











bt e bk e ek e b ek ek ek e e e e e

— NN

MS-0701
MS-0735
MS-0735
MS-0735
MS-0750
MS-0372
MS-0718
MS-1089
MS-1089
MS-0778
MS-1042
MS-1042
MS-1042
MS-0184
MS-0184
MS-1089

MS-9018
MS-0899

Distribution

P. Davies, 6700

J. Merson, 6310

R. Finley, 6313

C. Ho, 6313

G. Elbring, 6314

J. Peace, 1525

D. Miller, 6765

T. Goering, 6765

P. Freshour, 6765

B. Arnold, 6781

M. Miller, 10333
Franz Lauffer, 10333
Sue Hwang, 10331

J. Gould, DOE/SSO
J. Estrada, DOE/SSO
Krishan Wahi (GRAM, Inc.), 6765

Central Technical Files, 8944-2
Technical Library, 4536

Zimmerman Library, Government Reading Room, UNM

87



Volume |
TAB5

Notice of Public Comment Period for Mixed Waste Landfill

Corrective Measures Implementation Work Plan, November 2005

(Including Fate and Transport Model)

From: NMED/Kieling
To: Interested Citizen




Back of Tab 5



State of New Mexico
ENVIRONMENT DEPARTMENT
Hazardous Waste Bureau
2905 Rodeo Park Drive East, Building 1
Santa Fe, New Mexico 87505-6303
Telephone (505) 428-2500

Fax (505) 428-2567
BILL RICHARDSON RON CURRY
GOVERNOR www.nmenv.state.nm. us SECRETARY
DERRITH WATCHMAN-MOORE
DEPUTY SECRETARY

December 9, 2005

SUBJECT: NOTICE OF PUBLIC COMMENT PERIOD FOR SANDIA NATIONAL
LABORATORIES’ MIXED WASTE LANDFILL CORRECTIVE MEASURES
IMPLEMENTATION WORK PLAN (INCLUDING FATE AND TRANSPORT
MODEL)

Dear Interested Citizen:

Enclosed is a Public Notice regarding the U. S. Department of Energy (DOE)/Sandia Corporation’s
(Permittees) Corrective Measures Implementation (CMI) Work Plan for the Sandia National
Laboratories (SNL) Mixed Waste Landfill (MWL). The CMI Work Plan includes the results of a fate
and transport model that predicts the future movement of contaminants at the MWL.

The DOE is owner, and with Sandia Corporation, co-operator of SNL. The Permittees are located at
the following addresses: SNL, 1515 Eubank SE, Albuquerque, NM, 87123; and NNSA/DOE, Sandia
Site Office, KAFB-East, Pennsylvania & H Street, Albuquerque, NM 87116.

The enclosed Public Notice provides locations where the CMI Work Plan and the associated fate and
transport model may be reviewed by any member of the public. Comments on the CMI will be
received through 5:00 p.m. on February 7, 2006.

Any person seeking additional information may contact:

Mr. William Moats Mr. John E. Kieling

New Mexico Environment Department Program Manager

C/O Sandia National Laboratories New Mexico Environment Department
.P. O. Box 5800/MS 1089 Hazardous Waste Bureau
Albuquerque, NM 87185 2905 Rodeo Park Dr. East, Bldg 1
E-mail: wpmoats@sandia.gov Santa Fe, NM 87505

Telephone: (505) 284-5086 E-mail: john kieling@state.nm.us

Fax: (505) 284-2616

Sincerely,

LA
ohn E. Kieling

Manager
Permits Management Program




State of New Mexico
ENVIRONMENT DEPARTMENT
Hazardous Waste Bureau
2905 Rodeo Park Drive East, Building 1 A

Santa Fe, New Mexico 87505-6303 ‘(_)’
Telephone (505) 428-2500
Fax (505) 428-2567 RON CURRY

BILL RICHARDSON www.nmenv.state.nm.us SECRETARY
GOVERNOR

ata
\)

DERRITH WATCHMAN-MOORE
DEPUTY SECRETARY

PUBLIC NOTICE NO. 05-18

NEW MEXICO ENVIRONMENT DEPARTMENT
HAZARDOUS WASTE BUREAU
SANTA FE, NEW MEXICO
December 9, 2005

NOTICE OF PUBLIC COMMENT PERIOD
FOR SANDIA NATIONAL LABORATORIES MIXED WASTE LANDFILL CORRECTIVE
MEASURES IMPLEMENTATION WORK PLAN
(INCLUDING FATE AND TRANSPORT MODEL)

The federal Resource Conservation and Recovery Act (RCRA), 42 U.S.C. 88 6901 to 6992(k), provides
for the regulation of hazardous waste. Congress waived the immunity of the United States for actions
brought under state hazardous and solid waste laws as well as under RCRA. Pursuant to Section 3006 of
RCRA, 42 U.S.C § 6926, the U.S. Environmental Protection Agency (EPA) delegated to the New Mexico
Environment Department (NMED), on April 16, 1985 by delegation numbers 8-31 and 8-32, the authority
to enforce the Hazardous Waste Act (HWA) and its implementing regulations, the New Mexico
Hazardous Waste Management Regulations (HWMR), 20.4.1 NMAC, in lieu of EPA enforcement
through RCRA. NMED has maintained its delegation from EPA over hazardous waste management in
New Mexico and from time to time has amended its state program to conform to statutory or regulatory
changes in RCRA. The HWMR require corrective action at solid waste management units (SWMUSs)
where releases of hazardous waste or hazardous constituents have or may have occurred.

The U. S. Department of Energy, owner and operator, and Sandia Corporation, co-operator, (hereinafter
referred to as the Permitees) have been issued a RCRA Permit for the Sandia National Laboratories (SNL)
Facility, located in Bernalillo County, New Mexico, EPA ID# NM5890110518. The Permittees must
comply with the HWA, the HWMR, and the SNL RCRA Permit and must conduct corrective action as
necessary to protect human health and the environment.

On May 26, 2005, the NMED Secretary approved a final permit and ordered a final remedy for SNL’s
Mixed Waste Landfill. As part of these actions, the Permittees were required to submit to the NMED a
Corrective Measures Implementation (CMI) Work Plan, which is to include a fate and transport model
predicting the future movement of contaminants. The CMI Work Plan was submitted to the NMED on
November 3, 2005 and includes a fate and transport model. Pursuant to the Secretary’s order, the NMED
is seeking public comment on the CMI Work Plan prior to making a final decision on whether to approve
the plan.
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LOCATION OF THE SNL FACILTY AND THE MWL

The Permittees are located at the following addresses: SNL, 1515 Eubank SE, Albuquerque, NM, 87123;
and NNSA/DOE, Sandia Site Office, KAFB-East, Pennsylvania & H Street, Albuquerque, NM 87116.
The Permittee’s primary contact for this action is Mr. John Gould, NNSA/Sandia Site Office, DOE, at
P.O. Box 5400, Albuquerque, NM 87185.

SNL is located within the boundaries of Kirtland Air Force Base (KAFB), south of Albuquerque in
Bernalillo County, New Mexico. KAFB occupies 52,233 acres. SNL research and administration
facilities occupy 2,842 acres and are divided into five Technical Areas (TAs), (designated 1 through 5)
and several test areas. TA-1, TA-2, and TA-4 are separate research facilities in the north-central portion
of KAFB. TA-3 and TA-5 are contiguous research facilities forming a 4.5-square-mile rectangular area in
the southwestern portion of KAFB. TA-3 alone encompasses 2,000 acres.

The Mixed Waste Landfill (MWL) is located approximately 5 miles southeast of the Albuquerque
International Sunport and 4 miles south of TA-1. The landfill occupies 2.6 acres in the north-central
portion of TA-3.

FACILITY OPERATIONS

SNL, in operation since 1945, is engaged in research and development of conventional and nuclear
weapons, alternative energy sources, and a wide variety of national security related research and
development. As a result of these activities, SNL has generated hazardous, radioactive, mixed (those
wastes containing both hazardous and radioactive components), and solid wastes. From 1945 to 1988
most of these wastes were disposed of at SNL at numerous locations, which have been classified by the
NMED as Solid Waste Management Units (SWMUS) or Areas of Concern (AOCs). The SWMUs and
AOCs include unpermitted landfills, septic-system drainfields and seepage pits, outfalls, waste piles, and
test areas. Past waste management activities at SNL have caused the release of hazardous and radioactive
contaminants into the environment. The Mixed Waste Landfill is classified as SWMU 76.

DESCRIPTION AND HISTORY OF THE MIXED WASTE LANDFILL

The MWL was opened as the “TA-3 low-level radioactive waste dump” in March 1959. The MWL
accepted low-level radioactive waste and mixed waste from SNL research facilities and off-site generators
from March 1959 to December 1988. Approximately 100,000 cubic feet of radioactive waste containing
6,300 curies (Ci) of activity (at the time of disposal) were disposed of at the MWL in unlined trenches
and pits.

Investigations at the landfill indicate that tritium is the primary contaminant that has been released from
the landfill. Results of a risk assessment prepared by the Permittees indicate that releases of contaminants
from the MWL pose little risk to human health or the environment under an industrial land use scenario.
Tritium activities at the MWL will decrease steadily with time due to its relatively short half-life of 12.3
years. Because of tritium's short half-life and in consideration of current activity levels, the NMED does
not believe that tritium releases at the MWL pose a threat to groundwater, human health, or the
environment.
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REGULATORY BACKGROUND

NMED issued a RCRA Permit for storage of hazardous waste at SNL on August 6, 1992. On February 6,
2002, the Permittees applied to the NMED to renew their RCRA permit (the current Permit remains in
effect until a final decision is made on the renewal request). On October 11, 2001, the NMED directed
the Permittees to conduct a Corrective Measures Study (CMS) for the MWL because of concerns raised
by the public. The CMS Work Plan was approved with conditions by the NMED on October 10, 2002.

After approval of the CMS Work Plan, the CMS was conducted by the Permittees to identify, develop,
and evaluate corrective measures alternatives and to recommend a final remedy to be taken at the MWL.
The results of the CMS were documented in a CMS Report following completion of the study; the report
was transmitted to the NMED on May 21, 2003. The CMS Report was deemed complete by the NMED
on January 5, 2004.

On January 23, 2004, the Permittees proposed a Class 3 modification of the SNL RCRA Permit,
requesting that the NMED select a final remedy for the MWL. As part of a 60-day public notice and
comment period initiated by the Permittees, a public meeting was held on February 26, 2004 in
Albuquerque, New Mexico. Following completion of the Permittees public comment period, the NMED
issued a public notice and began a public comment period starting August 11, 2004.

A public hearing on the selection of a final remedy for the MWL was held on December 2-3 and 8-9,
2005 in Albuquerque. The NMED public comment period was held from August 11, 2004 to December
2, 2004, and extended until December 9, 2004. Based on the administrative record and the Hearing
Officer’s Report, on May 26, 2005, the NMED Secretary approved a final permit and ordered a final
remedy for SNL’s Mixed Waste Landfill, selecting a vegetative soil cover with bio-intrusion barrier as
the final remedy. In addition to selection of the final remedy, the final permit decision requires, among
other deliverables, a CMI Work Plan. The CMI Work Plan must address the following:

a. A description of the selected remedy;

b. A description of the remediation system objectives;

c. An identification and description of the qualifications of key persons, consultants, and
contractors that will be implementing the remedy;

d. Detailed engineering design drawings and systems specifications for all elements of the
remedy;

e. A construction and construction quality assurance work plan;

f.  An operation and maintenance plan;

g. The results of any remedy pilot tests, such as landfill cover test plots;

h. A schedule for submission to the Administrative Authority of periodic progress reports;

i. A schedule for implementation of the remedy;

J- A health and safety plan;

k. A comprehensive fate and transport model that studies and predicts future movement of
contaminants in the landfill and whether they will eventually move further down the vadose
zone and/or to groundwater; and

I. Triggers for future action that identify and detail specific monitoring results that will require

additional testing or the implementation of an additional or different remedy.

The Secretary’s order requires that the NMED review, consider and respond to public comments prior to
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approving certain documents related to the MWL, including the CMI Work Plan. The purpose of this
public notice is for the NMED to solicit such public comment on the CMI Work Plan, including the fate
and transport model.

PUBLIC REVIEW OF THE CORRECTIVE MEASURES WORK PLAN

The CMI Work Plan (including the fate and transport model) may be reviewed by any member of the
public at the following locations during the public comment period:

NMED - Hazardous Waste Bureau NMED-District 1 Albuquerque Office

2905 Rodeo Park Drive East, Building 1 5500 San Antonio NE

Santa Fe, New Mexico 87505-6303 Albuquerque, New Mexico 87109

(505) 428-2500 (505) 222-9500

Monday - Friday from 8:00 a.m. to 5:00 p.m. Monday - Friday from 8:00 a.m. to 5:00 p.m.

The CMI Work Plan, including the fate and transport model (as Appendix E), are also available
electronically on the NMED website at: http://www.nmenv.state.nm.us/HWB/snlperm.html

under Mixed Waste Landfill. A separate report, SAND 2005-6888, entitled Probabilistic Performance-
Assessment Modeling of the Mixed Waste Landfill at Sandia National Laboratories” is also included on
the web page and contains much of the same information as that in Appendix E of the CMI Work Plan.
Although the SAND 2005-6888 report is included on the web page for convenience, the NMED is only
seeking public comment on the CMI Work Plan, including Appendix E and all of the other appendices.

To obtain a copy of the CMI Work Plan or a portion thereof, in addition to further information, please
contact Ms. Pam Allen at (505) 428-2500, or at the Santa Fe address given above. NMED will provide
copies, or portions thereof, at a charge to the requester.

NMED issues this public notice on December 9, 2005, to announce the beginning of a 60-day comment
period that will end at 5:00 p.m., February 7, 2006. Any person who wishes to comment should submit
written or electronic mail (e-mail) comment(s) with the commenter’s name and address to the respective
address below. Only comments received on or before 5:00 p.m., February 7, 2006 will be considered.

John E. Kieling, Program Manager

Hazardous Waste Bureau - New Mexico Environment Department
2905 Rodeo Park Drive East, Building 1

Santa Fe, NM 87505-6303

Ref: Sandia National Laboratories — MWL CMI Work Plan
E-mail: john.kieling@state.nm.us

Written comments must be based on the MWL CMI Work Plan (including the fate and transport model).

The NMED must ensure that the approved CMI Work Plan will be consistent with the New Mexico
Hazardous Waste Management Regulations. All written comments submitted will become part of the
administrative record, will be considered in formulating a final decision, and may cause the CMI Work
Plan to be modified. NMED will respond in writing to all significant public comment. The response will
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specify which provisions, if any, of the CMI Work Plan have been changed in the final decision, and the
reasons for the change. This response will also be posted on the NMED website in addition to NMED
notifying all persons providing written comments.

After consideration of all written public comments received, NMED will approve, or approve with
modifications the CMI Work Plan. If NMED modifies the CMI Work Plan, the Permittees shall be
provided by mail a copy of the modified CMI Work Plan and a detailed written statement of reasons for
the modifications. The NMED will make the final decision publicly available and shall notify the
Permittees by certified mail. All persons on the mailing list, or that provided written comments, or who
requested notification in writing, will be notified of the final decision by mail.

The final decision will become effective immediately upon service of the decision to the Permittees, unless a
later date is specified.

