate existing data and estimate uncertainties in resultant models

. Synthesize the existing information to identify areas where data needs are most critical

2. Perform preliminary evaluation of hydrologic and geochemical processes for Mortandad Canyon.
. Evaluate existing water quality/geochemistry, vadose zone, and water level data for the

various zones of saturation with respect to trends and indications of interconnection

. Develop a canyon-specific model and evaluate data shortcomings with respect to
placement of wells for characterization

3. Refine the conceptual model and upgrade the groundwater monitoring network for Mortandad
Canyon.

. Drill boreholes for subsurface characterization at highest priority locations (that is, the
locations with highest risk and most critical data needs)
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) Use information as each borehole is drilled to optimize the placement and determine the
need for subsequent boreholes

7.4 Air-Particulate Sampling and Analysis Plan

This section describes the strategy for collecting suspended air particulates by siting air-particulate
sampling stations in reaches of Mortandad Canyon. This section also discusses the type of air-particulate
sampling equipment required to collect monthly samples in remote locations and the subsequent analysis
of the annual composited samples.

7.4.1 Objective

The obijective of air-particulate sampling in Mortandad Canyon is to provide information on the annual total
suspended particulate matter load, the inhalable and respirable particulate matter fractions (10 and 2.5 ym
in diameter) (PM10 and PM2.5), and the types and concentrations of contaminants bound to these
fractions. This information is necessary for evaluating risk from dust inhalation to individuals who use the
canyon in the scenarios evaluated for Mortandad Canyon.

Although substantial environmental surveillance data are available from the Laboratory’s Airnet monitoring
stations, these stations provide data for regulatory compliance and address total airborne emissions at the
Laboratory boundary, at occupied areas near the Laboratory, and at active operations areas. Although
isotopic analyses of composites of filters from these stations are available for some radionuclides, full-suite
analyses are not performed for radionuclides and inorganic chemicals. PM10 data have been collected at
some locations, but they have been analyzed only for quantity of suspended particulates in that size
fraction and not for specific associated contaminants.

The stations near Mortandad Canyon are all located on mesa tops, locations that are inadequate to
address risks to users within the canyon. Resuspension of contaminants will be a function of activities in
the canyon including human, vehicular, and animal traffic, activity, and patterns. No Airnet stations
currently monitor canyon dust resuspension. At best, EPA Particle Total Exposure Assessment
Methodology reports have concluded that air monitoring data, even when obtained near human activity,
underestimate concentrations of airborne particulates to which individuals are actually exposed. This
discrepancy is caused by human activity producing localized higher particulate concentrations than the
surrounding air.

To be useful for risk assessment, air monitoring data must be collected according to the following criteria.
. Data collected in the breathing zone of humans (5 to 7 ft [~2m)] above ground surface)

. Monitoring locations within the exposure area to ensure that resuspension resulting from local
wind patterns is being measured

. Determination of specific radionuclide and other contaminant profiles
) Measurement of PM10 (inhalable) and PM2.5 (respirable) fractions
This last point is a measure of deposition efficiency of contaminants by this exposure route. Toxicity is

linked to the ability of the contaminant to be taken into the body and to penetrate deep into the lungs or
other target tissues, which is a function of particle size. The smaller particles (2.5-um fraction) have the
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highest probability of penetrating deep into the lungs. Particles larger than 10 um are unlikely to enter
even the upper airways. Contaminant concentrations obtained only on total suspended particulates are
not interpretable for risk purposes because the percentage of the total that is likely to reach the target
organ cannot be determined.

Likewise, if the specific contaminants present on the particles are not known, the target tissue and
potential dose cannot be determined. For example, if only gross-gamma is measured, the counts may
reflect primarily “°K, known to be naturally occurring at significant concentrations (25 to 40 pCi/g) on the
Pajarito Plateau but not of concern for adverse health effects through inhalation. For particulates that
contain relatively insoluble contaminants, such as americium and plutonium, penetration deep into the
lungs results in long residence times and, therefore, significant radiation doses to lung tissue. For
particles that deposit in the upper airways and trachea (>2.5 um and <10 um) the possibility of dissolution
of contaminants and/or local or systemic penetration before clearance can still result in considerable
toxicity. Therefore, the objectives of air-particulate data collection are to determine the correlation of
particle size and contaminant concentration so that conclusions can be drawn with respect to toxicity and
deposition patterns.

