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1.0 INTRODUCTION

The Interim Response Action (IRA) for the South Tank Farm Plume

(STFP) is being conducted as part of the Remediation of Other

Contamination Sources IRA for the Rocky Mountain Arsenal (RMA) as
defined in the Federal Facility Agreement (FFA). This IRA is

being undertaken by Shell Oil Company (Shell) in accordance with

the procedures set forth in the FFA.

In 1989 Shell proposed, and the Army and EPA agreed, that the
STFP be added to the list of Other Contamination Sources IRAs.
At that time, based on available data, the objective of this IRA

was to prevent the migration of the plume from reaching Lake
Ladora prior to the implementation of the final remedy. However,

recent investigations have shown that the STFP is not expected to

reach Lake Ladora. In accordance with the recent observations,

the Final Decision Document for this IRA, issued May 8, 1991,

selected groundwater monitoring as the appropriate course of

*action.

The STFP is located in the southern half of Sections 1 and 2 on
the RNA (Figure 1). The STFP is a composite plume of benzene,
toluene, xylenes (collectively referred to as BTX),
bicycloheptadiene (BCHPD) and dicyclopentadiene (DCPD) dissolved

in the uppermost water-bearing zone (WBZ1) groundwater. The STFP
primarily originates from a light nonaqueous phase liquid (LNAPL)

plume located adjacent to Tank 464A (Figure 2).

The objective of this IRA is to monitor the STFP to: 1) verify

the data upon which conclusions on the rate of contaminant

migration have been made; and 2) verify the location of the

leading edge of the dissolved plume over time.

A cost estimate and schedule have been prepared for this IRA and
are included. The estimated cost for completing this IRA is

* 1-1
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$325,000.00. The deadline for completion of this project (an

W "IRA Deadline" under the FFA) is May 13, 1994, subject to
extension as described in Section XXVI of the FFA. Intermediate
dates shown in this document comprise the "Schedule" (as defined

in the FFA) and are not "Deadlines" under the FFA.

1
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MEMORANIDUM OF UNDERSTANDING BETWEEN
TSR DEPARTMENT OF THE ARMY AND SHELL OIL COMPANY

WMT RESPECT TO

RESPONSE ACTION WORK CONDUCTED PURSUANT TO THE
FEDERAL FACILITY AGREEMZNT

I. PATU-

This Memorandum of Understanding (61=OU) specifies th.e
cooperative undertakings which are to occur between the Army (a
potentially responsible party under CERCLA) and Shell (a
potentially responsible party under CERCL•) with respect to any
Scope of Work developed pursuant to the Federal Facility
Agreement now or hereafter attached as an exhibit to this ?IOU.

The purpose of this MOU is to provide an appropriate
basis pursuant to the Federal Facility Aqreement for Shell to
participate in the expeditious (a) assessment, selection, design
and implementation of an IRA or (b) operation and maintenance of
any Response Action Structure.

Ill. flZZZNjZZQU

The folloving terms, used in the PIOU, shall have the
meanings indicated:

(a) 6Aryv means the United States Department of
the Army, and any successors or assigns thereof, and any agency,
office or other subdivision thereof; and includes the officers,
members, emnloyees and aqents of the Army when acting within the
scope of their authority.

(b) hArsenal- means the United States property
known as the Rocky Mountain Arsenal and described more
particularly on Exhibit A hereto.

(c) •CZRCTZA means the Comprehensive Environmental
Response, Compensation and Liability Act of 1950, as amended by
the Supertund Amendments and Reauthorization Act of 1986.

(d) gContractorg means any commercial party not a
part of Shell with which Shell contracts for the performance of
Response Action york pursuant to this MOU. Unless othervise
indicated, the term also includes a subcontractor retained by a
prime Contractor or another subcontractor.



(e) oFederal Facility Agreement* means the Feder3..
Facility Agreement for Rocky Mountain Arsenal, effective
February 17, 1989, including all exhibits thereto (and any
amendments or modifications thereof or supplements thereto).