ARRANGEMENTS FOR PERSONS WITH DISABILITIES

Any person with a disability requiring assistance or auxiliary aid to participate in this process should
contact Judy Bentley by 10 days prior to the end of the public comment period at the following address:
New Mexico Environment Department, Room N-4030, P.O. Box 26110, 1190 St. Francis Drive, Santa
Fe, New Mexico 87502-6110, (505) 827-9872. TDD or TDY users please access Ms. Bentley’s number
via the New Mexico Relay Network at 1-800-659-8331.
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Corrective Measures Implementation Plan, November 2005

From: SNL/Wagner
To: NMED/Bearzi
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M 7. v National Nuclear Security Administration
;ﬁ, Sandia Site Office

R mrmmmaesac-mnw mmmn P.O. Box 5400

Albuquerque, New Mexico 87185-5400

APR 2 4 x5

CERTIFIED MAIL — RETURN RECEIPT REQUESTED

Mr. James Bearzi, Chief RECEIVED
Hazardous Waste Bureau

New Mexico Environment Department :

2905 Rodeo Park Rd. East, Building 1 e NMED Hazc:rdous
Santa Fe, NM 87505 . Waste Bureay

Dear Mr. Bearzi:

On behalf of the Department of Energy (DOE) and Sandia Corporation (Sandia), DOE is
submitting responses to public comments received by the New Mexico Environment Department
(NMED) regarding the Mixed Waste Landfill (MWL) Corrective Measures Implementation
(CMI) Plan. The public comments on the MWL CMI Plan were submitted to NMED during the
60-day public comment period, which ended on February 7, 2006. These responses to the pubhc
comments were informally requested by NMED on February 28,2006.

Enclosed please find two documents containing our response. Enclosure 1, entitled "SNL
Responses to Public Comments on the Mixed Waste Landfill Corrective Measures
Implementation Plan", briefly summarizes the various public comments, and provides Sandia’s
responses. Enclosure 2, entitled "SNL Responses to Citizen Action Comments", includes more
detailed responses to the fairly extensive comments submitted by Citizen Action.

If you have any questions, please contact me at (505)845-6036 or John Gould, (505) 845-6089,
of my staff.

Sincerely,

Kol dy (D
Patty Wagner ‘»th’L

Manager

Enclosures (2)

cc w/enclosures:
W. Moats, NMED (Via Certified Mail)

L. King, EPA, Region 6 (Via Certified Mail)
J. Volkerding, NMED-OB




James Bearzi (2)

cc w/o enclosures:

M. Martin, NNSA/NA-56

A. Blumberg, SNL/NM,, Org. 11100, MS 0141
F. Nimick, SNL/NM, Org. 6140, MS 1089
P. Freshour, SNI/NM, Org. 6140, MS 1089
R. E. Fate, SNL/NM, Org. 6147, MS 1089
J. Peace, SNL/NM, Org. 1525, MS 0372

T. Goering, SNL/NM, Org. 6147, MS 1089
M. J. Davis, SNI/NM, Org. 6147, MS 1089
R. Finley, SNL/NM, Org. 6115, MS 0735
C. Ho, SNL/NM, Org. 6115, MS 0735

J. Estrada, NNSA/SSO, MS 0184




AOP 95-45, 06

CERTIFICATION STATEMENT FOR APPROVAL AND
FINAL RELEASE OF DOCUMENTS

Document title: SNL Responses to Public Comments and Citizen Action
- Comments on the Mixed Waste Landfill Corrective Measures
Implementation Plan, April 2006

Document authors: Cliff Ho, Dept. 6115 and Tim Goering, Dept. 6147

| certify under penalty of law that this document and all attachments were prepared under my
direction or supervision according to a system designed to ensure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. | am aware that there are significant penalties for submitting false information,
including the possibility of fine or imprisonment for knowing violations. :

Signature: OJ\S\.@ @Jw—— 41[ 2ol 66

Peter B. Davies

Director - Date
Geoscience & Environment Center

Division 6100 ,

Sandia National Laboratories/New Mexico -

Albuquerque, New Mexmo 87185

Operator .

and

Signature: .,{MA VAA/I a@ fzy[ Z ,Q&

Patty Wagner |

Manager

U.S. Department of Energy

National Nuclear Security Admlnlstratlon
Sandia Site Office

Owner and Co-Operator




SNL RESPONSE TO PUBLIC COMMENTS
AND CITIZEN ACTION COMMENTS
ON THE
MIXED WASTE LANDFILL
CORRECTIVE MEASURES IMPLEMENTATION PLAN

April 20, 2006

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy’s National Nuclear Security
Administration under Contract DE-AC04-94AL85000.
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

inhibit clay swelling. Because of the properties of CMC, it was expected to be easily
flushed from the borehole during well development.

Data on the construction of all MWL monitoring wells are summarized in Table 1. Well
MW4 was drilled by the sonic resonance method (SNL, 12/07/1992), with the
introduction of potable water during well installation (Goering, 07/17/2006). For wells
installed using the ARCH method (MW1, MWS5, and MW6), only air and potable water
were introduced during installation (Ecology and Environment, 12/1989; SNL,
12/07/2000; and SNL, 10/19/2000). However, according to field notes, small quantities
of sodium-bentonite grout infiltrated into the filter pack and well screen of MWS5 during
construction of this particular well.

Compared to the variability of regional background water quality in the low-TDS
hydrochemical facies, minor hydrochemical differences exist in the relative
concentrations of major ions between groundwater from the AF facies and that of the
underlying ARG Faces. Stiff diagrams are commonly used as a means for the rapid
comparison of the abundance of major ions between groundwater samples due to their
distinctive graphical shapes. Figure 1 represents groundwater data from a sampling event
conducted in April 2001 at the MWL. It shows that ARG Facies groundwater has
relatively higher concentrations of magnesium (Mg), calcium (Ca), sodium (Na) plus
potassium (K), alkalinity (bicarbonate and carbonate), and chloride (Cl) compared to
groundwater from the AF Facies. Overall, groundwater from both facies is similar, as
shown by a Piper trilinear diagram of major ion chemistry of groundwater samples from
all MWL monitoring wells (Figure 2; Goering et al., 12/2002). Piper diagrams are useful
for comparing water samples based on their proportions of major ions, and are especially
useful for revealing whether or not mixing of groundwater from different sources is
occurring. The Piper diagram in Figure 2 indicates that groundwater from both the AF
and ARG Facies can be classified as a calcium-sodium bicarbonate water.

Time series concentration plots (Appendix B) show that groundwater alkalinity, sodium
and sulfate concentrations have remained stable since sampling began at the MWL. Piper
and stiff diagrams prepared by Goering et al. (12/2002) for sampling events conducted
from 1993 -2001 further demonstrate that the overall hydrochemistry of groundwater at
the MWL has remained generally stable over the time period for which groundwater data
are available.

Based on analysis of soil samples from investigational boreholes as well as passive and
active soil-gas surveys (SNL, 09/1996), detectable contaminant releases from the MWL
are limited to low levels of tritium, radon, and volatile organic compounds in the vadose
(i.e., unsaturated) zone. Cadmium has been detected at low concentrations in the vadose
zone, but only along the western boundary of the landfill. The fate and transport model
of Ho et al (11/2005) predicts that groundwater is unlikely to be affected in the future by
any of these contaminants occurring in the vadose zone. The results of up to 14 years of
groundwater monitoring conducted at the MWL further support this conclusion.
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Data sources

Available historical groundwater hydrochemical and field parameter data for each of the
MWL groundwater monitoring wells were compiled from periodic SNL groundwater
monitoring data reports (Goering et al., 12/2002; Lyon and Goering, 01/ 2006) and an
NMED study (Moats and Winn, 01/1995). Appendix A presents a tabular compilation of
available historical data for the analytes used in this evaluation.

Background hydrochemistry, which is used for comparison purposes with corresponding
data from the monitoring wells, is taken from a comprehensive study of background
groundwater quality throughout the area encompassed chiefly by Kirtland Air Force Base
(KAFB), which includes the SNL research facilities (Moats and Winn, 01/1995). Only
uranium concentration data are taken from a separate background study (IT Corporation,
03/1996).

Data analysis method

For this study, NMED has modified an effective method utilized by LANL in a similar
investigation of the quality of LANL groundwater monitoring data (LANL, 11/2005).
The LANL study employed a tiered assessment strategy in which selected key analyte
concentrations from the three most recent groundwater sampling events were compared
to local background concentrations. The specific analytes used were chosen considering
common effects on groundwater samples from the presence of residual drilling mud and
organic drilling additives (see Figure 3 for an overview of the LANL process). These
effects, if they exist, would be shown by analyte concentrations that are either decreased
or increased in comparison to corresponding regional background values by the
adsorption or desorption of specific chemical species, by localized alteration of
reduction-oxidation (redox) conditions, or both.

The NMED tiered evaluation method is shown as modifications to the LANL process in
Figures 4 and 5. Data flag codes used to indicate that data reliability or representativeness
may be compromised by the potential presence of residual drilling mud, additives, or
both are explained in Table 5. An additional modification to the LANL process is the use
of the median concentration values from the entire data set for any specific analyte where
possible. This is a major enhancement of the LANL process, as use of median values
allows for assessment of the reliability and representativeness of the entire data set for the
subject wells, while discounting the effects of extreme (i.e., very high or low) data
values. For analytical results that are reported by the laboratory as below the analytical
detection limit (DL), the NMED generally has used a value equal to one-half the value of
the DL in the calculation of the median value. Because all concentration values for
ammonia are reported as below the DL, no median concentration has been calculated for
this analyte.

As an additional check on data reliability beyond that built into the LANL process, the

NMED compared the median value of each analyte for each mud rotary well to the
median values for the same analytes from groundwater samples from wells MW1 and
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

MWa4. As stated above, these two wells are completed in the same AF facies, but were
drilled without the use of mud or organic additives. Thus, neither of the two wells can
possibly demonstrate any of the possible adverse effects of residual drilling mud and or
organic additives, including the formation of iron or manganese precipitates that could
mask the measurement of groundwater contaminants. Both of these wells should
therefore provide analytical data that are representative of aquifer hydrochemistry. For
purposes of this study, the NMED assumed that the median analyte concentration from a
given mud rotary well that is within one standard deviation of the corresponding median
from either MW1 or MW4 is strongly indicative of acceptable data representativeness
and reliability. The range representing +/- one standard deviation from the median value
of a given constituent will be hereinafter referred to as the target comparison range.
However, small differences outside of the target comparison range do not automatically
imply that samples from a well are not representative or reliable, as the background range
for any given groundwater constituent generally encompasses an even larger degree of
variance. For example, alkalinity in the low-TDS facies ranges from 101.0 to 291.0
mg/L, with a median of 169.5 mg/L and a standard deviation of 52.8 mg/L (Moats and
Winn, 01/1995). This establishes a target comparison range of 116.7 to 222.3 mg/L,
which excludes the maximum and minimum background values for alkalinity. In such
cases, additional analysis may be required to decide whether or not any suspect data are
representative and reliable.

As mentioned above, the LANL evaluation process is predicated on inferred geochemical
and biochemical interactions among residual drilling mud and/or additives, groundwater,
and aquifer materials. However, in some cases the LANL process used different
groundwater constituents from those used by the NMED for the MWL. For NMED’s
examination of the MWL mud rotary wells, the LANL method was modified to utilize
extant MWL groundwater data. For example, very little data for strontium are available
for the MWL for use as a possible indicator of adsorption onto residual bentonite (see
Figure 4, Tier 2.1-2). However, cadmium could be expected to be significantly adsorbed
by residual bentonite, as the average adsorption coefficient for cadmium (560 mL/g) is
about the same order of magnitude as that for strontium (110 mL/g) (LANL, 11/2005,
Table 4-4, p. 62). Cadmium was therefore substituted for strontium in the NMED
evaluation. Similarly, there are no analytical data for analytes specified in the LANL
Tier 2.2-1 evaluation process available for MWL monitoring wells (see Figure 5), other
than ammonia. However, oxidation of residual organic drilling additives would be
expected to increase the level of alkalinity (LANL, 11/2005, p. 15). NMED has therefore
substituted this analyte in this part of the tiered evaluation method.

MWL monitoring well samples have occasionally yielded low concentrations of acetone.
Most of these detections are below the laboratory practical quantitation limit, and are
associated with the detection of acetone concentrations in blank samples, which would be
indicative of laboratory contamination. Therefore, acetone concentration data were not
used in the evaluative process (see Figure 5, Tier 2.2-1).

The NMED further modified the LANL process by evaluating total, rather than dissolved,
metal concentrations. With the exception of dissolved zinc, generally no more than four
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analyses for any dissolved metals analyte exist. Use of total metal concentrations could
overestimate the effect of desorption (see Figure 4, Tier 2.1-1) and Fe/Mn reducing
conditions (see Figure 5, Tier 2.2-2), thus producing overly conservative assessments.
On the other hand, use of the total metal concentrations could underestimate the effect of
adsorption (see Figure 4, Tier 2.1-2) if the turbidity of a sample appreciably exceeds 5
NTU.

Although MW1 should provide sample data that are representative of background
hydrochemistry in the AF facies, the concentration of total nickel in MW1 groundwater
samples has shown a marked increase over time (see Figure 6). This is inferred to
indicate progressive corrosion of the stainless steel well screen in this well (Goering et
al., 12/2002). In addition to nickel, stainless steel commonly is comprised of iron and
chromium. Therefore total iron concentrations from MW1 groundwater samples were
not used in evaluating the mud rotary well sample data (see Table 4, Tier 2.2-2: redox
conditions -- iron/manganese reducing conditions evaluation; and Table 6).

For MW4, the majority of post-05/23/1994 groundwater sample data are derived from
samples from the upper screen, which also samples the AF Facies. However, data from
earlier groundwater samples were composites of groundwater from both screens, with
groundwater hydrochemistry from the lower more-conductive ARG facies presumably
dominant (Goering, 09/21/2006). Nevertheless, groundwater data from MW4 represent a
reasonable comparison to correlative data from the mud rotary wells.

As noted above, sodium-bentonite grout inadvertently infiltrated into the filter pack and
screen of MWS5 during well installation. Based on review of the field notes documenting
well construction, it appears that much of the grout was removed prior to completing
installation, and that all of the grout residing at the bottom of the well was removed prior
to well development. Any remaining smaller amounts of grout within the filter pack
should have been fairly easy to evacuate during well development.

If any appreciable grout is still present within the filter pack of MWS5, there is a potential
that the sodium bentonite contained within the grout could adsorb contaminants in a
fashion similar to bentonite drilling mud. The percentage of bentonite in the grout that
was used in the construction of MWS5 is unknown, but bentonite grouts typically contain
2 to 6% sodium-bentonite by weight (U. S. Environmental Protection Agency, 03/1991).
Grout is made chiefly from Portland cement, which is a mixture of various calcium
silicates and calcium aluminates and subordinate amounts of hydrated calcium sulfate.
Calcium and aluminum are major constituents of sodium-bentonite drilling mud, and, as
mentioned previously, sulfate was found to be a leachable constituent of drilling mud
made from bentonite mined from Wyoming, the most common source of bentonite used
in well installations in the United States (LANL 11/2005).

Because grout is composed chiefly of Portland cement rather than drilling mud, various
groundwater constituents in samples from MW5 were specifically evaluated as indicators
of the presence of grout. In this case, it is assumed that the presence of grout is strongly
indicated in MWS5 water samples if all of the median concentrations of calcium, total
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aluminum, and sulfate exceed their respective regional background concentrations (Table
9, Tier 3.1). As an additional check, the adsorption of metals was evaluated with the same
process used for bentonite drilling mud (Table 9, Tier 3.2), except that total barium was
substituted for total cadmium. NMED made this substitution because the levels of
cadmium detected in MWS5 groundwater samples are significantly less than the detection
limit used to establish background, so meaningful comparisons using cadmium are not
possible. Dissolved zinc data are not evaluated as such data are not available for water
samples from MWS5.

Finally, relative to other wells at the MWL, the general hydrochemistry of samples from
MWS5 should be most comparable to that of samples from MW8, as both of these latter
wells are screened at least in part in the ARG Facies. The stiff diagrams shown in Figure
1 are useful for making this comparison.

Discussion

A major objective of this study is to determine whether localized reducing conditions
may have become established in well bores by the oxidation of residual organic drilling
additives (see Figure 5, tier 2.2-2.). In natural settings, the redox potential of
groundwater tends to decrease as groundwater moves along its flow path. Water in the
form of rain or snow initially contains appreciable levels of dissolved (free) oxygen due
to the interaction of precipitation with the atmosphere. In recharge areas exhibiting sandy
or gravelly soils, cavernous limestone, or fractured bedrock, levels of dissolved oxygen
can remain high over considerable distances along the flow path of a groundwater
system. In the KAFB/SNL area, groundwater commonly contains free oxygen at
concentrations exceeding 2 mg/L (Moats and Winn, 01/1995), which is considered here
to be indicative of moderate levels of dissolved oxygen (the lower limit of detection for
dissolved oxygen is typically about 0.1 mg/L).