7.4.2 Data Quality Objectives for Air-Particulate Sampling and Analysis

The results of the radiochemical analyses will be used in present-day risk assessment for evaluating risk
from inhalation of dust resuspended from the canyon floors during human activity related to risk exposure
scenarios.

7.4.3 Sampling Design

Because concentrations of radionuclides in air filters are expected to be low, a pilot study is currently
investigating the utility of microanalytical techniques such as u-proton induced x-ray emission (u-PIXE) to
correlate particular inorganic and radionuclide contaminants with specific particle sizes. Pilot data on a
sediment sample have indicated that the observed concentration of plutonium is consistent with the
standard analytical laboratory data on a larger sample volume and allowed localization of plutonium in that
sample to a particle of <3 um. However, isotopic information on plutonium and other radionuclides cannot
be determined with this technique. Generally toxicity does not depend on the specific isotope (mass
number) but rather on the radionuclide (atomic number); therefore, loss of this information should not
have a major impact on data use in risk assessment. In addition, it is likely that the isotopic ratios in
sediments for which data are available are approximately those in the airborne particulates because the
dust is derived from the sediments.

The approach to air-particulate sampling in Mortandad Canyon is to assess the relationship between actual
airborne particulate concentrations of contaminants and the particle-size distribution of contaminants on
sediments. This relationship will allow the development of a canyon-specific resuspension model that is
validated through air-particulate monitoring data. Mortandad Canyon is an appropriate place to establish
and validate such a model because it will continue to be a discharge point for the Laboratory beyond the
scheduled completion of the ER Project, it is heavily used by the public, and the inventory and number of
contaminants is high relative to other canyons.

7.4.4 Sampling Locations
Two air-particulate sampling stations are proposed for Mortandad Canyon‘as shown in Figure 7.4.4-1. One

station will be located near the sediment traps; the other station will be located at the boundary between the
Laboratory and San lidefonso Pueblo.
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Samples will be collected in reaches that are identified for sediment sampling to examine the relationships
between sediments and suspended particulates. Air sampler inlets will be sited to ensure that operational
specifications are met with respect to clearance above, below, and around the inlet port and that samplers
will be operated at a flow rate to ensure that manufacturer’s specifications for maintaining laminar flow
conditions are met. Stations generally require a minimum of 7 ft (2.1 m) in all directions from the inlet to be
free of obstruction because obstructions in the intake path or operation above or below recommended
flow rates can result in turbulence that disrupts the flow pattern.

7.4.5 Sampling Methods Requirements

Power requirements, potential for particulate contamination from diesel exhaust, and limitations of filters
make the use of high-volume samplers impracticable in Mortandad Canyon. Therefore, low-flow monitors
are anticipated to be the most useful and are proposed. Flow rates will be maintained near human
breathing rates of 2 to 5 liters per minute. Each monitoring station will be equipped with PM10 impactor
cartridges. Contaminants on the PM2.5 fraction will be determined by the filter analyses.

Samples will be collected continuously for a two-month period, although systems will be monitored at least
weekly. Pumps are equipped with a sample time monitor to assess equipment performance. Flow
controllers on the pumps will ensure that the systems are operated within manufacturer’s specifications for
the impactor to ensure laminar flow at the inlet ports. Initial samples will be collected during the spring to
coincide with the windiest period of the year. Units will be tested before that time to ensure that the run
times are sufficient to load the filters with enough material for analysis. Individual filters will be analyzed to
determine the correlation of contaminants with particle size fractions, and filters will be retained for bulk
analysis of composite samples for a one-year period. Depending on the results of the initial analysis,
sampling durations may be altered.

7.4.6 Analytical Methods Requirements

The ideal analytical technique for this approach would have low detection limits, have multielement
sensitivity, require small sample volumes, and provide information on particle sizes. Initial data from u-PIXE
analysis in the pilot project suggest that this method is a promising tool in these studies. The quantitation
limits are in the fg/particle range, and the analysis can be phased to begin with bulk analysis of the filter
with a broad beam width (10 um) to determine the approximate location of a particle of interest. The beam
can be progressively narrowed to isolate the particle and determine its size and composition. Because the
technique is nondestructive, samples can be retained for future composite analysis. Therefore, if
quantitation is not possible on the individual filter samples, qualitative information on particle size
distribution can still be used to improve estimates of toxicity in combination with the laboratory analyses of
the larger volume pooled samples. The anticipated costs for these combined techniques are calculated to
be less than collecting unfractionated samples, separating fractions by cascade impactors, and analyzing
each fraction. Filters will be analyzed for cesium, mercury, plutonium, strontium, uranium, and any other
contaminants identified in the reach sediment samples as being of concern for risk.