(f) OFinancial ManualO means the document
identified in paragraph 7.4 of the Settlement Agreement.

(q) OForce MajeureO means any event arising fram
causes beyond the control of an Organization that causes a delay
in or prevents the performance of any obligation under this Mot.
"Force MaJeure' includes, but is not limited to: acts of God:
fire; war: insurrection: civil disturbance: explosion:
unanticipated breakage or accident to machinery, equipment or
lines of pipe, despite diligent maintenance: adverse weather
conditions which could not be reasonably anticipated: unusual
delay in transportation: earthquake: restraint by court order or
order of public authority; inability to obtain, at reasonable
cost and after exercise :f reasonable diligence, any necessary
authorizations, approvals, permits or licenses as a result of the
action or inaction of any governmental agency or authority other
than the Army; delays caused by compliance with applicable
statutes or requlations governing contracting, procurement or
acquisition procedures, despite the exercise of reasonable
diligence; and insufficient availability of appropriated funds,
if the Army shall have made timely request for such funds as par,
of the budgetary process. wForce Majeure" also includes any
strike or labor dispute, whether or not within the control of t:he
Organization affected thereby, hut shall not include increased
costs or expenses of Response Actions, whether or not anticipated
at the time such Pesponse Actions were initiated.

(h) OIRA. means an Interim Response Action
identified in Section XXII of the Federal Facility Agreement.

(i) Otoad PartyO means the Organization that is
designated with responsibility, in accordance with Section XLI:I
of the Federal Facility Agreement, for conducting a Response
Action, or any part thereof.

(j) OOU0 or 'Memorandum of Understanding' means
to this entire document and any amendments or modifications
hereof and supplements hereto, and all documents incorporated
herein by reference.

(k) 0NCP' means the National Oil and Hazardous
Substances Pollution Contingency Plan, 50 Fed. Reg. 47912 (1985)
(effective February 18, 1986), and all amendments thereto which
are not inconsistent with CERCLA and which are effective and
applicable to any activity undertaken pursuant to this MOU.



I
(1) 'Organization' means the Army, EPA or Shel-l.

(a) 'Party- -means the Army or Shell: 'PartiesO
means the Army and Shell.

(n) OResponse Action' has the same meaning as
ORespond' or OResponse' as defined in Section 101(25) of CERC.A.
42 U.S.C. § 9601(25).

(a) 'Scope of WorkO means a document identified -.
Part VI by which any Response Action work for which Shell is tte
Lead Party shall be conducted.

(p) 'Settlement Agreem*nt' means the 'Settlement
Aqrement Between the United States and Shell Oil Company
Concerning Rocky Mountain Arsenal,' effective February 17, 1989,
including all exhibits thereto (and any amendments or
modifications thereof or supplements thereto).

(q) 'Shell' means (a) Shell Oil Company and its
successors and assigns, (b) the divisions thereof, including
Shell Chemical Company, (c) Julius Hyman & Co., and (d) Shell
Chemical Corporation; and includes the officers, employees and
agents of Shell when acting within the scope of their authori-ty.

I All other capitalized terms used in this MOU shall have
the same meaning as in the Federal Facility Agreement or the
Settlement Agreement or the meaninq specified in an executed
Scope of Work.

IV. SCOPE oF NOU

This MOU, the Federal Facility Agreement and the
Settlement Agreement Constitute the entire understanding between
the Army and Shell with respect to Shell's assisting the Army in
the Response Action work described in an executed Scope of Work,
except for any subsequently executed Scope of Work which the
Parties may execute with respect to such Response Action work:
constitute the sole conditions controlling Shell's participation
in such Response Action work: and with respect to such Response
Action vork,, supersede any other agreement(s) between the
Parties. In the event a conflict between the provisions of the
Federal Facility Agreement and the Settlement Aqrsement and this
MOu, the provisions of the Federal Facility Agreement and the
Settlement Agreement shall govern.