Because the solubility of dissolved oxygen in water is low, and because oxygen is not
easily replaced in subsurface environments, oxidation of only a small amount of organic
matter can consume all of the free oxygen in groundwater. If not sufficiently removed
via well development, residual organic drilling additives can take the place of natural
organic matter and supply nutrients to oxygen-consuming bacteria. The consumption of
dissolved oxygen by bacterially-catalyzed reactions can deplete oxygen levels in
groundwater to those below the level of detection. However, once the free oxygen has
been consumed, reactions with other constituents in groundwater can cause further
decreases in redox potential of the groundwater.

In a closed system, the oxidation of organic matter first consumes free oxygen, then is
followed by a reduction of nitrate and manganese oxide. These reactions may be
followed, in turn, by the reduction of ferric iron minerals. After sufficiently negative
redox levels have been reached, sulfate can be reduced to H,S and HS’", along with the
reduction of organic matter to carbon dioxide (CO; and methane (CH4). However, in
most groundwater systems, groundwater does not undergo all of the above redox stages
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due to limitations on the availability of nutrients and conditions that allow bacteria to
thrive.

Contaminants migrating from the MWL have not been detected in the groundwater
beneath the landfill (Goering et al, 12/2002). Furthermore, the fate and transport model
completed for the MWL shows that concentrations of contaminants in the vadose zone
beneath the MWL are sufficiently low that groundwater is unlikely to be impacted in the
future (SNL, 11/2005). Although contaminants do not occur in the groundwater presently
(aside from nitrate from septic tanks as previously discussed), the ability of the MWL
wells to provide high quality water samples useful for the detection of any unexpected
future contamination is of paramount importance.

Tables 2 through 8 present the NMED’s evaluation of the quality of MWL groundwater
monitoring data using the tiered evaluation method. Wells MW1, MW4, and MW6 do
not require further assessment because these wells were not installed with the mud rotary
method. Although MWS5 was also not installed using the mud rotary method, the quality
of water samples from this well was assessed in this study due to the accidental intrusion
of sodium-bentonite grout into the well’s filter pack and screen. Additional assessment
was therefore necessary for mud rotary wells BW1, MW2, and MW3, and ARCH well
MWS5.

For the mud rotary wells, the median concentrations of all of the analytes examined fall
within the expected regional background ranges (Tables 3 and 4). Therefore, no data
quality flags (Table 5) are assigned to any of these analytes. This part of the tiered
evaluation process shows that there are no bentonite mud components in groundwater
samples from the mud rotary wells, and similarly, that there is no evidence of adsorption
of groundwater contaminants. This part of the evaluation also suggests that reducing
conditions do not exist in the mud rotary wells.

Comparisons of median analyte values of the mud rotary wells to correlative values for
MW1 and MW4 are shown in Tables 6 and 7. Analytes with median values that fall
outside of the target comparison ranges for MW1 or MW4 are shown in Table 8. Of all
of the analytes evaluated, only the median values for alkalinity (for MW3) and nitrate
(for BW1, MW?2, and MW3) fail to meet the target comparison ranges for both MW1 and
MW4,

Relatively higher levels of alkalinity are expected in groundwater adversely affected by
drilling mud. Higher alkalinity concentrations are also expected for groundwater subject
to severely reducing conditions, such as those caused by the oxidation of organic matter,
including organic drilling additives. However, the median value for alkalinity for the
MW3 groundwater samples is actually less than the target comparison ranges for both
MW1 and MW4. This, combined with the lack of other bentonite leaching indicators
(Tier 2.2-1), strongly suggests that residual drilling mud is not affecting the quality of
water samples collected from MW3. Additionally, the lower alkalinity in groundwater
samples from this well, as well as moderate concentrations of sulfate and nitrate, high
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levels of dissolved oxygen, and nondetectable levels of ammonia indicate that reducing
conditions are not present within the well bore.

In general, higher values of nitrate are indicative of high redox potential. The median
values for nitrate from MW2 and MW3 samples are slightly lower than the target
comparison range for MW1. The median values of nitrate for samples from all three mud
rotary wells are higher than the target comparison range for MW4. For all of the mud
rotary wells, the levels of nitrate detected in water samples are relatively high compared
to the background concentration of 4 mg/L and the median value for nitrate in the low-
TDS facies (1.065 mg/L, Moats and Winn, 01/1995). These data, as well as moderate to
high concentrations of dissolved oxygen, moderate levels of sulfate, and nondetectable
levels of ammonia, further indicate that low redox conditions are not present in the
groundwater at any of the mud rotary wells.

For the three mud rotary wells, the median values for total iron as compared to MW4, and
the median values for total manganese as compared to both MW1 and MW4, are within
their respective target comparison ranges, demonstrating that iron and manganese are not
being dissolved into the groundwater as a result of reducing conditions. It is therefore no
surprise that the formation of iron and manganese precipitates is not evident at any of the
mud rotary wells. The median values for sulfate and ammonia (all non-detects) for these
three wells are also within their respective target comparison ranges for both MW1 and
MW4, further demonstrating that highly reducing conditions are not present in any of the
mud rotary wells.

For ARCH well MWS5, comparison of the median values for sulfate, calcium, and total
aluminum to their respective maximum regional background concentrations indicate that
grout contamination is not present in the well (see Table 9, Tier 3.1). Additionally,
comparison of the median values for uranium, total zinc, and total barium to minimum
regional background levels suggest that adsorption of contaminants is not taking place.
Finally, Figure 1, as well as the series of stiff diagrams in Goering et al (12/2002), show
that the general hydrochemistry of water samples from MW5 matches that of
groundwater samples collected from MW86, providing yet further evidence that MW5
water samples are free from grout contamination.

Conclusions

MWL wells MW1, MW4, and MW6 were completed without the use of drilling muds
and organic drilling additives. Water samples from these wells provide data that are
reliable and representative of the hydrochemistry of the aquifer beneath the landfill.
Evaluation of groundwater analytical data from MWL mud rotary well samples confirms
that these data are not compromised. Therefore, none of the data examined is assigned a
qualifying data flag. This study further shows that there are no bentonite drilling mud
components that adversely affect sample chemistry in groundwater samples from the mud
rotary wells, that there is no evidence of adsorption of groundwater contaminants or
evidence of reducing conditions, and that grout contamination was adequately removed
from ARCH well MW5 before the well was placed into service.
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Nitrate in MWL groundwater samples is attributed to the oxidation of ammonia from
Tech Area 3 septic systems. In particular, the consistent detection of relatively high
concentrations of nitrate and moderate to high levels of dissolved oxygen in groundwater
samples from the mud rotary wells provides strong evidence that localized reducing (low
redox) conditions do not exist in the vicinity of these wellbores. Otherwise,
concentrations of these analytes would be markedly lower or altogether absent under the
slightest reducing conditions. The totality of evidence indicates that the three monitoring
wells that were installed with mud rotary method (BW1, MW2, and MW3), and ARCH
well MWS5 have yielded reliable and representative hydrochemical data.

The NMED encourages the use of monitoring well installation methods that avoid
potential impacts to groundwater quality. The NMED will evaluate new or replacement
groundwater monitoring wells associated with the MWL long-term monitoring and
maintenance plan in light of this recommendation. Nevertheless, the results of the tier
evaluation process show that there are no adverse effects in any of the mud rotary wells
caused by the presence of residual drilling mud and organic drilling additives. Thus,
development of the mud rotary wells at the MWL was adequate, and the quality of water
samples retrieved from these wells is representative of general aquifer chemistry.
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Figure 1: Stiff Diagrams of Major lon Chemistry for all MWL Wells, April 2001

(Goering et al., 12/2002, Figure 4-14)
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Figure 2: Piper trilinear diagram of major ion chemistry for all MWL wells, April
2001

(Goering et al, 12/2002, Figure 4-7)

X MWL-BW1
X MWL-MW1
X MWL-MW2
X MWL-MW3
X MWL-MW4
X MWL-MWS5
> MWL-MWE

80 60 o 40 20  Na+K HCO3+CO3 20 40 — 80 80 cl
Calcium (Ca) Chiloride (Cl)
CATIONS %meq/| ANIONS
301462.249.02.000/A94

November 2006 Page 15/90




Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Figure 3: Overview of LANL evaluation process for monitoring well groundwater
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Figure 4: NMED modification of LANL Tier 2.1 evaluation process

(Modified from LANL, 11/2005, figure 4-3)
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Figure 5: NMED modification of LANL Tier 2.2 evaluation process
(Modified from LANL, 2005, figure 4-10)
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Figure 6: MWL--total nickel concentrations in groundwater samples vs. time
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Table 1: MWL Monitoring well construction details
BW1 MW1 MW2 MW3 Mw4 MW5 MW6
mud rotary air-rotary mud rotary mud rotary sonic resonance air-rotary casing air-rotary casing
Drilling method casing hammer hammer
hammer
alluvial fan alluvial fan alluvial fan alluvial fan top screen: alluvial Ancestral Rio
alluvial fan fan/ancestral Rio | Grande
Sedimentary Grande
facies at well bottom screen:
screen alluvial
fan/ancestral Rio
Grande
4930.53- 4923.12- 4923.71- 4927.67- 4904.75-4881.86 4881.15-4861.15 | 4864.46-4844.46
4910.53 4903.12 4903.71 4907.67
Screen interval
(feet above mean
sea level) 4861.97-4842.08
Date of 1989 1988 1989 1989 1993 2000 2000
completion
Background Cross- Cross- down- 6° angle well from | downgradient downgradient
monitoring well | gradient gradient gradient vertical with dual
for MWL, completion.
Additional notes | located cross- Sited beneath
gradient Trench D.
November 2006
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Table 2: Tier 1-1 evaluation
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Mixed Waste Landfill, Sandia National Laboratories

MWL Bentonite Organic OQutcome
monitoring | mud and/or drilling
well soda ash fluids (e.qg.,
known to be CMQ)
absent? known to
be absent?
BW1 no Tier 2.1 is applicable
MW1 yes yes no residual effects on water quality from
drilling
MW?2 no Tier 2.1 is applicable
MW3 no Tier 2.1 is applicable
MW4 yes yes no residual effects on water quality from
drilling
MW5 yes yes no residual effects on water quality from
drilling, but grout infiltrated filter pack
and screen during well installation
MW6 yes yes no residual effects on water quality from
drilling
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Table 3: Tier 2.1 evaluation

(See Figure 4)

Tier 2.1-1: desorption

Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Median sulfate
concentration from
groundwater sample

Is the median sulfate
concentration in groundwater
sample analyses below the

monilt\(/l)x\!lt well analyses (mg/L) maximum regional background DB flag?
concentration (i.e., 124.7 mg/L
at 95% confidence level [Moats
and Winn, 1995])?
BwW1 43.5 | yes none
MW2 41.1 | yes none
MW3 39.2 | yes none
Median total sodium | Is the median total sodium
concentration from | concentration in groundwater
groundwater sample | sample analyses below the
analyses (mg/L) maximum regional background
total sodium concentration (i.e.,
74.0 mg/L at 95% confidence
MWL level [Moats and Winn, 1995])? DB flag?
monitoring well
BW1 52.8 | yes none
MW?2 49.6 | yes none
MW3 50.7 | yes none

November 2006
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Table 3 continued

Tier 2.1-1: desorption (concluded)

Median total Is the median total
uranium uranium concentration in
concentration from | groundwater sample
groundwater analyses below the
MWL sample analyses maximum regional
monitoring | (mg/L) background total uranium DB flag?
well concentration?
(i.e., 0.0149 mg/L [IT
Corporation, March,
1996])?
BwW1 0.0066 | yes none
MW?2 0.0066 | yes none
MW3 0.0055 | yes none
Median alkalinity Is the median alkalinity DB flag?
(as CaCOg) value value in groundwater
from groundwater | sample analyses below
MWL sample analyses the maximum regional
monitoring | (mg/L) background alkalinity
well value (i.e., 289.5 mg/L at
95% confidence level
[Moats and Winn,
1995])?
BW1 229 | yes none
MW?2 200 | yes none
MW3 191 | yes none
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Table 3 continued

Tier 2.1-2: adsorption

Median total uranium | Is the median total DB flag?
concentration from uranium
groundwater sample | concentration in
analyses (mg/L) groundwater sample
MWL analyses above the
monitoring minimum
well background total
uranium
concentration, (i.e.,
0.0005 mg/L [IT
Corp., 03/1996])?
BwW1 0.0066 | yes none
MW?2 0.0066 | yes none
MW3 0.0055 | yes none
Median total Is the median total DB flag?
cadmium cadmium
concentration from concentration in
groundwater sample | groundwater sample
MWL analyses (mg/L) analyses above the
monitoring minimum
well background total
cadmium
concentration (i.e.,
<0.001 mg/L [Moats
and Winn, 1995])?
BW1 0.0025 | yes none
MW?2 0.001 | yes none
MW3 0.002 | yes none
Table 3 concluded
Tier 2.1-2: adsorption (concluded)
MWL Median total zinc Is total zinc detected? DB flag?
monitoring concentration (mg/L)
well
BW1 0.046 | yes none
MW2 0.071 | yes none
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| MW3 0.030 | yes none
MWL Median dissolved Is dissolved zinc DB flag?
monitoring zinc concentration detected?
well (mg/L)
BW1 0.040 | yes none
MW?2 0.037 | yes none
MW3 0.038 | yes none
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Table 4: Tier 2-2 evaluation
(See Figure 5)

Tier 2.2-1: indicators of residual organic drilling additive
Median alkalinity | Is the median alkalinity DO flag?
(as CaCOg) value | value in groundwater
from groundwater | sample analyses below
MWL sample analyses the maximum regional
monitoring | (mg/L) background alkalinity
well value (i.e., 289.5 mg/L
as CaCOszat 95%
confidence level [Moats
and Winn, 1995])?
BW1 229 | yes none
MW?2 200 | yes none
MW3 191 | yes none
MWL Ammonia value Is ammonia below the DO flag?
monitoring | from groundwater | level of detection?
well sample analyses
(mg/L)
BW1 <0.1 yes none
MW?2 <0.1 yes none
MW3 <0.1 yes none
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Table 4 continued

Tier 2.2-2: redox conditions—sulfate reducing conditions evaluation

Median sulfate Is the median sulfate DR flag?
concentration from concentration in
groundwater sample | groundwater sample
MWL analyses (mg/L) analyses above the
monitoring minimum regional
well background sulfate
concentration (i.e.,
22.0 mg/L [Moats
and Winn, 1995])?
BW1 435 | yes none
MW?2 41.1 | yes none
MW3 39.2 | yes none
MWL Median Eh value Is the Eh value DR flag?
monitoring | from groundwater positive?
well sample analyses
BW1 141.8 | yes none
MW?2 151.0 | yes none
MW3 1445 | yes none
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Table 4 continued

Tier 2.2-2: redox conditions—iron/manganese reducing conditions

evaluation
Median total iron Is the median total iron concentration in DR flag?
concentration from groundwater sample analyses below the
MWL X . .
monitorin groundwater sample maX|mum_reg|9naI background total iron
Awell analyses (mg/L) concentration (i.e., 8.570 mg/L at 95%
- confidence level [Moats and Winn, 1995])?
BW1 0.05 | yes none
MW?2 0.09 | yes none
MW3 0.24 | yes none
Median total Is the median total manganese concentration in | DR flag?
MWL manganese groundwater sample analyses below the
monitoring | concentration from maximum regional background total
well groundwater sample | manganese concentration (i.e., 0.100 mg/L
analyses (mg/L) [Moats and Winn, 1995])?
BW1 0.005 | yes none
MW2 0.005 | yes none
MW3 0.01 | yes none
MWL Median pH value Is the median pH value !n groundyvater sample DR flag?
monitorin from groundwater analyses below the maximum regional
4qwell sample analyses back_ground pH value (i.e., 7.9 at 95%
- confidence level [Moats and Winn, 1995])?
BW1 7.62 | yes none
MW?2 7.55 | yes none
MW3 7.65 | yes none
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Table 4 concluded