Composite air-particulate samples will be analyzed for radionuclides including %'Am, ¥’Cs, ®Sr, isotopes of
plutonium and uranium, mercury, and any other constituents identified through sediment analyses as
potentially important for risk concerns. The analytical methods are discussed in Section 7.2.6.3.
Particulate samples will undergo complete digestion before being analyzed for alpha and beta emitters.
Alpha emitters will be analyzed by radiochemical separation and alpha spectrometry; beta emitters will be
analyzed by gas proportional counter; gamma emitters will be analyzed by gamma spectroscopy. Because
alpha and gamma emitters are analyzed by a nondestructive technique, alpha spectrometry and gamma
spectroscopy will be performed first. .
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These analytical approaches will allow a quantitation through standard analytical procedures on the
composite filters. In addition, the u-PIXE analysis, if applied to this investigation, will allow investigators to
qualitatively determine the proportion of the contaminants suspended in air that are bound to
noninhalable, inhalable, or respirable fractions. By combining these methods, variables known to be
determinants of toxicity for inhaled materials can be addressed in the risk assessment, and a more precise
estimate of potential toxicity from this route of exposure can be provided to the public and regulators.
Because this route of exposure has been frequently raised as a major public concern, this level of analysis
is essential during this investigation.

7.5 Biological Sampling and Analysis Plan

This section presents the sampling and analysis plan for investigating the Mortandad Canyon ecosystem.
The biological investigation includes assessment of the risks from Laboratory-derived contaminants to
ecosystem receptors, which may be directly or indirectly exposed, and human receptors, who may be
exposed by consuming native plants or wildlife living in the canyon.

As discussed in the core document (LANL 1997, 55622), the approach for evaluating ecological risks is
currently being negotiated between NMED, DOE, the Laboratory ER Project, and EPA. A draft document
has been submitted to NMED and is being reviewed. Based on the results of this process, a sampling plan
for Mortandad Canyon will be developed to be consistent with that approach.

The iterative approach described in the core document will be followed to evaluate the contribution of biota
as a transfer pathway for contaminants from sediment and groundwater to receptor species including
humans. For both ecological risk assessment and evaluation of human health risks that result from the
distribution and transport of contaminants via biota, it will be necessary to develop transfer coefficients for
contaminants from sediments and water to biota. Use of specific plant and animal species and tissues by
American Indians is being defined through ongoing surveys. For those species identified as important for
the American Indian exposure scenarios, existing site-specific data will be used as the primary basis to
develop distributions for contaminant uptake. Additional data from peer-reviewed literature will be
incorporated as appropriate to bound transfer coefficients. Sediment and groundwater analytical data will
be evaluated using these distributions to derive plant and animal tissue concentrations. If sensitivity
analyses on risk evaluations indicate that the risk models are sensitive to remaining uncertainties in these
transfer coefficients, additional data will be obtained to address those uncertainties. Specific species,
tissues, and analytical techniques will be determined to ensure detection limits sufficient to reduce model
uncertainties.

Although some data are available on concentrations of some radionuclides in the tissues of plants and
animals found in the Mortandad Canyon system (as discussed in Section 3.9.4 in Chapter 3 of this work
plan) the data are incomplete with respect to human health and ecological risk assessment requirements.
Data collected in the studies described in this section will target data gaps. Specifically, data will be
collected on (1) species and tissues identified as important in American Indian land use scenarios; (2)
contaminants identified in sediments, surface water, and groundwater not previously evaluated (for
example, mercury and selected radionuclides); and (3) sensitive ecosystems such as wetlands that have
not been previously evaluated.

Transfer coefficients for biota-soil and biota-water can vary widely (as discussed in Section 3.9.4 in Chapter
3 of this work plan) depending on the characteristics of the soil, the species, and the growing conditions.

. Composition of the soil, organic matter, texture, mineralogy, and water (pH, dissolved
constituents, and trace metals)
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. Climatic conditions (light, precipitation, precipitation frequency, and rain splash)
. Mixture of contaminants (competition for uptake by competing ligands)

Exposure also depends on species and intended use, which varies among ingestion, dermal contact,
inhalation (of combustion products), and consumption of specific tissues. These parameters will be
examined using existing data to improve interpretation, reduce discrepancies and uncertainties to the
extent possible, and focus needs for new data on the discrepancies and uncertainties in those
parameters that are most sensitive to the risk assessment outcome.