V. OPERATION OF MOU

By their execution of this MOU, each of the Parties
acknowledges, and agrees as follows:p



I
(a) The provision of the Response Action work

pursuant to this MOU is a reasonable and appropriate contribution
to the assessment, selection, design and implementation of
Response Actions that are protective of the present and future
public health and the environment.

(b) The Army's actions under this MOU are not
inconsistent with the MCP.

(c) Shell's actions under this MOU, to the extent
certified by the Army pursuant to Subpart VI.E., are consistent
vwth the NCP.

(d) This MOMt does not operate to establish or to
excuse any Shell or Army Liability under any law, the Federal
Facility Aqreement or the Settlement Aqreement, except to the
extent provided in this MOU.

(e) This MLOU does not operate to render Shell or
any of its Contractors a CERCLA response action contractor.

(f) This MOLT does not operate to expand or limit
any of the riqhts and obliqations of the Army as Lead Aqency or
Shell as Lead Party under any law or the Federal Facility
Aqrement.

(q) Unless otherwise provided in a Scope of Work,
upon acceptance of the Response Action work pursuant to Subpart
VZ.Z, title to any Response Action Structure includinq all
related systems and facilities constructed as a part of that
Response Action work shall pass to the United States.

(h) The Army shall be solely responsible for
obtaininq necessary permits, if any, and for establishing
substantive compliance vith all permittinq requirements pursuant
to Section 121(e) of CURCL&, 42 U.S.C. 9621(c), for any
activities conducted pursuant to this MOU. However, Shell shall
provide any necessary technical support necessary for the Army to
obtain such permits.

(i) This MOU has no precedential or controllinq
effect with respect to any matter which is not expressly the
subjecat of this NOw.

(J) This NOV does nw4 create or impose any
obligations or responsibilities on the Parties or relieve them of
any obliqations or responsibilities, except to the extent
expressly provided herein.

I



VI. U•!•P'S PO•f1OPMNC? OF R SPOUSE A=T:OK WOGI

A. Develonmant of Scone of Work: Pursuant to Section XL:::
of the Federal Facility Aqreesent, the Army and Shell shall
develop Scopes of Work by which Response Action Work for which
Shell is the Lead Party shall be conducted. A Scope of Work
shall include any required data or specifications for the
Response Action work to be performed, a projected schedule for
completion and a statement as to the appropriate limits of
insurance to be maintained by Shell pursuant to Part VII.

a. ZneGrnorstion into thia !OU: Any Scope of Work
developed pursuant to Subpart VZ.A and executed by the Army and
Shell, and all the terms and conditions therein are incorporated
by reference into this NOU.

C. perforuance of Work: Upon execution of the Scope of
Work by the Army and Shell, Shell shall immediately commence, in
consultation and cooperation with the A My, as provided in the
Consent Decree, to perform the Response Action work described in
the Scope of Work.

0. ffirina of Cortaor: Subject to the approval of the
ArMy, Shell may hire at its sole expense, subject to Part VII, a
contractor to perform any Response Action work described in a
Scope of Work. A Contractor may be terminated by Shell with the. approval of the Army, which approval shall not be unreasonably
withhold. Any disagreement with respect to such termination not
resolved informally shall be resolved in accordance with the
provisions of Part XIII.

*. Accentance of Work: 1. If Shell performs the Response
Action work in accordance with the specifications set forth in
the applicable Scope of Work, the Army shall accept Shell's work
pursuant to this iO0. The Army shall act promptly to accept
Shell's work, and acceptance shall not be unreasonably withheld.
Should the Army decline acceptance, it shall promptly notify
Shell in writinq, statinq with specificity the factual, technical
and leqal bases for such nonacceptance.

2. If Shell concludes that the Ary is in error for
treatinq Shell's performance as incomplete or unacceptable for
any other reason, Shall shall qive notice in writinq, within ten
business days of the receipt of the Army's written notification,
that Shell disaqrses. Any such disagreement, if not resolved
informally, shall be resolved in accordance with the provisions
in Part XIII.