Tier 2.2-2: redox conditions—nitrate reducing conditions evaluation

Median nitrate Is the median nitrate DR flag?
concentration from concentration in
groundwater sample | groundwater sample | (n.b., Presence
MWL ar_1a|yses (mg/L, as an_al_yses abov_e the suggests reducing
monitorin nitrogen) minimum reg[onal copdl_tlons do not
4gwell backgroun_d nitrate exist in wellbore
- concentration (i.e., vicinity)
<0.100 mg/L, as
nitrogen [Moats and
Winn, 1995])?
BW1 5.68 | yes none
MW?2 3.83 | yes none
MW3 4.03 | yes none
Median dissolved Is the median DR flag?
MWL oxygen concentration | dissolved oxygen
monitorin from groundwater concentration in
Awell sample analyses groundwater sample
- analyses above 2
mg_]/L’?
BW1 6.8 | yes none
MW?2 3.9 | yes none
MW3 7.29 | yes none
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Table 5: Validation flag codes to indicate that analyte concentrations may not be
reliable or representative of groundwater predrilling conditions
(LANL, 11/2005, Table 4-3)

Flag Definition Applicable
Tier

DB+ Analyte concentration may be elevated above that in predrilling groundwater due to leaching 2.1
from bentonite drilling mud

DB- Analyte concentration may be less than that in predrilling groundwater due to adsorption onto | 2.1
residual bentonite drilling mud

DB [Uranium and uranium isotopes] Analyte concentration may not be the same as that in 2.1
predrilling groundwater due to effects of residual bentonite drilling mud, but nature of effect
is indeterminate

DO+ Analyte concentration may be elevated above that in predrilling groundwater due to presence | 2.2
of residual organic drilling fluids

DR+ Analyte concentration may be elevated above that in predrilling groundwater due to reducing 2.2
conditions caused by residual organic drilling fluids

DR- Analyte concentration may be less than that in predrilling groundwater due to reducing 2.2
conditions caused by residual organic drilling fluids

DR Analyte concentration may not be representative of that in predrilling groundwater due to 2.2
reducing conditions caused by residual organic drilling fluids, but nature of effect is
indeterminate
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Table 6: Comparison of mud rotary well median analyte values to target comparison ranges for MW1

Is the median analyte concentration in groundwater sample analyses within 1 standard deviation of the median analyte concentration in
groundwater sample analyses from MW1?
MWT1 target BW1 MW?2 MW3
Analyte E:iogn pflr-lsf Zt;erllrcligid median value comparison median value comparison median value comparison
. [mg/L except [mg/L except [mg/L except Eh
deviation) [mg/L Eh and pH] result Eh and pH] result and pH] result
except Eh and pH] P P P
alkalinity [as CaCOg] 192 - 230 229 | yes 200 | yes 191 p@0 |
ammonia all analyses below | all analyses | yes all analyses | yes all analyses | yes
detection limit below below below detection
detection detection limit limit
limit
cadmium (total) 0-0.0094 0.0025 | yes 0.001 y 0.0019 | yes
dissolved oxygen 6.05-7.03 6.8 | yes 390 | 729 ng
Eh 99.3-242.9 141.8 | yes 151.0 _yes 1445 | yes
iron (total) not used 0.05 0.09 0.24
manganese (total) 0.0048 — 0.0172 0.005 | yes : | 0.010 |
nitrate (as nitrogen) 4.65-5.74 5.68 | yes 3.83 | no 4.03 | \b\ -
pH 71.32-17.73 7.62 | yes 7.55 7.65 | yes
sodium (total) 48.2 - 52.8 52.8 | yes 49.6 50.7 | yes
sulfate 39.1-48.3 43.5 | yes 41.1 39.2 | yes
uranium (total) 0.0036 — 0.0068 0.0055 | yes
zinc (total) 0-0.034 . . \ 0.030 | yes
zinc (dissolved) 0.003 - 0.014 . \E\\\\\\\\\\\\\\\\ 037 | r 0038|p0
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Table 7: Comparison of mud rotary well median analyte values to target comparison ranges for MW4

Is the median analyte concentration in groundwater sample analyses within 1 standard deviation of the median analyte concentration in
groundwater sample analyses from MW4?

MW4 target BW1 MW?2 MW3
comparison range median value median value median value
Analyte (|.e._, +_/- 1 standard [mg/L except comparison [m/L except comparison [mg/L except Eh comparison
deviation) [mg/L result result result
except Eh and pH] Eh and pH] Eh and pH] and pH]
alkalinity [as CaCOs] 198.1 — 254.6 229 | yes 200 | yes 191 p@0 |
ammonia all analyses below | all analyses | yes all analyses | yes all analyses | yes
detection limit below below below detection
detection detection limit limit
limit
cadmium (total) 0-0.0019 0.0025 | no 0.001 0.0019
dissolved oxygen insufficient data 6.8 3.9 7.29
MN \ NN \
Eh 190.4-380.0 141.8 151.0 |\ pog = | 1445 m0 =
iron (total) 0.0042 -0.276 0.05 | yes 0.09 0.24
manganese (total) 0 -0.056 0.005 | yes 0.005 | y 0.010 | y |
nitrate (as nitrogen) 1.3-24  no 3.83 | no 403p0
N\ \ N\ \ N\ \
sodium (total) 40.2 - 66.0 52.8 | yes 49.6 50.7 | yes
sulfate 32.4 - 44.6 43.5 | yes 41.1 39.2 |y
- NI \
uranium (total) 0.0056 — 0.0067 0.0066 | yes 0.0066 | yes 00055 |lpg
zinc (total) 0-0.49 0.046 | yes 0.071 | yes 0.030
zinc (dissolved) insufficient data 0.040 0.037 0.038
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Table 8: Mud rotary well median analytes exhibiting concentrations outside of target comparison range from MW1 and/or

MWw4

Mud rotary well affected
Analyte BW1 | MW2 | MW3 Issue Failure to | Failure to
MW1? MWwW4?
alkalinity X Median value is greater thar} one standard deviation X X
below the comparative median value
cadmium Median value is greater than one standard deviation
X . . X
(total) above the comparative median value
dissolved Median value is greater than one standard deviation
X X . . X N/A
oxygen above or below the comparative median value
En X X X Median value is greater thar} one standard deviation X
below the comparative median value
nitrate X X Median value is greater than one stan.dard deviation X X
above or below the comparative median value
oH X X X Median value is greater thar_1 one standard deviation X
above the comparative median value
uranium Median value is greater than one standard deviation
X ) . X
(total) below the comparative median value
zinc (total) X X Median value is greater thar_l one standard deviation X
above the comparative median value
zinc X X X Median value is greater thar_l one standard deviation X N/A
(dissolved) above the comparative median value

Note: N/A means not analyzed.
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Table 9: Indicator Constituents of Grout Contamination and Adsorption

Tier 3.1 Indicator Constituents of Grout Contamination

Median sulfate
concentration from
groundwater sample

Is the median sulfate
concentration in groundwater
sample analyses less than the

monitoring well

analyses (mg/L)

total calcium concentration
(i.e., 105.1 mg/L at 95%
confidence level [Moats and
Winn, 1995])?

MWL analyses (mg/L) maximum regional background | Presence of Grout
monitoring well sulfate concentration (i.e., Indicated?
124.7 mg/L at 95% confidence
level [Moats and Winn, 1995])?
MW5 54.5 | yes no
Median total Is the median total calcium
calcium concentration in groundwater
concentration from | sample analyses less than the
roundwater sample | maximum regional background
MWL g P g g Presence of Grout

Indicated?

MW5 79.5 | yes no
Median total aluminum | Is the median total aluminum
concentration from concentration in groundwater
MWL groundwater sample sample analyses less than the
monitorn analyses (mg/L) maximum regional background | Presence of Grout
Wq total aluminum concentration? Indicated?
- (i.e., 3.6 mg/L [Moats and
Winn, 1995])?
MW5 0.029 | yes no
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Table 9 continued

Tier 3.2 Indicators of Adsorption

Median total uranium | Is the median total uranium DB flag?
concentration from concentration in groundwater
MWL groundwater sample | sample analyses greater than
monitoring analyses (mg/L) the minimum background total
well uranium concentration, (i.e.,
0.0005 mg/L [IT Corp.,
03/1996])?
MW5 0.0094 | yes none
MWL Median total zinc Is total zinc detected? DB flag?
P concentration (mg/L)
monitoring
well
MW5 0.0057 | yes none
Median total barium | Is the median total barium DB flag?
concentration from concentration in groundwater
MWL groundwater sample | sample analyses greater than
nitert analyses (mg/L) the minimum background total
monitorin : S
Wg barium concentration (i.e.,
- <0.100 mg/L [Moats and
Winn, 1995])?
MW5 0.134 | yes none
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Appendix A: MWL monitoring well groundwater analytical data for wells BW1, MW1,
MW3, and MW4
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Mixed Waste Landfill, Sandia National Laboratories

Alkalinity (mg/L)

Date
sampled

BW1

MW1

MW2

MW3

MW4

04/26/93

207.7

04/26/93

200

04/27/93

215.7

04/27/93

220

04/27/93

193.4

04/27/93

197

04/28/93

233

04/28/93

257.3

04/28/93

291

04/30/93

231.7

11/08/93

208

11/09/93

211

11/09/93

193

11/10/93

229

11/11/93

218

10/24/94

185

10/25/94

207

10/25/94

177

10/27/94

217

10/28/94

234

03/14/95

230

04/17/95

196

04/17/95

182

04/19/95

226

04/19/95

266

04/19/95

267

10/16/95

199

10/16/95

191

10/20/95

234

10/20/95

257

10/20/95

276

10/23/95

229

04/15/96

195

04/15/96

182

04/16/96

212

04/16/96

04/18/96

220

04/18/96

217

04/13/99

199

04/05/01

215

04/06/01

233

04/08/01

194

04/13/01

198

04/23/01

209
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Date
sampled BW1 MW1 MW2 MW3 MwW4
04/15/02 246
04/16/02 208
04/16/02 221
04/24/02 201
04/30/02 191
05/08/02 212
04/08/03 204
04/16/03 238
04/21/03 187
04/22/03 186
04/16/04 178
04/20/04 214
04/20/04 189
04/22/04 169
04/26/04 187
04/15/05 192
04/19/05 185
count 13 11 11 11 14
Median
values 229 211 200 191 226.35

1
STANDARD
DEVIATION | 26.76115 | 18.83997 | 8.43768 | 12.24745 | 28.28613
-1
STANDARD
DEVIATION | 202.2389 192.16 | 191.5623 | 178.7526 | 198.0639
+1
STANDARD
DEVIATION | 255.7611 229.84 | 208.4377 | 203.2474 | 254.6361
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Ammonia (mg/L)
N.B., all analytical results are reported as below detection limit, except sample result for
MW4 dated 5/31/94 (1.3 mg/L) which is likely erroneous.

Date
sampled BW1 MwW1 MWwW?2 MW3 MwW4

11/08/93 0.05
11/09/93 0.05
11/09/93 0.05
11/10/93 0.05
11/10/93 0.05
11/11/93 0.05
03/14/94 0.05
05/02/94 0.05
05/03/94 0.05
05/03/94 0.05
05/04/94 0.05
05/31/94 1.3
10/24/94 0.05
10/25/94 0.05
10/25/94 0.05
10/25/94 0.05
10/27/94 0.05
10/27/94 0.05
10/28/94 0.05
03/14/95 0.1
10/16/95 0.0085
10/20/95 0.0085
10/20/95 0.0085
10/20/95 0.0085
10/23/95 0.009
04/15/96 0.0085
04/15/96 0.0085
04/15/96 0.01
04/16/96 0.009
04/18/96 0.0085
04/18/96 0.0085
04/18/96 0.0085
count 7 7 4 6 8
Median
values 0.05 0.05 0.05 0.03 | 0.02925
1
STANDARD
DEVIATION 0.030865 | 0.02025 | 0.02075 | 0.022463 | 0.450794
-1
STANDARD
DEVIATION 0.019135 0.02975 0.02925 0.007537| -0.42154
+1
STANDARD 0.080865 0.07025] 0.07075 0.052463 0.480044
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Date
sampled

BW1

MW1

MW2

MW3

MwW4

DEVIATION
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Cadmium (mg/L)

Date
sampled

BW1

MW1

MW2

MW3

MW4

09/27/90

0.0025

09/27/90

0.0025

09/27/90

0.046

09/28/90

0.0025

09/28/90

0.0025

01/24/91

0.0025

01/24/91

0.0025

01/24/91

0.0025

01/28/91

0.0025

01/28/91

0.0025

04/02/91

0.0025

04/02/91

0.0025

05/07/91

0.0025

05/07/91

0.0025

05/07/91

0.0025

07/31/91

0.0025

08/01/91

0.0025

08/05/91

0.0025

08/06/91

0.0025

08/06/91

0.0025

10/14/91

0.0025

10/15/91

0.0025

10/15/91

0.0025

10/16/91

0.0025

10/16/91

0.0025

10/16/91

0.0025

07/27/92

0.0025

07/27/92

0.00025

07/28/92

0.0025

07/28/92

0.0006

07/28/92

0.0025

07/28/92

0.0024

07/29/92

0.00025

07/29/92

0.0025

01/18/93

0.016

01/19/93

0.0086

01/19/93

0.029

01/20/93

0.031

01/20/93

0.023

04/26/93

0.0025

04/26/93

0.0008

04/27/93

0.0005

04/27/93

0.00025

04/27/93

0.0025
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Date
sampled

BW1

MW1

MW2

MW3

MW4

04/27/93

0.0014

04/28/93

0.00025

04/28/93

0.0025

04/28/93

0.0025

04/28/93

0.0025

04/28/93

0.0025

11/08/93

0.0025

11/09/93

0.0025

11/09/93

0.0025

11/10/93

0.0025

11/10/93

0.0025

11/10/93

0.0025

03/14/94

0.0025

05/02/94

0.0025

05/02/94

0.0025

05/03/94

0.0025

05/04/94

0.0025

05/31/94

0.0025

10/24/94

0.0025

10/25/94

0.0025

10/25/94

0.0025

10/25/94

0.0025

10/27/94

0.0025

10/27/94

0.0025

10/28/94

0.0025

04/17/95

0.0025

04/17/95

0.0025

04/19/95

0.0025

04/19/95

0.0025

04/19/95

0.0025

10/16/95

0.0002

10/20/95

0.00013

10/20/95

0.00093

10/23/95

0.00012

04/15/96

0.00017

04/16/96

0.00005

04/18/96

0.00005

04/18/96

0.00005

04/18/96

0.00005

04/28/96

0.00028

04/23/97

0.00057

04/23/97

0.00031

04/24/97

0.00065

04/24/97

0.00046

10/15/97

0.000105

10/15/97

0.000105
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Date
sampled BW1 MW1 MW?2 MW3 MW4