7.5.1 Objective

The objective of the biological investigation in the Mortandad Canyon system is to assess the risk from
Laboratory-derived contaminants to human and ecosystem receptors. The objective will be achieved by
examining the three components of the Mortandad Canyon ecosystem summarized below.

. Ecosystem receptors (including selected species and biological communities) that are likely to be
affected by Laboratory-derived contaminants will be studied. The selected species include
threatened or endangered species or surrogates for these species if examination poses further
threat. The biological communities to be studied represent broad units of the ecosystem and
include the aquatic, soil, plant, and animal communities.

. Wetlands, which are a critical regulated environment, will be included in the biological
investigation. Wetlands are sensitive habitats for many species, and their evaluation is integral with
the aquatic community evaluation.

. The potential risk from Laboratory-derived contaminants in plants and animals that are either part
of the diet of or used in American Indian tribal ceremonies will be assessed. In addition, plant -
species likely to be incidentally consumed by casual or recreational users of the canyon will be
investigated.

The first two objectives described above will be addressed by the Laboratory-wide ecological risk
investigations. The third objective will be addressed as part of this investigation, and the data will support
human health risk for the American Indian use scenarios. These data will also be used as a source for
future site-wide ecological risk investigations. The appropriate level of detail for ecological risk
assessments has not yet been determined.

7.5.2 Data Quality Objectives for Biological Sampling and Analysis

This section briefly describes the data quality objectives process (EPA 1994, 50288) as completed for the
investigation of biological system contributors to human health and ecological risk.

1. State the problem.

Contaminants in the Mortandad Canyon system may result in direct and indirect exposure to
ecological receptors and humans who use garden produce, native plants, or native wildiife that
live in the system.

2. Identify the decision(s).

The data for this investigation are being collected to provide site-specific values for a variety of
parameters used in models for human health and ecological risk. Risk estimates will form the basis
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for decisions regarding future sampling and analysis, corrective actions, and negotiations with
. stakeholders.

3. Identify inputs to decision(s).
From radiation survey
° Gross-alpha, -beta, and -gamma readings at selected locations
. Field gamma spectroscopy at selected locations
From sediment and water analyses

. Contaminant concentrations and distributions as the basis for identifying locations for
sampling biota

From American Indian stakeholders

. Preferred locations for collecting native plant species
® Likely period and location of livestock grazing in the canyon system
. Identification of biota of importance

From this study

. Concentrations of COPCs in biota of importance
4, Define the study boundaries.
. Spatial

Plant samples will be collected from locations that span the range of contaminant
concentrations found in sediment samples. In addition, samples will be collected at
locations identified as important biota sources by stakeholders.

. Temporal
- Field Investigations
Biota samples will be collected during the same field season as sediment samples
to ensure that seasonal effects on contaminant concentrations do not
compromise the source data. If additional biota samples are required to reduce
uncertainties, soil samples will be collected at the same time.

- Interpretive Study

Interpretation and assessment of existing and new data are expected to require
approximately one year after the data have been collected.
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5. Develop a decision rule.

The data will be acceptable unless errors in the sampling process or analytical procedures are
identified during data validation. Site-specific values from this and previous investigations will be
given preferential weighting for risk assessment inputs. Data from peer-reviewed literature will be
incorporated, as necessary, if applicable to reduce model uncertainties.

6. Specify limits or uncertainty.

Based on reported uptake of plutonium by vegetation in Los Alamos Canyon, Pueblo Canyon,
and Mortandad Canyon (White and Hakonson 1979, 11995; White et al. 1981, 11994) a standard
deviation of 100 to 200% is to be expected in the native plant data. if the concentrations and
distributions of data collected in the first field season on parameters that contribute significantly to
risk are highly variable, additional data may be collected to reduce uncertainty in the key
parameters (such as those for which reducing uncertainty could clarify or alter a remediation
decision).

7.5.3 Technical Approach

Tentatively, to evaluate ecological risks, an assessment endpoint evaluation strategy will be used as
described in Section 6.5.3 in Chapter 6 of the work plan for Los Alamos Canyon and Pueblo Canyon
(LANL 1995, 50290). An assessment endpoint consists of two parts: the potential receptor of the
contaminant and a criterion for unacceptable risk to the receptor. The measurement endpoint is the
parameter that will be used to determine the risk due to contamination. The proposed assessment
endpoints, including the potential receptors and corresponding measurement endpoints, are listed in
Table 7.5.3-1 for each of the three components described in Section 7.5.1. The following sections
describe the approach to evaluating each component of the ecosystem assessment.