VIZ. SHELL T!NStRANC! ORLIQATIONS

Shell shall maintain such insurance or self-insurance as
is required by statute or requlation to cover any claims which
may reasonably be anticipated to be made as a result of Response
Action work done pursuant to any Scope of Work attached as an
exhibit to this MOU. At a minimum, Shell shall, at its sole
option, procure insurance, maintain insurance or self-insure
sufficiently to cover the followinq:

1. Worker's compensation and occupational disease
insurance in amounts sufficient to satisfy applicable state law:

2. Employer's liability insurance in the minimum
amount of $100,000 per occurrence; and

3. Comprehensive qeneral liability insurance for
bodily injury, death or loss of or damaqe to property of third
persons in the minimum amount of $100,000 per occurrence.

Upon this NOU becominq effective, Shell shall promptly
provide the Army with an affidavit that Shell is in compliance
with the minimum requirements of this Part. Upon the siqninq of
a Scope of Work, Shell shall promptly provide the A y with an
affidavit that Shell is in compliance with this Part as to that
"-ope of Wor%. Upon request, Shell shall discuss with the Army

a manner in vhich Shell Vill fulfill its obliqations under this
Part.

Vill. ATrMY suPPL(m'rTTOW OF SHELL TXSURANCE

If the Response Action work beinq performed is an Army-
Only Response Action, as defined in the Settlement Aqreement, the

ArMy shall release, defend, indemnify and hold harmless Shell
from all losses, fines, penalties, claims, suits, liabilities,
Judqments, or expenses (includinq expenses of litiqation or
settlement) (collectively hereinafter in this Part VIII, sclaim')
vith respect to any death or injury to any person or loss of or
damqe to property to the extent that these result from the
construction, operation, collapse, rupture or failure of any
Response Action Structure, or any pert thereof, after the Army's
acceptance pursuant to Subpart VI.E. or the operation, collapse,
rupture, failure or ineffectiveness of the Response Action
structure as a result of the construction, operation, collapse,
rupture or failure of the Response Action work when such claim is
not compensated by insurance or self-insurance, to the extent
provided below:

(a) Shell is not in material breach of this MOU
with respect to the Scope of Work pursuant to which such Response



. such claims are represented by final judquents or by settlements
approved in writing by the Department of Justice. This agreement
to reimburse Shell for certain claims shall not be interpreted as
implying that Congress shall, at a later date, appropriate funds
sufficient to meet any deficiencies. During all times that
claims remain unreimbursed due to lack of appropriated funds, the
Army shall exert its best efforts to obtain appropriations for
such reimbursement.

IX. TRZATt IT Or COSTS TNCT--RRD
BY SHELL PURSUANT TO THITS ML

Any costs incurred by Shell pursuant to this MOU are
Reimbursable Costs and shall be governed by the Settlement
Agreement and the Financial Manual.

X. DZLAY OR PRZVM!NOIO F O PZRFORMANCE

A. As provided in the Consent Decree, if a Party is
rendered unable, wholly or in part, by Force Majeure to carry out
its obligations under this MOU, then upon that Party's giving
written notice as provided in Subpart XI.C., the obligations of
that Party, so far as they are affected by the event of Force
wajeure therein specified, shall be suspended during the
continuance of such cause, but for no longer period, and such
cause shall be remedied so far as possible vith all reasonable
dispatch.

B. The settlement of a strike or other labor dispute shall
be entirely within the discretion of the Party involved with such
strike or labor dispute, and the requirement that any event of
Force Majeure shall be remedied with all reasonable dispatch
shall not require the settlement of a strike or labor dispute by
acceding to the demands of the opposing party when such course is
inadvisable in the discration of the Party involved vith such
strike or labor dispute.