10/15/97 0.00022
10/16/97 0.00045
10/17/97 | 0.00024
10/17/97 0.00035
03/31/98 0.0003
03/31/98 | 0.00011
04/01/98 0.000105
04/01/98 0.0001
04/01/98 0.0001
04/01/98 0.0003
04/02/98 0.00032
04/02/98 0.00025
04/02/98 0.00011
11/05/98 | 0.00011
11/06/98 0.00086
11/06/98 0.00028
11/06/98 0.00011
11/06/98 0.00026
11/06/98 0.00011
04/12/99 0.00011
04/13/99 | 0.00011
04/14/99 0.00011
04/14/99 0.00025
04/19/99 0.00023
04/06/00 | 0.00032
04/07/00 0.00066
04/13/00 0.00064
04/14/00 0.0012
04/14/00 0.00032
04/24/00 0.0011
04/05/01 0.00033
04/05/01 0.00037
04/06/01 | 0.00067
04/08/01 0.00011
04/13/01 0.00013
04/23/01 0.0004
04/15/02 | 0.000578
04/16/02 0.000126
04/16/02 0.000126
04/24/02 0.000488
04/30/02 0.000387
05/08/02 0.00111
04/08/03 0.0152
04/14/03 | 0.000181
04/16/03 0.00309
04/16/03 0.00304
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Date
sampled BW1 MW1 MW?2 MW3 MW4
04/21/03 0.00222
04/22/03 0.000508
09/09/03 0.00168
09/09/03 0.000502
09/09/03 0.0017
04/16/04 0.000096
04/20/04 | 0.000134
04/20/04 0.000966
04/22/04 0.00036
04/26/04 0.00013
04/26/04 0.000143
count 34 31 28 26 28
Median
values 0.0025 0.0012 | 0.00095 0.0019 | 0.000795

1
STANDARD
DEVIATION | 0.006282 | 0.008165 | 0.003892 | 0.005517 | 0.001146
-1
STANDARD
DEVIATION | -0.00378 | -0.00696 | -0.00294 | -0.00362 | -0.00035
+1
STANDARD
DEVIATION | 0.008782 | 0.009365 | 0.004842 | 0.007417 | 0.001941
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Dissolved oxygen (mg/L)

Date
sampled BW1 MW1 MW?2 MW3 MW4
04/28/93 6.8
04/16/03 6.19
04/20/03 6.16
04/20/03 2.66
04/22/03 7.29
04/26/03 3.9
08/31/04 6.89
09/01/04 7.99
count 3 2 1 1 1
Median
values 6.8 6.54 3.9 7.29 2.66

1
STANDARD
DEVIATION | 0.928673 | 0.494975
-1
STANDARD
DEVIATION | 5.871327 | 6.045025
+1
STANDARD
DEVIATION | 7.728673 | 7.034975
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Eh (mV)

Date
Sampled

BW1

MW1

MW?2

MW3

Mw4

01/18/93

86

01/19/93

95

131

01/20/93

109

04/26/93

135

04/27/93

162

112

04/28/93

121

11/08/93

39

11/09/93

61

67

11/10/93

85

11/11/93

97

03/14/95

113

04/17/95

279

279

04/19/95

317

294

04/15/96

105

88

04/16/96

77

04/18/96

72

73

04/23/96

351

04/28/96

306

04/23/97

146

04/24/97

278

270

10/15/97

228

317

10/16/97

235

230

10/17/97

134

03/31/98

217

04/01/98

246

239

04/02/98

240

239

11/05/98

201

11/06/98

271

151

158

285

01/19/99

102

01/20/99

120

130

117

01/21/99

341

04/12/99

130

04/13/99

168

04/14/99

125

222

04/19/99

170

04/06/00

194

04/07/00

231

04/13/00

186

04/14/00

224

04/24/00

169
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Date
Sampled

BW1

MW1

MW?2

MW3

Mw4

10/31/00

250

11/01/00

136

02/07/01

195

02/09/01

192

04/06/01

200

04/08/01

225

04/13/01

180

04/23/01

110

11/13/01

301

04/16/02

334

04/24/02

204

04/30/02

134

05/08/02

128

04/08/03

154.7

04/14/03

123

04/16/03

104.6

04/21/03

145.8

04/22/03

253.2

09/08/03

250.6

09/09/03

220.8

376

04/16/04

222.9

04/20/04

313

409.9

04/22/04

214

04/26/04

144.3

08/31/04

170.1

09/01/04

157.3

11/15/04

254.8

11/16/04

215.7

02/16/05

147.6

02/21/05

172.1

04/11/05

263.3

04/12/05

75.6

04/13/05

56

04/06/06

290.5

04/10/06

68.3

04/12/06

75.7

04/13/06

83.6

04/18/06

42.8

count

20

22

19

18

19

Median
values

141.8

171.1

151

144.5

285

November 2006

Page 47/90



Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

1
Standard
Deviation) | 71.9670 | 71.8301 | 70.2655 | 73.1214 | 94.6265

-1
Standard
Deviation | 69.8329 | 99.2698 | 80.7344 | 71.3785 | 190.373

+1
Standard
Deviation) | 213.767 | 242.930 | 221.265 | 217.621 | 379.626
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Iron (total) (mg/L)

Date
sampled BW1 MW1 MW2 MW3 MwW4
01/24/91 0.28
01/24/91 0.05
01/24/91 0.05
01/24/91 0.05
01/24/91 0.44
01/24/91 0.05
01/28/91 0.85
01/28/91 0.05
01/28/91 0.05
01/28/91 0.05
04/01/91 0.02
05/02/91 0.2
05/02/91 0.05
05/02/91 0.24
05/02/91 0.05
05/07/91 0.05
05/07/91 0.05
05/07/91 0.1
05/07/91 0.05
05/07/91 0.76
05/07/91 0.05
07/01/91 0.05
07/01/91 0.05
07/01/91 0.25
07/31/91 0.71
07/31/91 0.05
08/01/91 0.085
08/01/91 0.05
08/05/91 0.25
08/05/91 0.1
08/06/91 0.05
08/06/91 0.05
08/06/91 0.05
08/06/91 0.05
10/14/91 0.12
10/14/91 0.05
10/15/91 0.49
10/15/91 0.05
10/15/91 0.14
10/15/91 0.05
10/16/91 0.05
10/16/91 0.05
10/16/91 0.05
10/16/91 0.05
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4

07/27/92 0.1
07/27/92 0.05
07/28/92 0.19
07/28/92 0.05
07/28/92 1.3
07/28/92 0.05
07/29/92 0.23
07/29/92 0.05
07/29/92 0.05
07/29/92 0.05
01/18/93 0.045
01/19/93 0.37
01/20/93 0.058
01/20/93 0.09
04/26/93 0.05
04/26/93 0.06
04/27/93 0.05
04/27/93 0.05
04/27/93 0.118
04/27/93 0.38
04/27/93 0.315
04/27/93 0.033
04/28/93 0.121
04/28/93 0.055

04/28/93 0.15

04/28/93 0.14
04/28/93 0.12
04/30/93 0.21
04/30/93 0.05
11/08/93 0.05

11/09/93 0.22

11/09/93 0.12

11/10/93 0.054
11/10/93 0.041
11/11/93 0.1
03/14/94 0.1
05/02/94 0.048
05/03/94 0.11
05/03/94 0.25
05/04/94 0.048
05/31/94 0.036
10/24/94 0.05
10/25/94 0.058
10/25/94 0.05
10/25/94 0.078
10/27/94 0.057
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

10/28/94

0.15

03/14/95

0.07

04/17/95

0.024

04/17/95

0.071

04/19/95

0.094

04/19/95

0.07

04/19/95

0.098

10/16/95

0.266

10/20/95

0.565

10/20/95

0.0134

10/20/95

0.0161

10/23/95

0.321

04/15/96

0.273

04/15/96

0.0608

04/15/96

0.0608

04/16/96

0.0462

04/18/96

0.0051

04/18/96

0.272

04/18/96

0.011

04/18/96

0.0051

08/27/98

0.26

08/27/98

18

04/12/99

0.0993

04/13/99

0.0967

04/14/99

0.583

04/14/99

0.0917

04/19/99

0.18

04/19/99

0.0906

04/14/00

0.96

04/05/01

0.486

04/05/01

0.304

04/06/01

1.82

04/08/01

0.248

04/13/01

0.409

04/23/01

0.169

04/15/02

0.0304

04/16/02

0.199

04/16/02

0.248

04/24/02

0.357

04/30/02

0.272

05/08/02

0.731

04/08/03

0.31

04/08/03

0.399

04/14/03

0.115

04/16/03

0.299

04/16/03

0.303
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4
04/21/03 0.464
04/22/03 0.669
04/16/04 0.886
04/20/04 0.271
04/20/04 0.206
04/22/04 1.1
04/26/04 0.21
04/26/04 0.204
04/11/05 0.697
04/11/05 0.135
04/12/05 0.235
04/13/05 0.473
04/15/05 0.2
04/19/05 0.303
04/19/05 0.318
04/06/06 0.441
04/10/06 0.377
04/12/06 1.67
04/12/06 1.64
04/13/06 0.422
04/18/06 0.361
count 40 34 29 29 25
Median
values 0.05 0.24 0.0906 0.24 0.14

1 Standard
deviation | 0.285691 | 0.488327 | 0.173678 | 0.314261 | 0.135825
-1
STANDARD
DEVIATION | -0.23569 | -0.24833 | -0.08308 | -0.07426 | 0.004175
+1
STANDARD
DEVIATION | 0.335691 | 0.728327 | 0.264278 | 0.554261 | 0.275825
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Manganese (total) (mg/L)

Date
sampled

BW1

MW1

MW2

MW3

MWwW4

01/24/91

0.005

01/24/91

0.019

01/28/91

0.016

01/28/91

0.005

05/02/91

0.005

05/02/91

0.005

05/07/91

0.005

05/07/91

0.005

05/07/91

0.015

07/01/91

0.005

07/01/91

0.005

07/01/91

0.005

07/31/91

0.019

08/01/91

0.005

08/05/91

0.005

08/06/91

0.005

08/06/91

0.005

10/14/91

0.005

10/15/91

0.017

10/15/91

0.005

10/16/91

0.005

10/16/91

0.005

07/27/92

0.005

07/28/92

0.005

07/28/92

0.005

07/29/92

0.005

07/29/92

0.005

01/18/93

0.005

01/19/93

0.011

01/19/93

0.005

01/20/93

0.005

01/20/93

0.005

04/26/93

0.005

04/26/93

0.005

04/27/93

0.0095

04/27/93

0.047

04/27/93

0.056

04/27/93

0.056

04/28/93

0.005

04/28/93

0.0098

04/30/93

0.16

11/08/93

0.005

11/09/93

0.005

11/09/93

0.0043
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MWwW4

11/10/93

0.005

11/10/93

0.005

11/11/93

0.04

05/02/94

0.0089

05/03/94

0.012

05/03/94

0.012

05/04/94

0.0078

05/31/94

0.094

10/24/94

0.005

10/25/94

0.011

10/25/94

0.021

10/27/94

0.005

10/27/94

0.005

10/28/94

0.045

04/17/95

0.0025

04/17/95

0.0025

04/19/95

0.0025

04/19/95

0.028

04/19/95

0.027

10/16/95

0.00787

10/16/95

0.013

10/20/95

0.0128

10/20/95

0.0284

10/20/95

0.0295

10/23/95

0.00955

04/15/96

0.0121

04/15/96

0.00341

04/16/96

0.0019

04/18/96

0.0109

04/18/96

0.0166

04/18/96

0.016

04/12/99

0.0228

04/13/99

0.00238

04/14/99

0.00793

04/14/99

0.00959

04/19/99

0.00802

04/06/00

0.0324

04/05/01

0.0198

04/05/01

0.0179

04/08/01

0.00983

04/13/01

0.00655

04/23/01

0.00197

04/15/02

0.00535

04/16/02

0.022

04/16/02

0.0212

04/24/02

0.00197
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4
04/30/02 0.00646
05/08/02 0.00429
04/08/03 0.00183
04/08/03 0.00223
04/14/03 | 0.00081
04/16/03 0.00589
04/16/03 0.00609
04/21/03 0.00599
04/22/03 0.0105
04/16/04 0.0172
04/20/04 | 0.00479
04/20/04 0.00187
04/22/04 0.0157
04/26/04 0.00278
04/26/04 0.00279
04/11/05 0.019
04/12/05 0.0005
04/12/05 0.00415
04/13/05 0.0259
04/15/05 | 0.00282
04/19/05 0.00457
04/19/05 0.00483
04/06/06 0.00844
04/10/06 0.00551
04/12/06 0.0236
04/12/06 0.0232
04/13/06 0.0771
04/18/06 0.0054
count 27 22 25 23 21
Median
values 0.005 0.011 0.005 | 0.00983 0.0198

1
STANDARD
DEVIATION | 0.005582 0.0062 | 0.003395 | 0.020799 | 0.036183
-1
STANDARD
DEVIATION | -0.00058 0.0048 | 0.001605 | -0.01097 | -0.01638
+1
STANDARD
DEVIATION | 0.010582 0.0172 | 0.008395 | 0.030629 | 0.055983
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Nickel (total) (mg/L)

Date
sampled

BW1

MW1

MW2

MW3

MWwW4

09/27/90

0.02

09/27/90

0.02

09/27/90

0.046

09/28/90

0.02

09/28/90

0.02

07/17/92

0.025

07/17/92

0.025

07/27/92

0.01

07/28/92

0.15

07/28/92

0.162

07/28/92

0.066

07/28/92

0.07

07/29/92

0.01

07/29/92

0.02

01/18/93

0.02

01/19/93

0.078

01/19/93

0.026

01/20/93

0.02

01/20/93

0.02

04/26/93

0.014

04/26/93

0.01

04/27/93

0.097

04/27/93

0.057

04/27/93

0.037

04/27/93

0.035

04/28/93

0.01

04/28/93

0.012

04/28/93

0.0075

04/28/93

0.016

04/28/93

0.02

11/08/93

0.02

11/09/93

0.095

11/09/93

0.014

11/10/93

0.02

11/10/93

0.02

11/10/93

0.02

03/14/94

0.02

05/02/94

0.02

05/02/94

0.011

05/03/94

0.15

05/04/94

0.13

05/31/94

0.02

10/24/94

0.02
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MWwW4

10/25/94

0.1

10/25/94

0.13

10/25/94

0.0098

10/27/94

0.02

10/27/94

0.02

10/28/94

0.0082

04/17/95

0.0075

04/17/95

0.0093

04/19/95

0.12

04/19/95

0.02

04/19/95

0.0082

10/16/95

0.00799

10/20/95

0.107

10/20/95

0.00307

10/23/95

0.00196

04/15/96

0.00342

04/16/96

0.0004

04/18/96

0.145

04/18/96

0.00367

04/18/96

0.004

04/18/96

0.004

10/15/97

0.0362

03/31/98

0.0029

03/31/98

0.00114

04/01/98

0.5

04/01/98

0.00114

04/01/98

0.00114

04/01/98

0.0008

04/02/98

0.00351

04/02/98

0.005

04/02/98

0.018

11/05/98

0.00719

11/06/98

0.49

11/06/98

0.00449

11/06/98

0.031

11/06/98

0.00189

11/06/98

0.00159

04/12/99

0.0251

04/13/99

0.0128

04/14/99

0.266

04/14/99

0.00093

04/19/99

0.00531

04/06/00

0.0165

04/07/00

0.00155

04/13/00

0.0141

04/14/00

0.279

November 2006

Page 57/90



Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MWwW4

04/14/00

0.228

04/24/00

0.124

04/05/01

0.00355

04/05/01

0.00355

04/06/01

0.191

04/13/01

0.252

04/23/01

0.0882

04/15/02

0.0136

04/16/02

0.00172

04/16/02

0.00115

04/24/02

0.0897

04/30/02

0.265

05/08/02

0.0961

04/08/03

0.0512

04/08/03

0.0529

04/14/03

0.0266

04/21/03

0.374

04/16/04

0.401

04/20/04

0.0332

04/20/04

0.0159

04/22/04

0.056

04/26/04

0.0105

04/26/04

0.0106

04/12/05

0.00802

04/13/05

0.0173

count

25

23

23

20

23

Median
values

0.02

0.15

0.014

0.02255

0.00355
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Nitrate (as nitrogen) (mg/L)