7.5.3.1 Assessment of Ecosystem Receptors

Sample collection and analysis to evaluate exposure to ecological risk receptors will not be proposed until
the assessment endpoints and their exposure units have been agreed upon. Negotiations are underway
between the Laboratory, DOE, EPA, NMED, and the Accord Pueblos to define the assessment
endpoints, exposure units, exposure models, and risk models. In addition, Laboratory personnel have
worked with the Accord Pueblos to help define appropriate risk scenarios for the American Indian
population near Mortandad Canyon. When an agreement has been reached, a preliminary assessment
using available data will be conducted to assess uncertainties and identify sensitive parameters in the
models. The sampling and analysis plan will focus on collecting data for the most sensitive and uncertain
parameters identified for the ecological risk assessment.

Biological sampling to support ecological risk assessment is not appropriate at this time. Although the
exposure units for ecological receptors may closely resemble the Mortandad Canyon boundaries
described in Chapter 3 of this work plan, additional areas need to be considered when designing sampling
and analysis plans. For example, it is unlikely that Mortandad Canyon contains discrete wildlife populations
that would define a single exposure unit. Therefore, the appropriate criteria for risk assessment of
biological communities may require examining areas that extend beyond Mortandad Canyon. In some
cases, evaluating the entire Pajarito Plateau canyon system may be necessary to support appropriate
ecosystem risk assessments.
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TABLE 7.5.3-1

PROPOSED BIOLOGICAL

ASSESSMENT ENDPOINTS

Receptor

Measurement Endpoints

Rationale for Selection

Ecosystem Receptors: Threatened and Endangered Species

Jemez Chemical uptake or measured adverse | Indicator of impacts to moist, mixed-conifer habitats;

Mountains effects on related salamander species | sensitive to remediation-caused disturbances; effects of

salamander contaminants on amphibians are poorly understood

Peregrine Biomarker response in Cooper's hawks | Species with a history of contaminant-induced population

falcon and/or juvenile falcons, measured impacts; sensitive to remediation-caused disturbances;
reproductive success rates, chemical | substantial population data are available for Cooper's
concentrations in prey species hawks

Mexican Concentration in cast pellets and/or Species potentially affected by COPCs in small

spotted owl prey, biomarker response in juvenile mammals; sensitive to remediation-caused disturbances
owls

Meadow Biomarker response in this or a Species is an indicator of COPC effects in small

jumping surrogate species, measurement of mammals; sensitive to remediation-caused disturbance

mouse population characteristics effects

Spotted bat

Biomarker response in this or a
surrogate species of bats

Species is sensitive to remediation-caused
disturbances; effects of contaminants on bats are poorly
understood

Ecosystem Receptors: Communities

biomarker responses of small
mammals (pocket gophers) and
western bluebirds

Aquatic Benthic invertebrate community A sensitive community that integrates and may expose
community structure, chemical water quality many species to many sources of contaminants;
criteria, frog embryo teratogenesis community measures may detect changes in species
assay interactions that are not detectable with single-species
approaches; makes use of available data
Soil Biomarker response in soil organisms | Effects on these organisms indicate ecosystem-level
community (microbes and/or earthworms in field or | effects on soil productivity; soil communities are key
laboratory bioassays), decomposition | processors of energy and nutrients in ecosystems; soil
rates organisms are part of ecological exposure pathways
Plant Community diversity indices, Community indices may detect ecosystem effects not
community concentrations in plant tissues detectable from single-species approaches and also
make use of available data; contaminant concentrations
in plants are needed for exposure assessments
(ecotoxicological and human)
Animal Bird community diversity indices, Bird community measures are relatively inexpensive and
community concentrations in animal tissues, may detect changes in species interactions that are not

detected with a single-species approach; pocket
gophers and bluebirds have relatively high sediment
ingestion rates, represent pathways to other ecological
receptors, and they are easily sampled; their population
dynamics are easily studied; makes use of available data

Regulated Environment

Wetlands Benthic invertebrate community A sensitive habitat (many species use wetlands for part
structure, chemical water quality of their life cycle) that integrates many sources of
criteria, frog embryo teratogenesis contaminants and may expose many species to them;
assay evaluation is integral with aquatic community evaluation