C. When circumstances are occurring or have occurred that
delay the compleation of any obligation, and a Party believes such
circumstne constitute an event of Force Majeure, such Party
shall notify the other Organizations in writing within 15 days
after the notifying Party obtains information indicating that a
delay vill Occur. Such notice shall include a detailed
explanation of the reason(s) for and anticipated duration of the
delay, the measures taken and to be taken to prevent or minimize
the delay, and a vhedule for implementation of such measures.
Failure to provide notice in accordance with this paragraph
within the required 15-day period shall constitute a waiver of
any claim of Force Maleure with respect to any event of Force
Majeure for which notice was not timely given.



S
0. if the Orqanizations cannot aqree whether a delay is or

was attributable to an event of Force Majoure, any Orqanization
may invoke Dispute Resolution pursuant to Section X of the
Settlement Aqreament.

Z. Soine of Vork Modification: If performance of this MOU

is delayed because any Party finds it necessary to make
modifications to address an unanticipated occurrence which may
cause a delay of more than two weeks, such modifications shall be
developed and implemented by Shell in consultation and
cooperation with the Army. Any disputes not resolved informally
shall be resolved pursuant to the provisions of Part XIV.
Further, if Shell anticipates the delay resultinq from any such
modifications will necessitate the extersion of a Deadline, it
shall request such an extension in accordance with Section XXVI
of the Federal Facility Aqreement.

F. Unaff•cetd Activities: To the extent that the
unanticipated occurrence does not necessitate delay in any
discrete portion(s) of the activities provided in Part VI, such
portion(s) of the activities shall prjceed as oriqinally provided
in the HOU irrespective of the need for modification of other
parts of the HOU.

O X ShIL ACCESS TO ROCKY MOUNTAIN ARSINAL

Shell and its Contractors shall be afforded access to
all relevant portions of the IMA in order to perform its
obliqations under the MOU pursuant to the terms and conditions of
the Access and Use Aqrsement attached as Exhibit E to the
Settlement Aqrsementt until such time as the Army and Shell
execute an applicable supersedinq aqreement.

X11. DOTS !TZ R-SOW•?•O ND .TUDTeT/L RrIVW

A. Dimiutm Resolution: Any dispute which arises in
connection with thi HOU may be submitted for resolution pursuant
to Section I of the Settlement Aqreement. Prior to any such
submission, Shell and the Army shall meet and attempt to resolve
the dispute informally.

a. 3udieinl Iev: 1. Judicial review of issues arisinq
in connection with this MOO shall be obtained pursuant to Section
X) of the Settlement Aqreemnt.

2. The pedency of any dispute shall not affect the
responsibility of the United States or Shell to continue their
involvement in the asmsement, selection, desiqn and
implementation of estponse Actions, or discrete portions of

Response Actions, not subject to such dispute.



SXII. 92M&AL

A. TJU: This MOU shall continue in effect as to a
specific Scope of Work until the Army, pursuant to Subpart VI.E.,
accepts Shell's work pursuant to this XOU, and the reimbursement
or payment has been made pursuant to Part IX.

a. fi5l : Any provision of this mOu or of any Scope
of Work may be modified at any time by both Parties' aqreement.
Any modification musti: (1) be in vriting; (2) shov the date
signed by the Parties; (3) specify that it is intended to modify
this MOU. (4) state the provisions of the MOU to be modified: (s)
state the now provisions; and (6) state vhen the nov provisions
are to be effective.

C. Efet of Ka.-ution: This MOU shall become effective on
the later of its execution by the Parties or the entry of the
Consent Decree. A Scope of Work shall became effective, final
and binding upon its execution.

IN WITNESS WHEZROF, I have hereunder set my hand as an
authorized representative of the United States Department of the
Army.

Data: ,__ _ __,e_"

-. -- Walker
Deputy for Environment, Safety

and Occupational Health

IN WITNESS WHEREOF, I have hereunder set my hand as an
authorized representative of Shell Oil Company.

Date: __ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _R.G. Dillair
Vice President

0
siC[lls



O ~~xuz. "Jl]!