Date
sampled BW1 MW1 MW?2 MW3 MW4

10/14/91 5.1
10/15/91 5.5
10/15/91 4.3
10/16/91 5.6
10/16/91 5.6
07/29/92 5.4
04/26/93 4.6
04/26/93 4.5
04/27/93 5.5
04/27/93 5.0
04/27/93 4
04/27/93 3.7
04/28/93 5.7
04/28/93 54
11/08/93 4.9
11/09/93 5.4
11/09/93 4.2
11/10/93 5.9
11/10/93 5.8
11/11/93 1.9
03/14/94 15
05/02/94 4.70
05/03/94 5.0
05/03/94 3.9
05/04/94 5.2
05/31/94 1.2
10/24/94 4.90
10/25/94 5.2
10/25/94 5.2
10/25/94 4.3
10/27/94 5.6
10/27/94 5.7
10/28/94 0.6
10/31/94 5.7
04/17/95 5.00
04/17/95 4.7
04/19/95 5.5
04/19/95 0.14
04/19/95 0.15
04/15/96 4.65
04/15/96 4.05
04/15/96 4.05
04/16/96 5.65
04/18/96 5.2
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

04/18/96

1.89

04/18/96

1.92

04/28/96

04/23/97

5.2

04/23/97

1.2

04/24/97

3.70

04/24/97

2.8

10/15/97

4.9

10/15/97

5.1

10/15/97

1.81

10/16/97

3.93

10/16/97

4.05

10/17/97

5.75

03/31/98

6.08

04/01/98

5.4

04/01/98

1.71

04/01/98

1.92

04/02/98

3.44

04/02/98

3.56

11/05/98

5.36

11/06/98

5.4

11/06/98

4.00

11/06/98

4.4

11/06/98

11/06/98

2.05

11/06/98

2.05

04/12/99

4.08

04/13/99

6.15

04/14/99

5.2

04/14/99

1.9

04/19/99

3.72

04/06/00

5.55

04/07/00

04/13/00

4.15

04/14/00

4.5

04/14/00

4.4

04/24/00

3.45

04/05/01

1.59

04/05/01

1.61

04/06/01

6.75

04/08/01

2.59

04/13/01

3.0

04/23/01

3.35

04/15/02

04/16/02

1.85

04/16/02

1.75
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4
04/24/02 2.20
04/30/02 4.8
05/08/02 3.75
04/08/03 2.58
04/14/03 5.7
04/16/03 1.63
04/16/03 1.75
04/21/03 4.7
04/22/03 3.7
04/16/04 5.2
04/20/04 5.9
04/20/04 1.85
04/22/04 2.25
04/26/04 2.75
04/26/04 1.58
04/12/05 1.83
04/13/05 3.25
04/15/05 2.82
04/19/05 1.94
04/19/05 1.94
count 22 22 20 20 26
Median
values 5.675 5.195 3.825 4,025 1.83

1
STANDARD
DEVIATION | 0.712971 | 0.547111 | 1.091544 | 0.628916 | 0.537181
-1
STANDARD
DEVIATION | 4.962029 | 4.647889 | 2.733456 | 3.396084 | 1.292819
+1
STANDARD
DEVIATION | 6.387971 | 5.742111 | 4.916544 | 4.653916 | 2.367181
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

pH

Date
sampled

BW1

MW1

MW2

MW3

MW4

09/27/90

7.67

09/27/90

7.49

09/28/90

6.91

09/28/90

7.59

01/24/91

7.57

01/24/91

7.46

01/28/91

7.15

01/28/91

7.9

05/02/91

7.47

05/02/91

7.46

05/07/91

7.26

07/31/91

7.34

08/01/91

7.74

08/05/91

7.51

08/06/91

7.34

10/14/91

7.84

10/15/91

7.43

10/15/91

7.57

10/16/91

7.4

01/13/92

8.05

01/14/92

7.79

01/15/92

7.65

07/27/92

7.65

07/28/92

7.33

07/28/92

7.68

07/29/92

7.45

01/18/93

7.44

01/19/93

7.45

01/19/93

7.68

01/20/93

7.52

04/26/93

7.63

04/27/93

7.6

04/27/93

7.8

04/28/93

7.62

04/28/93

7.56

04/28/93

7.23

11/08/93

7.36

11/09/93

7.19

11/09/93

5.58

11/10/93

7.46

11/11/93

7.16

04/28/94

7.75

05/02/94

7.67

05/03/94

7.67
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

05/03/94

8.06

05/04/94

7.59

10/24/94

7.68

10/25/94

7.69

10/27/94

7.57

10/28/94

7.25

03/14/95

7.63

04/17/95

7.97

04/17/95

7.88

04/19/95

7.35

04/19/95

7.21

10/16/95

7.6

10/16/95

7.44

10/20/95

7.54

10/20/95

7.11

10/23/95

7.76

04/15/96

7.39

04/15/96

7.65

04/16/96

7.53

04/18/96

7.51

04/18/96

7.23

04/18/96

7.09

04/28/96

7.66

04/23/97

7.35

04/24/97

7.46

04/24/97

7.79

10/15/97

7.45

10/15/97

7.21

10/16/97

7.36

10/16/97

7.57

10/17/97

7.62

03/31/98

7.43

04/01/98

7.37

04/01/98

6.92

04/02/98

7.16

04/02/98

7.37

11/05/98

7.62

11/06/98

7.46

11/06/98

7.04

11/06/98

7.58

11/06/98

7.11

01/20/99

8.17

01/20/99

7.64

01/20/99

7.81

01/21/99

6.97

04/12/99

7.64
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

04/13/99

7.68

04/14/99

7.36

04/14/99

7.3

04/19/99

7.49

04/06/00

8.06

04/07/00

7.23

04/13/00

7.72

04/14/00

7.57

04/14/00

7.57

04/24/00

7.44

10/31/00

7.29

11/01/00

7.4

02/07/01

6.96

02/09/01

7.1

04/05/01

7.3

04/06/01

7.49

04/08/01

7.57

04/13/01

7.34

04/23/01

7.35

11/13/01

7.24

04/15/02

7.68

04/16/02

7.2

04/24/02

7.44

04/30/02

7.63

05/08/02

7.87

04/08/03

7.52

04/14/03

7.98

04/16/03

7.83

7.5

04/16/03

7.5

04/20/03

7.88

04/21/03

7.73

04/22/03

7.4

04/22/03

7.89

04/26/03

7.93

09/08/03

7.8

09/09/03

7.57

09/09/03

7.7

04/16/04

7.83

04/20/04

8.06

04/26/04

7.73

08/31/04

8.19

09/01/04

7.81

11/15/04

8.02

11/16/04

7.73

02/16/05

8.21

02/21/05

7.65
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4
04/11/05 7.75
04/12/05 7.85
04/13/05 7.1
04/15/05 7.51
04/19/05 7.07
04/06/06 7.39
04/10/06 7.78
04/12/06 7.64
04/13/06 7.56
04/18/06 7.24
count 32 32 30 28 25
Median
values 7.62 7.525 7.545 7.645 7.23

1
STANDARD
DEVIATION | 0.242766 | 0.207255 | 0.269015 | 0.438812 | 0.219507
-1
STANDARD
DEVIATION | 7.377234 | 7.317745 | 7.275985 | 7.206188 | 7.010493
+1
STANDARD
DEVIATION | 7.862766 | 7.732255 | 7.814015 | 8.083812 | 7.449507
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Sodium (total) (mg/L)

Date
sampled BW1 MW1 MW?2 MW3 MW4

01/24/91 50.2
01/28/91 56.5
01/28/91 55.4
04/01/91 51
04/01/91 50.3
04/02/91 55.4
04/02/91 55.3
10/14/91 55.1
10/15/91 50.7
10/15/91 55.9
10/16/91 57
01/15/92 49.1
04/26/93 45.7
04/26/93 55.4
04/27/93 45.7
04/27/93 52.8
04/27/93 45.7
04/27/93 55.5
04/28/93 54.7
04/28/93 46.9
04/28/93 47.4
04/30/93 46.9
11/08/93 55.4
11/09/93 50.9
11/09/93 51.5
11/10/93 56
11/11/93 46.2
10/24/94 53.9
10/25/94 53.6
10/25/94 53.2
10/27/94 56.9
10/28/94 67.1
03/14/95 51
04/17/95 46.8
04/17/95 49.9
04/19/95 52.1
04/19/95 80.7
04/19/95 75.9
10/16/95 47.9
10/16/95 49.2
10/20/95 52.2
10/20/95 76.6
10/20/95 78.5
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4

10/23/95 56.6
04/15/96 49.5
04/15/96 50.8
04/16/96 55.5
04/18/96 49.4
04/18/96 53.1
04/05/01 49.9
04/05/01 48.9
04/06/01 52.5
04/08/01 47.1
04/13/01 50.1
04/23/01 49.6
04/15/02 54.2
04/16/02 49.1
04/16/02 48.9
04/24/02 52.7
04/30/02 53.0
05/08/02 50.6
04/08/03 49.4
04/08/03 54.8
04/14/03 52
04/16/03 56.9
04/16/03 56
04/21/03 49.8
04/22/03 50.7
04/16/04 46.7
04/20/04 52.8
04/20/04 49.7
04/22/04 455
04/26/04 46.9
04/26/04 46.8
04/12/05 47.9
04/13/05 47.2
count 15 14 17 15 15
Median
values 52.8 50.5 49.6 50.7 53.1

1
STANDARD
DEVIATION | 3.345459 | 2.257503 | 3.845624 | 3.583494 | 12.93361
-1
STANDARD
DEVIATION | 49.45454 | 48.2425 | 45.75438 | 47.11651 | 40.16639
+1
STANDARD
DEVIATION | 56.14546 | 52.7575 | 53.44562 | 54.28349 | 66.03361
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Sulfate (mg/L)

Date
sampled

BW1

MW1

MW2

MW3

MW4

09/27/90

45.1

09/27/90

43.9

09/27/90

43.1

09/28/90

44.7

09/28/90

44.1

01/24/91

41.7

01/24/91

43.4

01/24/91

42.3

01/28/91

41.3

01/28/91

41.1

04/01/91

43.2

05/02/91

45.2

05/02/91

42.7

05/07/91

42.6

05/07/91

42.8

05/07/91

42.4

07/31/91

41.0

08/01/91

41.2

08/05/91

38.6

08/06/91

43.3

08/06/91

44.3

10/14/91

42.7

10/15/91

43.1

10/15/91

40.0

10/16/91

44.8

10/16/91

44.6

01/15/92

58.9

07/27/92

38.4

07/28/92

40.6

07/28/92

37.5

07/29/92

42.8

07/29/92

42.5

01/18/93

22.5

01/19/93

22.9

01/19/93

21.1

01/20/93

23.9

01/20/93

23.8

04/26/93

47.3

04/26/93

39

04/27/93

43.7

04/27/93

43.0

04/27/93

39.7

04/27/93

39.0
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,

Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

04/28/93

43

04/28/93

46.7

04/28/93

46.7

04/28/93

46.7

04/30/93

38.7

11/08/93

40.5

11/09/93

41.9

11/09/93

38.3

11/10/93

43.5

11/10/93

43.6

11/11/93

34.8

03/14/94

49.6

05/02/94

40.5

05/03/94

38.0

05/04/94

43.7

05/31/94

34.2

10/24/94

42.9

10/25/94

45.4

10/25/94

46.0

10/25/94

40.5

10/27/94

42.5

10/27/94

42.7

10/28/94

43.9

03/14/95

52

04/17/95

42.4

04/17/95

41.0

04/19/95

44.4

04/19/95

49.8

04/19/95

49.7

10/16/95

41.3

10/16/95

39.1

10/20/95

46.6

10/20/95

52.2

10/20/95

52

10/23/95

46.9

04/15/96

41.2

04/15/96

39.3

04/15/96

39.3

04/16/96

42.7

04/18/96

44.4

04/18/96

35.5

04/18/96

35.7

04/05/01

37.1

04/05/01

37.1

04/06/01

44

04/08/01

36.3
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4

04/13/01 44.3
04/23/01 44.3
04/15/02 47.1
04/16/02 38.3
04/16/02 38.2
04/24/02 40.9
04/30/02 45.6
05/08/02 38.4
04/08/03 41
04/14/03 447
04/16/03 41.5
04/16/03 425
04/21/03 44.9
04/22/03 40.4
04/16/04 45.0
04/20/04 43.9
04/20/04 42 .4
04/22/04 36.9
04/26/04 37.3
04/26/04 37.5
04/11/05 41.9
04/12/05 33.7
04/13/05 37.4
04/15/05 42.2
04/19/05 36.7
04/19/05 36.6
04/06/06 35.5
04/10/06 38.6
04/12/06 43.6
04/12/06 44.2
04/13/06 39.2
04/18/06 42.2
count 32 23 22 22 22
Median
values 43.45 43.7 41.1 39.15 38.5

1
STANDARD
DEVIATION | 6.079407 | 4.604608 | 4.95244 | 4.300239 | 6.089841
-1
STANDARD
DEVIATION | 37.37059 | 39.09539 | 36.14756 | 34.84976 | 32.41016
+1
STANDARD
DEVIATION | 49.52941 | 48.30461 | 46.05244 | 43.45024 | 44.58984

November 2006 Page 70/90



Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Uranium (total) (ug/L)

Date
sampled BW1 MW1 MW?2 MW3 MW4

10/24/94 7.84
10/25/94 1.34
10/25/94 5.48
10/25/94 4.82
10/27/94 5.09
04/17/95 6.64
04/17/95 5.49
04/19/95 6.17
04/19/95 6.5
04/05/01 5.37
04/05/01 5.53
04/06/01 5.9
04/08/01 4.61
04/13/01 5.27
04/15/02 6.63
04/16/02 6.24
04/16/02 6.19
04/24/02 6.72
04/30/02 5.09
05/08/02 5.68
04/08/03 6.48
04/08/03 6.78
04/14/03 6.61
04/16/03 6.45
04/16/03 6.52
04/21/03 5.12
04/22/03 5.86
04/16/04 5.45
04/20/04 7.19
04/20/04 5.12
04/22/04 5.55
04/26/04 6.07
04/26/04 6.2
04/12/05 6.54
04/13/05 5.14
count 5 6 8 7 9
Median
values 6.61 5.195 6.59 5.49 6.19
1
STANDARD
DEVIATION | 0.809308 | 1.617415 | 0.536828 | 0.463383 | 0.528772
-1
STANDARD
DEVIATION | 5.800692 | 3.577585 | 6.053172 | 5.026617 | 5.661228
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MW1 MW?2 MW3 MW4
+1
STANDARD
DEVIATION | 7.419308 | 6.812415 | 7.126828 | 5.953383 | 6.718772
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Zinc (total) (mg/L)