Garden Concentrations of COPCs in washed Part of human exposure pathway; required for human

produce and unwashed produce health risk assessment

Elk/deer Concentrations in tissues Part of human exposure pathway and part of animal

population community ecological risk assessment
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JABLE 7.5.3-1 (continued)
PROPOSED BIOLOGICAL ASSESSMENT ENDPOINTS

Receptor Measurement Endpoints | Rationale for Selection
Biological System Contributors to Human Health Risk

Small game Concentrations in tissues, biomarker | Part of human exposure pathway and part of animal
populations responses, population characteristics | community ecological risk assessment

Avian Concentrations in tissues, biomarker Potential human consumption and other use of tissues or
population responses, population characteristics | eggs

Native plants | Concentrations in tissues, biomarker Consumption for dietary or medicinal purposes;
responses, population characteristics | inhalation of combustion products during medicinal or
ceremonial uses, food preparation, or heating

The investigations of sediment, groundwater, and air particulates that are proposed in the preceding
sections of this chapter will provide important data for the ecological risk assessment. For example,
hydrogeologic and geomorphic units are natural sources of environmental heterogeneity within exposure
units, and they may form natural boundaries between some exposure units. Therefore, mapping and
characterizing heterogeneous units will provide essential data to ecological exposure assessments.

7.5.3.2 Wetlands Investigation

Wetlands are associated with outfalls in Effluent Canyon and Mortandad Canyon. The Laboratory
Environmental Assessments and Resource Evaluations group (ESH-20) is preparing an inventory of
wetlands as part of an ongoing survey of the canyons of the Pajarito Plateau. Until the wetlands inventory
is completed, discrete sampling during the initial stages of the investigation will be limited.

The biological evaluation of wetlands will be performed in collaboration with a US Fish and Wildlife Service
investigation of water quality in the canyon system of the Pajarito Plateau. Sediment and water sampling of
wetlands will be deferred to the Fish and Wildlife Service investigation, although sediment and surface
water samples collected in the concurrent investigations described in this chapter will be used to plan
future sampling efforts.

7.5.3.3 Biological System Contributors to Human Health Risk

Exposure routes for assessing human health risk include the ingestion of fish, wildlife, native plants, and
domesticated plants (see Section 4.2 in Chapter 4 of this work plan). American Indian populations also
gather wild edible plants and other plants used for ceremonial purposes. Sampling in Mortandad Canyon
is proposed to determine whether native plants and domestic livestock are significant pathways for human
exposure.

The Indian Pueblo representatives will be consulted to define significant species routinely gathered in the
canyons. From these, three species will be selected for sampling from each of the pifion-juniper and
ponderosa pine plant communities in the Mortandad Canyon system. Because of the ceremonial
significance of some of these species, sampling will be conducted by Accord Pueblo representatives and
exact sampling locations may not be disclosed. Two samples of each species will be collected from each
reach in the plant communities in which they occur. Therefore, the maximum number of native plant
samples will be six times the number of reaches. The plants will be analyzed for the limited suite of COPCs.
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Two samples of livestock forage will be collected from each reach that has been sampled during the
sediment investigation and is considered suitable for grazing. The suitability of a reach for livestock
grazing will be determined by consulting with stakeholders. Sampling will occur during periods identified
by American Indian stakeholders as likely grazing periods. The livestock forage samples will be analyzed
for the limited suite of COPCs.

Cores of mature pines suitable for firewood will be analyzed for radionuclides. Autoradiography will be
used to determine whether contaminants are localized in specific growth rings such that significant human
health risks may result from inhalation of combustion products. Bulk analysis might underestimate actual
exposure to localized high contaminant concentrations.

7.5.3.4 Investigation-Derived Waste Characterization and Disposal

The characterization and disposal of investigation derived waste (IDW) is done on a fieldwork-specific basis
and follows the ER Project Consistency Team policy, Memorandum PCT-95-025, “Management of
Investigation Derived Waste” (Environmental Restoration Project 1995, 51962). In addition, before
performing specific fieldwork that generates waste, a Waste Characterization Strategy Form is completed
and submitted to the Laboratory’s Solid Waste Operations Group (EM-SWO) for approval. This form
describes the specific activity that generates the waste, acceptable knowledge, waste description, waste
characterization, and waste disposal strategy.
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