Date
sampled

BW1

MW1

MW2

MW3

MW4

09/27/90

0.096

09/27/90

0.074

09/27/90

0.097

09/27/90

0.086

09/28/90

0.18

09/28/90

0.094

09/28/90

0.029

09/28/90

0.01

07/27/92

0.094

07/27/92

0.01

07/27/192

0.105

07/28/92

0.021

07/28/92

0.01

07/28/92

0.018

07/28/92

0.06

07/28/92

0.01

07/28/92

0.071

07/29/92

0.055

07/29/92

0.01

07/29/92

0.041

07/29/92

0.01

07/29/92

0.062

01/18/93

0.075

01/18/93

0.069

01/19/93

0.01

01/19/93

0.074

01/20/93

0.11

01/20/93

0.12

04/26/93

0.01

04/26/93

0.069

04/26/93

0.073

04/27/93

0.011

04/27/93

0.0089

04/27/93

0.038

04/27/93

0.03

04/27/93

0.036

04/27/93

0.014

04/28/93

0.036

04/28/93

0.033

04/28/93

0.045

04/28/93

0.086

04/28/93

0.031

04/30/93

0.012
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

04/30/93

0.01

11/08/93

0.054

11/09/93

0.016

11/09/93

0.03

11/10/93

0.048

11/10/93

0.04

11/11/93

0.0057

03/14/94

2.1

05/02/94

0.098

05/03/94

0.017

05/03/94

0.019

05/04/94

0.016

05/31/94

0.14

10/24/94

0.068

10/25/94

0.028

10/25/94

0.024

10/25/94

0.043

10/27/94

0.037

10/28/94

0.07

03/14/95

0.04

04/17/95

0.014

04/17/95

0.0068

04/19/95

0.0044

04/19/95

0.07

04/19/95

0.069

10/16/95

0.018

10/20/95

0.00673

10/20/95

0.0597

10/20/95

0.0618

10/23/95

0.0636

04/15/96

0.104

04/15/96

0.011

04/15/96

0.011

04/16/96

0.0197

04/18/96

0.00636

04/18/96

0.0172

04/18/96

0.0179

08/27/98

0.023

08/27/98

0.023

04/12/99

0.0809

04/13/99

0.0241

04/14/99

0.00394

04/14/99

0.00394

04/14/99

0.507

04/19/99

0.0833

04/14/00

0.023
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled

BW1

MW1

MW2

MW3

MW4

04/05/01

0.452

04/05/01

0.441

04/06/01

0.255

04/08/01

0.0195

04/13/01

0.0257

04/23/01

0.0224

04/15/02

0.214

04/16/02

0.118

04/16/02

0.0969

04/24/02

0.0798

04/30/02

0.0587

05/08/02

0.25

04/08/03

0.167

04/08/03

0.159

04/14/03

0.035

04/16/03

0.0704

04/16/03

0.0705

04/21/03

0.0922

04/22/03

0.02

04/16/04

0.017

04/20/04

0.0551

04/20/04

0.0258

04/22/04

0.0576

04/26/04

0.019

04/26/04

0.0214

04/11/05

0.0127

04/11/05

0.0111

04/12/05

0.0245

04/13/05

0.0484

04/15/05

0.0222

04/19/05

0.023

04/19/05

0.0225

04/06/06

0.0197

04/10/06

0.0286

04/12/06

0.0111

04/12/06

0.0105

04/13/06

0.126

04/18/06

0.0455

count

27

28

24

23

25

Median
values

0.0455

0.016

0.071

0.03

0.069

1
STANDARD
DEVIATION

0.056875

0.018312

0.049163

0.053245

0.423607

-1
STANDARD

-0.01138

-0.00231

0.021837

-0.02324

-0.35461
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Date
sampled BW1 MwW1 MW?2 MW3 MwW4
DEVIATION
+1
STANDARD
DEVIATION 0.102375 | 0.034312 | 0.120163 | 0.083245 | 0.492607
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Zinc (dissolved) (mg/L)

Date
sampled BW1 MW1 MW?2 MW3 Mw4
01/19/93 0.01
01/20/93 0.11]
01/20/93 0.12
04/28/93 0.012
11/09/93 0.016
11/10/93 0.048
11/10/93 0.04
05/03/94 0.017
05/04/94 0.016
10/27/94 0.037
03/14/95 0.04
04/19/95 0.0044
10/20/95 0.00673
10/23/95 0.0636
04/16/96 0.0197
04/18/96 0.00636
04/12/99 0.0687
04/13/99 0.015
04/14/99 0.461
04/19/99 0.0657
04/11/05 0.00513
04/12/05 0.00886
04/13/05 0.00658
count 10 8 2 2 1
Median
values 0.04{ 0.008365 0.03728 0.03764 0.461
1
STANDARD
DEVIATION 0.037479] 0.005341] 0.040192] 0.043925
-1
STANDARD
DEVIATION 0.002521] 0.003024] -0.00291] -0.00629
+1
STANDARD
DEVIATION 0.077479] 0.013706| 0.077472] 0.081565
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

Appendix B: time-series analytical data plots
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

MWL --Alkalinity as CaCQO;

310

290 - .

270

250 -

o n

i 2
230 IS .

210 = 3

Alkalinity as CaCOs (mg/L)

190 + [ X .

4

170
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Date sampled

¢ BW1 s MW1 MW2 :x MW3 x MW4
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

MWL --total Fe concentrations

1.8 = L

1.6

1.4

1.2
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0.4 1
X
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

MWL--total Mn concentrations
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

NOs (mg/L)

MWL --NOz concentrations
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

MWL --pH
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
Mixed Waste Landfill, Sandia National Laboratories

MWL --Na concentrations
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Evaluation of the Representativeness and Reliability of Groundwater Monitoring Data,
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MWL--dissolved Zn concentrations
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Groundwater Monitoring Data for MW5

Sample
Date

01/17/01
01/17/01
04/16/01
04/16/01
07/24/01
07/24/01
10/08/01
01/30/02
01/30/02
04/17/02
07/23/02
07/23/02
10/15/02
04/09/03
04/21/04
04/06/05
04/14/06

Calcium Aluminum Sulfate

mg/L

77.7
73.3
72.7
84.1
79.5
78.9
84.6

88
86.8

(total)
mg/L
0.136

0.0766
0.0911
0.0172
0.0172
0.063
0.0509
0.0562
0.0172
0.0239
0.0344
0.00454
0.0111
0.00454
0.0413
0.0244

mg/L
56.8

52.0
52.4

50.6
55.8
55.2
56.8
52.5
54.2
57.0
56.8
54.3
46.7
54.7

Barium Uranium
(Total) (Total)

mg/L mg/L
0.133
0.134 9.23
9.03
0.133
0.146 9.53
0.149 9.56
0.151 9.91
0.141 9.37
0.132 8.86
0.130 8.86
0.134 9.44
0.129 9.53
0.133 9.58

November 2006

Zinc
(Total)
mg/L
0.0092

0.00577
0.00632
0.00572

0.0051

0.0124
0.00839
0.00774
0.00392
0.00362
0.00366
0.00525
0.00513
0.00514

0.0173

0.0077
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Notes for Volume I, Tab 12:

The document included herein includes reference to a sampling and
analysis plan that was appended to the “Mixed Waste Landfill
Corrective Measures Implementation Work Plan, November 2005,”
developed in response to a November 2006 request by NMED to obtain
more current soil-gas volatile organic compound (VOC) and tritium
data, and to sample for possible radon emissions at the Mixed Waste
Landfill (Justification Binder Volume I, Tab 9). The sampling and
analysis plan, entitled “Appendix A, Sampling and Analysis Plan for
Soil Gas Volatile Organic Compounds, Tritium, and Radon at the Mixed
Waste Landfill” and dated December 2006 can be found in Justification
Binder Volume I, Tab 1.









Sandia Corporation
Albuquergue, New Mexico
December 15, 2006

DOE/Sandia Responses to NMED’s
“Notice of Disapproval: Mixed Waste Landfill Corrective
Measures Implementation
Work Plan, November 2005

Comment Set 1

INTRODUCTION

This document responds to the first set of comments received in a letter from the New
Mexico Environment Department (NMED) to the U.S. Department of Energy (DOE) and
Sandia Corporation (Sandia) on November 24th, 2006 regarding the Mixed Waste Landfill
(MWL) Corrective Measures Implementation (CMI) Plan for Sandia National Laboratories
(SNL). The letter is entitled “Notice of Disapproval: Mixed Waste Landfill Corrective
Measures Implementation Work Plan, November 2005, and Requirement for Soil-Vapor
Sampling and Analysis Plan, Sandia National Laboratories” [EPA ID NM5890110518,
HWB-SNL-05-025].

The NMED letter contains two sets of comments, divided based on subject. The first set is
entitled, “Part 1, Comments on Landfill Construction Plans and Performance Modeling”.
The second set is entitled, “Part 2, Comments on the MWL Fate and Transport Model
(Appendix E)”. The NMED letter also includes a request for a Soil-Gas Sampling Plan to
obtain more current soil gas data.

This response document provides the first set of NMED comments, and DOE/Sandia’s
responses. NMED comments are listed in boldface, followed by the DOE/Sandia response,
written in normal font under “Response”. This document also contains a sampling and
analysis plan (SAP) requested by NMED to obtain more current data on volatile organic
compounds (VOCs), tritium, and radon at the MWL. The SAP is presented in Appendix A.

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company,
for the United States Department of Energy’s National Nuclear Security Administration under
Contract DE-AC04-94AL85000.
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Part 1. Comments on Landfill Construction Plans and Performance Modeling

1. -- Executive Summary, Page iii, last bullet -- Define the term **climax ecological
community”’.

Response: The term “climax ecological community” is a term for a late or final stage in the
development of an ecological community in which the composition of plants and animals is
relatively stable and well-matched to environmental conditions. In the case of the MWL, the
climax ecological community would be classified as Desert Grassland (Dick-Peddie, 1992),
under current climatic conditions.

2. Section 2.1 -- Provide a more detailed schedule that, at a minimum, indicates
completion times for the following cover and project elements: subgrade, bio-intrusion
barrier, native soil layer, topsoil layer, seeding, fencing, overall completion of project,
and submittal of Corrective Measures Implementation (CMI) Report to NMED. As the
actual start time is dependent on when the CMI Plan is approved, the completion times
can be proposed as the number of days from the start time (assume the start time =0
days).

Response: A detailed schedule for the cover construction activities is presented below.
Subgrade preparation activities should be completed by December 31, 2006. The
cumulative schedule assumes approval to install the cover is received at start time T=0 days
(To). Assumptions include the following:

1) NMED approves the SAP for soil gas VOCs, tritium, and radon at the MWL within
fifteen days of receiving the document, allowing rapid implementation of the soil gas
sampling activities.

2) DOE/SNL complete the soil gas and tritium sampling activities by mid-January, and
cover construction activities are initiated shortly thereafter, allowing the current
MWL field crew and heavy equipment to be retained.

3) The cover start time Ty assumes full NMED approval of the MWL cover design
presented in the CMI Plan (SNL/NM November 2005), as well as approval of the
DOE/SNL responses to the Part 1 NOD comments.
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Task Cumulative
Duration Time From T
TASK (Working (Calendar ’
Days) Days)
Receive Approval To Install Cover (To) 0 days 0
Screen Native Soils at the Borrow Areas 50 days 78
Extend MWL-MW4 Well Casing; Service Pump and Packer 20 days 44
Haul and Place Bio-Intrusion Barrier Rock 45 days 62
Haul Native Soil from Borrow Areas to MWL 30 days a7
Place Native Soil Layer 50 days 132
Procure 3/8" Crushed Gravel for Topsoil Layer 20 days 103
Stockpile Topsoil 14 days 93
Blend 3/8" Gravel with Topsoil 15 days 118
Haul and Place Topsoil Layer 30 days 190
Seed Cover and Surrounding Area 10 days 204
Install Fencing 10 days 218
Demobilize 20 days 225
Overall Completion of the Cover Construction Project 209 days 225
Submit Corrective Measures Implementation Report to NMED 130 days” 407

'Subgrade preparation should be completed by 12/31/2006
2180 calendar days

3. Section 5.2.2.1.1, last paragraph -- Describe the rainfall event that was simulated in
the second in situ test.

Response: A short-duration rainfall-simulation study was undertaken in 1998 to estimate
evapotranspiration rates following natural rainfall events, and to provide infiltration and
percolation data useful for fitting unsaturated models (SNL, April 1999; Wolford, 1998). A
10 ft by 10 ft plot was established approximately 100 ft northwest of the MWL IP test plot,
located approximately 500 ft west of the MWL. A neutron access tube was installed in the
center of the plot, and initial moisture contents were measured using gravimetric samples and
neutron logging prior to initiating the rainfall event.

The simulated rainfall event consisted of applying 80 gallons (303 liters) of water, equal to
1.28 inches over 100 ft2, to the plot over a period of 38 minutes during the afternoon of
August 20, 1998. The water was distributed uniformly over the plot by subdividing the plot
into 4 quarters, and sprinkling from a hose for known time periods on each section of the
plot.

The soil within the plot was subsequently sampled at 3-inch depth increments between
August 20 1998 and September 30, 1998 to obtain soil-water content values over time
following application of the water. The data collected were used to fit infiltration and
unsaturated flow parameters, as well as to estimate evapotranspiration rates for modeling
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purposes. Additional details on the artificial rainfall experiment simulated in the second in
situ test are presented in Wolford, 1998.

4. Section 5.2.2.2, 1st paragraph on page 5-4 -- Specify whether the degree of
compaction was measured using the standard or modified proctor test.

Response: The degree of compaction was measured using Standard Proctor tests. The
results are tabulated in Attachment C of Appendix A, “Geotechnical Report”, in the
document, "Deployment of an Alternative Cover and Final Closure of the Mixed Waste
Landfill, Sandia National Laboratories, New Mexico™ (SNL September 1999).

5. Section 5.3.2.4, next to last sentence —This sentence refers to a sand layer with an
initial water content of 0.036 cubic centimeters being used for a boundary condition,
Normally, water content of soil is expressed as a percentage (of the ratio of the mass of
water per the mass of solids, or in the case of volumetric water content the ratio of the
volume of water to the total volume of soil). Confirm whether this value and unit of
measurement are correct.

Response: The units for initial water content in the next-to-last sentence in Section 5.3.2.4
were incorrect. This sentence should read, “Instead, a coarse sand layer with an initial water
content of 0.036 cm*/cm® was used for its lower boundary condition”.

The text in this section has been revised accordingly.

6. Section 5.7.1 -- Specify the values used for the variables R, K, LS, VM and sources
of the values used in the MUSLE equation to predict soil loss by water erosion.

Response: The calculation set for potential soil loss from the MWL cover using the
Modified Universal Soil Loss Equation (MUSLE) was originally presented in Appendix D of
the document, “Deployment of an Alternative Cover and Final Closure of the Mixed Waste
Landfill, Sandia National Laboratories, New Mexico” (SNL/NM September 1999). A copy
of this calculation set, entitled “Erosion and Slope Stability Calculations”, is included as
Attachment 1 to this NOD response. This calculation set includes copies of the tables and
figures from which the variables R, K, LS, and VM were determined.

References used to prepare this calculation set include

e Geotechnology of Waste Management, 2nd Ed., Issa S. Oweis, Raj P. KHera,
February, 1998.

e AGRA, Mixed Waste Landfill Cover, Tabulation of Test Results performed by
AGRA Earth & Environmental on May 17, 1999.
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Values used for the variables and sources for the values are shown in the table below.

Parameter Variable Value Additional Information

Rainfall Factor R 35 Determined from isoerodent map of the western United
States, illustrating average annual values of the rainfall
factor, R. See Figure 1, Sheet 9 of Attachment 1.

Soil Erodibility Factor K 0.44 Approximate value of K, based on a loamy very fine sand

with organic content < 0.5%. See tabulation of AGRA test
results, Table 1, Sheet 10 of Attachment 1; K determined

from Table 2, Sheet 12, of Attachment 1.

Topographic Factor for LS 0.28 See Sheets 5 and 6 of Attachment 1.
Cover
(2% slope)
Topographic Factor for LS 1.32 See Sheets 5 and 6 of Attachment 1.
Sideslope (16.7%
slope)
Erosion Control Factor VM 0.06 Assumes no vegetation was yet established; that straw
for Cover (no mulch had been applied to the cover and side-slopes at 2
vegetation) tons/acre, and that the mulch was crimped into soils with a

disk. See Sheet 7 and Sheet 14 of Attachment 1.

Erosion Control Factor VM 0.11 Assumes no vegetation was yet established; that straw
for Sideslope mulch had been applied to the cover and side-slopes at 2
(no vegetation) tons/acre, and that the mulch was crimped into soils with a
disk. See Sheet 7 and Sheet 14 of Attachment 1
Erosion Control Factor VM 0.01 Assumes that vegetation is established on both the cover
for Cover and Sideslope and side-slopes 12 months after seeding, and assumes
(vegetation established) that one-half the straw mulch remained. See Sheet 8 and

Sheet 15 of Attachment 1.

7. Section 5.7.2 -- Specify the values used for the variables I, k, C, L, V and sources of
the values used in the WEQ equation to predict soil loss by wind erosion.

Response: The calculation set for potential soil loss from the MWL cover using the Wind
Erosion Equation (WEQ) was originally presented in Appendix D of the document,
“Deployment of an Alternative Cover and Final Closure of the Mixed Waste Landfill, Sandia
National Laboratories, New Mexico” (SNL/NM September 1999). A copy of this
calculation set, entitled “Erosion and Slope Stability Calculations™, is presented as
Attachment 2 to this NOD response. This calculation set includes copies of the tables and
figures from which the variables I, k, C, L, and V were determined.

References used prepare this calculation set include

e Natural Resources Conservation Service (NRCS) National Agronomy Manual, 190-
V-NAM, 2nd Ed., Part 502, March 1988.

e 2) N.P. Woodruff and F.H. Siddaway, 1965. “A Wind Erosion Equation,” Soil
Science Society of America Proceedings, Vol. 29, No. 5, Pages 607-608.
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Values used for the variables and sources for the values are shown in the table below.

Parameter Variable Value Additional Information
Soil Erodibility Index I 134 Based on erodibility index for a loamy very fine sand,
for Cover (2% slope) tons/acre/year | as determined by AGRA test results. See Sheet 2, 9
and 11 of Attachment 2.

Soil Erodibility Index 188 Based on erodibility index for a loamy very fine sand,
for Sideslope tons/acre/year | as determined by AGRA test results. See Sheets 3, 9
(16.7% slope) and 11 of Attachment 2.

Total Surface k 1.0 Based on the assumption that the engineered cover
Roughness (Cover and sideslopes will be smooth and without ridges.
and Sideslope) See Sheets 3, 4, 13 and 14 of Attachment 2.
Climatic Factor C 120 Index of the relative erosivity by geographic location.
See Sheets 5 and 15 in Attachment 2.
Unsheltered Distance L 524 ft Field length along the prevailing wind direction. See
(Cover) Sheets 5 and 15 of Attachment 2.
Unsheltered Distance L 25 ft Field length along the prevailing wind direction. See
(Sideslope) Sheets 5 and 15 of Attachment 2.
Y, 4,500 small Assumes no vegetation was yet established; that
Vegetative Cover grain equivalent | straw mulch had been applied to the cover and side-
Factor (Cover) slopes at 2 tons/acre, and that the mulch was crimped
into soils with a disk. See
Vegetative Cover \% 3,200 small Assumes vegetation is established on cover and
Factor (Sideslope) grain equivalent | sideslopes 12 months after seeding, and one half the
straw mulch remains. Also assumes that 400 small
grain equivalent of native grass is established on
cover and sideslopes.

8. Section 7.0 -- The NMED expects the vadose zone to be monitored for volatile organic
compounds, tritium, and radon, in addition to soil moisture. The NMED may also
require soil-gas monitoring to be conducted at depths other than at 173 feet, as implied
by the Permittees in the second paragraph of Section 7.1. Monitoring details will need
to be included in the long-term monitoring and maintenance plan, due within 180 days
following approval of the CMI Report. No response is required at this time.

Response: DOE/Sandia are proposing a robust soil-gas monitoring system for long-term
monitoring at the MWL.. The soil-gas monitoring system will serve as an early-warning
system to protect groundwater from potential migration of contaminants. Additional
information regarding the proposed monitoring, including the parameters and depths to be
monitored, will be included in the DOE/Sandia responses to the second set of comments
within this NOD (Part 2). Further details will be included in the Long Term Monitoring and
Maintenance Plan (LTMMP), to be submitted within 180 days of the NMED’s approval of
the MWL CMI Report.

9. Figure 5-1 -- Clarify which curves are representative of the PET data from the four
National Weather Service stations in New Mexico and which are representative of the
predicted PET data.

Response: The PET curves for the Cochiti, Elephant Butte, Socorro, and Bosque del Apache
National Weather Service Stations are delineated by wider lines and have no symbols. The
curves representing the PET data predicted by HELP-3 are delineated by much narrower
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lines, and have symbols identifying the monthly PET values predicted by the model.

10. Appendix A, Construction Specifications, Section 02930, Reclamation seeding and
Mulching, Part 3.1.2, #1 -- Explain why the TA-3 borrow pits are not to be reseeded by
the contractor, given that erosion of the borrow pits should be prevented.

Response: Once the MWL cover has been constructed and the TA-3 borrow pits are no
longer required for environmental restoration activities, they may be transferred over to
Sandia Facilities for continued use at Sandia. However, if the TA-3 borrow pits are not
needed by Facilities, they will be seeded and reclaimed as described in Appendix A,
Construction Specifications, Section 02930, Reclamation Seeding and Mulching.

11. Appendix A, Construction Specifications, Section 02200, Earthwork Part 3.3.3, #4 -
- The Permittees should consider changing the requirement that no proof rolling be
conducted within 2 feet of any groundwater monitoring well, measuring device, or other
placed surface. The NMED strongly suggests changing the requirement to preclude all
heavy equipment from operating within 3 feet of wells or other measuring devices.

Response: The requirement will be changed to preclude all heavy equipment from operating
within 3 feet of any monitoring well or measuring device.

12. Appendix A, Construction Specifications, Section 02200, Earthwork Part 3.3.4, #8
and Part 3.3.6., #9 -- Both of these sections contain language stating that nonconforming
work shall be redone until the specifications are attained "or the Operator accepts the
placement conditions”. Please note that the NMED expects construction of the cover to
comply substantially with the specifications in the approved CMI Plan. Failure to
achieve the specifications in the approved CMI Plan, or obtain an NMED-approved
change, could lead to disapproval of part or all of the constructed cover.

Response: Sandia fully expects to construct the MWL cover to meet all specifications
identified in the CMI Plan. If these specifications cannot be met for any reason, the NMED
will be informed of these discrepancies and a mutually-acceptable corrective action will be
determined and implemented.

13. Appendix A, Construction Specifications, Section 02200, Earthwork Part 3.3.6 --
The NMED strongly recommends that the Permittees add to the specifications for
construction of the native soil layer a requirement for a minimum number of passes
with compaction equipment.

Response: Part 3.3.6 of Section 02200 describes the installation of the native soil layer. Item
5 of Part 3.3.6 states that for each lift “The Contractor shall compact to not less than 90
percent of maximum dry density at -2 to +2 percentage points of optimum moisture content,
as determined by ASTM D698 (Standard Proctor testing).” Item 9 of the same section
further states that “Lifts not compacted to the density and moisture content specifications or
not meeting the requirements of this specification shall be reworked to the full depth of the
lift and recompacted until the specifications are attained or the Operator accepts the
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placement conditions.”

With the requirement that the lifts be compacted, and tested to meet a specified compaction,
it is not necessary to count the number of passes of compaction equipment, as long as the
construction specifications are met.

14. Appendix B, Construction Quality Assurance Plan, Section 2.6.3, first sentence —
Clarify what is meant by the first sentence: ""The CQA Certifying Engineer is
responsible for...certifying the CQA document has been approved by the NMED™. Did
the Permittees intend, instead, to require that the CQA Certifying Engineer be
responsible for certifying the results of the CQA Report that is to be submitted for
NMED approval? If so, the first sentence should be revised to state ""The CQA
Certifying Engineer is responsible for certifying in a statement to the owner and the
NMED that, in his or her opinion, the cover has been constructed in accordance with all
plans and specifications™. The next sentence of the paragraph explains further that the
certification statement would normally be included in a CQA Report.

Response: The first sentence will be revised to state "The CQA Certifying Engineer is
responsible for certifying in a statement to the owner and the NMED that, in his or her
opinion, the cover has been constructed in accordance with all plans and specifications.”

15. Appendix B, Construction Quality Assurance Plan, Section 8.7 -- The Final Report
must be submitted to the NMED as part of the CMI Report. The Final Report must
include copies of all quality control data generated by the construction contractor as
well as the quality assurance data generated by the CQA contractor.

Response: The Construction Quality Assurance Plan will include all quality control data
generated by the construction contractor as well as quality insurance data generated by the
CQA contractor. The Construction Quality Assurance Plan will be submitted to the NMED
as part of the CMI Report.

16. Demonstrate with calculations and other information whether run-off and run-on
controls have been adequately designed to handle peak precipitation events. Evaluate
and discuss whether additional run-on controls should be constructed at locations
further away from the landfill (e.g., at distances of 25 to 50 meters) to provide more
protection for the cover from heavy rainfall events.

Response: Calculations have been prepared regarding the adequacy of the run-off and run-
on controls for handling peak precipitation events. The complete calculation set and
supporting exhibits are presented in Attachment 3. The calculation results are summarized
below.

The site will be graded such that runoff from the site flows north, west and east. There is a
high point on the north side of the site that prevents flow from running onto the site. Two
swales will be provided to carry the flow to the north or the south. This may be seen in
Exhibit 1: Mixed Waste Landfill Final Cover Grading Plan”, included in the complete
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calculation set (Attachment 3).

The watershed basin draining onto the site has been delineated and is shown on Exhibit 2 of
Attachment 3. It is divided in to a north basin and a south basin that drain to the north and
south swales respectively.

Runoff was calculated using the City of Albuquerque Development Process Manual (City of
Albuquerque 2006) criteria for the 100 year —6 hour storm. The north basin generates 24 cfs
and the north swale has the capacity for 79 cfs. The south basin generates 6.5 cfs and the
capacity of the south swale is 58 cfs.

The swales are therefore sized with abundant capacity to prevent flow from entering the site
and to carry the runoff around the site.

The general drainage pattern in this area is a gentle slope to the west. After the flow is
discharged from the site, it drains westward and no additional controls are needed. Exhibit 2
shows the topography up to a minimum of 200 feet beyond the site to illustrate this.

17. ldentify the criteria to be applied to determine whether the establishment of
vegetation on the final cover is acceptable, including, but not limited to, species
diversity, plant survival, and the extent of ground cover. Explain how measurements
will be conducted in the field to assess these criteria.

Response: Establishment of the desired vegetation community on the MWL cover is
anticipated to be the result of a successional process. Ecological succession is a generally
predictable pattern of orderly changes in the composition or structure of an ecological
community. Succession on the MWL will be initiated by the formation of this new,
unoccupied habitat on the cover.

The MWL cover will be seeded with grass species that have been identified as native to the
surrounding area. These grasses will eventually out-compete the weedy plants that dominate
early in plant community succession. The final cover soil has been collected from the local
area in order to provide the correct growing substrate for the seeded plant species. This soil
is expected to contain a significant amount of weed seed, including large amounts of Salsola
tragus seeds, commonly known as Russian thistle or tumbleweed. No supplemental watering
is planned for the MWL, although supplemental watering is widely recommended to
facilitate establishment of native plants in a chosen area. Due to a large amount of weed
seeds and no supplemental watering, the early succession period is anticipated to be long.

Mature Plant Community Criteria

Vegetation on the MWL cover will be surveyed by a qualified biologist on a regular basis.
This survey will include:

e |dentification of any barren areas

e Identification of all plant species present on the cover
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e Quantification of plant species present on the cover

Plant species will be identified according to their scientific names. Plant species will be
quantified by determining the percent cover of each actively photosynthesizing species
contained within a one-meter by one-meter survey quadrat. These quadrat survey locations
will vary across the cover at the time of each inspection in order to best reflect plant cover
across the MWL.

The mature, secondary plant community will be achieved when greater than 50% of the
photosynthesizing foliar coverage is comprised of grass species native to the general TA-1II
area.
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General Comments and Requirements for Soil-Gas
Sampling

As the Permittees are aware, most site characterization data for the MWL (other than
groundwater data) dates before the mid 1990's. Because the rupturing of containers
and the leaking of their contents could have occurred since the mid 1990's, the NMED
requires more current soil-gas data to help resolve this issue. The Permittees shall
therefore collect and analyze active soil-gas samples taken at depths of 10 and 30 feet at
a minimum of three locations within the landfill where previous sampling has detected
the highest soil-gas concentrations in the past. The soil-gas samples shall be analyzed
for volatile organic compounds, tritium, and radon. Pursuant to Section VI.A of the
Order on Consent (April 29, 2004), the Permittees shall provide for approval to the
NMED within 30 days of receipt of this letter a work plan to conduct the active soil-
vapor sampling described above. The work plan shall be prepared in accordance with
Section X.B of the Consent Order.

Response: A work plan has been developed which presents plans for sampling and analysis
of soil gas at six locations within or adjacent to the MWL, and at two background locations.
Soil gas samples will be collected at depths of 10 and 30 feet, and analyzed for VOCs. Soil
samples will be collected from the same locations and depths, and analyzed for tritium in soil
moisture. Samples for analysis of radon are difficult to obtain from soil gas samples; instead,
radon sampling is proposed to be conducted along the MWL perimeter once the MWL cover
has been completed.

The sampling and analysis plan for soil gas VOCs and tritium and radon is presented in
Appendix A.
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Attachment 1

Universal Soil Loss Calculations for the MWL Cover
Using the

Modified Universal Soil Loss Equation (MUSLE)
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2.2 $OIL CLASSINICATION

Table 2.6

Soll symbols used . USDA sull type o siate o UsDA symbol
in USDA Gravel g
Sand S
Siit Si
Clay
Loan (sand, silt, q.lay, and huwmus nixtuse) L
Coarse C_o
Fine F
o
Figure 2.
- ’ 100
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338 Chapler 12 | Caps "Shee'f‘ | 2 c:‘( /5’
Example (2.3 A landfill in south New Jersey is designed to bave & cover with a slope of 5%
of a top plateau extending from a central ridge (high point} for a distance of
300 fr. Beyond this distance, the cover slopes down to the toe at a grade of 1V
on 4H. The upper cover component is loamy sand with 2% organic content.
Giass is the only means of erosion control. Determnine the expected soil loss
from sheet fow.
Solution: From Figure 12.7, R = 200. From Table 129, K = 0.1. From Eq,
12.21: : :
LS (top plateau), m = 0.4
LS = (300/72.6)>4{65 x 25 + 450 x 5 + 650)/(25 + 10,000) = 0.794
LS (side slope), m = 0.6
LS = (500/72.6)°5(65 x 625 + 450 x 25 + 650)/(625 + 10,000} = 15.73
To determine the soil lass, we begin by using Eq. 12.20 for the top platean:
A = 200(0.1(0.79XV M) = 15.8(V M}
From Table 128, the VM factors are 0.4, for grass seedings less than 2
months old, 0.05 for those 2 to 12 months old, and 0.01 for those over 12
Table 2.
Approxlmate values of ORGANIC MATTER CONTENT
factor K for USDA . "
textural classification Texture class "};" 2‘? ',('
' Sand 0.05 003 002
Fine sand 0.16 0.14 0.10
Very fine sand 042 - 0.36 0.28
Loamy sand 012 0.10 0.08
Lo gand 0.24 020 0.16
—— | Loamy very fine sand 0.44 038 0,30
“Sandv loam 0.07 094 019
bine. sanuy toam XL 050 0.24
Very fine sandy loam 047 0.41 033
Loam 0.38 0.34 0.29
Silt loam 048 042 0.33
sk 0.60 0.52 0.42
Sandy clay loam 0.27 0.25 0.21
Clay Joam 0.28 0.25 0.21
Silty clay loam 0.37 0.32 0,26
Sandy clay 0.14 0.13 0.12
Sikty clay 0.25 023 0,19
Clay 0.13-0.29
The values shown are estimated averages of braad ruiged of specific-soil
valoes When 3 2xipre is paar the borderline of {wo lexourw classcs, nse the
sverige of the two K waluey, :
Sowrie: Lultcn £ al, 1979
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Siew ax hay ailches appiiod 10 steep coostruc-
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wat evidence of srogion from Sow beneath the straw.
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Table 4,

Typical VM factor

values

Cendition VM factor
Bare soil condition
Freshly disked, 6-8 in. 1.0
After one rain 0.89
Loose, 12 in. thick
Smooth 0.9
Rough 0.8
Compacted bulldozer scraped up and down 13
Same except roots raked 12
Compacted bulldozer scraped across slope 1.2
Rough irregular tracked in all directions 0.9
Seed and fertilize fresh 0.9
Same after 6 months 0.54
Compacted fil ) 124-171
Saw dust, 2 in. deep disked in 0.61
Dust binder
605 galfacre 105
1210 gal/acre 0.29-0.78
Hydromulch (wood fiber slurry), fresh
1000 1b/acre 0.05
1400 Ib/acre 0.01-0.62
Seedings
Temporary, 0-60 days 04
After 60 days 0.05
Permanent, 0-60 days 0.4
2-12 monihs 0.05
== Afier 12 months 0.01
Excelsior blanket with plastic net 0.04-0.1

-
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