A. sam: This NOET shall continue in effect as to a
specific Scope of Work until the Army, pursuant to Su•part vJ.z.,
accepts Shell's vork pursuant to this NOU, and the rei•bursement
or payment has been made pursuant to Part IX.

a. &&dg az.on: Any provision of this NOMW or of any Scope
of Work say be moified. at any time by both Parties' aqreasent.
Any modificatiotn must: (1) be in vritinq; (2) shov the date
siqned by the Partiesi (3) specify that it is intended to modify
this NOW: (4) state the provisions of the NOW to be modified: (s)
state the new provisions; and (6) state vhen the now provisions
are to be effective.

C. ffuet of •,meution: This NOS shall become effective on
the later of its execution by the Parties or the entry of the
Consent Decree. A Scope of Work shall become effective, final
and bindinq upon its execution.

33 VZTORSS W1HEr0Fl, I have hereunder set my hand as an
authorized representative of the United States Department of the
Army*.

Date.s Lawis 0. Walker
Deputy for Environment, Safety

and Occupational Health

IN VXTS WURNtgOF, I have hereunder set my hand as an
authorized representative of Shell Oil Company.

e.G. PDrlsrdVi~ce Pr-esident:

Mia



SCOPE OF WORK

Shell will perform the following activities as lead party for the

implementation of the South Tank Farm Plume IRA.

1. Prepare the Draft Implementation Document and

Implementation Document for the STFP IRA for review and

comment by the Organizations and State and implement

the IRA.

2. Abandon and replace the Shell wells damaged during the

Lower Derby Lake Spillway construction.

3. Install nine piezometers, six well points, and four

monitoring wells along the the eastern edge of Lake

Ladora. This was completed May 1991.

4. Perform the following monitoring program through the
completion of this IRA or as otherwise modified:

a. Conduct a one-time Verification Sampling of 46
wells in the STFP area. This was completed in

December 1990, and results distributed to the

Organizations and State (OAS).

b. Collect Quarterly water-level measurements from a

number of wells located throughout and beyond the

STFP area, including along the eastern edge of

Lake Ladora. The first round of which was

collected in June 1991.

c. Conduct an annual sampling of 24 selected wells in
the STFP area.

0



.5. Shell has contracted with Morrison-Knudsen (MK) for
performance of the above tasks and any modifications

thereto.

6. Shell will submit forty (40) copies of the Draft

Implementation Document for the STFP IRA to the Army.

Within 5 working days, the Army will issue these copies

to the OAS. Comments regarding the document should be
submitted within 30 days of issuance. Shell will

submit forty (40) copies of the final Implementation

Document for the STFP IRA within 20 working days of the

deadline for comments. The Army will distribute the

final Implementation Document to the OAS within 5
working days of receipt from Shell.

7. During the performance of this IRA, Shell shall submit

to the Army, for distribution to the OAS, the following

reports:

a. Quarterly water-level monitoring reports

summarizing the results of the most recent

monitoring event. These reports shall be

submitted to the Army within thirty (30) days of
completion of the monitoring program. The Army

will distribute these documents within 5 working

days of receipt from Shell.

b. An Annual Report summarizing the previous year's
monitoring data. These reports shall be submitted

to the Army within ninety (90) days of receipt of

the analytical data for the Annual Sampling

Program. Tie Army will distribute these documents

within 5 working days of receipt from Shell.



IN WITNESS WHEREOF, I have hereunder set my hand as an authorized

representative of the United States Depart nt of the Army.

Date _ _ _ _ _ _ _ _

I Piogra. Manager

IN WITNESS WHEREOF, I have hereunder set my hand as an authorized

representative of the Shell Oil Company.

Date _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

V, Manager, Denver Site Project

S



3.0 GROUNDWATER MONITORING PROGRAM

The groundwater monitoring program selected to meet the
objectives of this IRA consists of three components:

A one-time comprehensive verification

sampling;

An annual sampling of selected wells along

the leading edge of the plume; and

Quarterly water-level measurements throughout

and beyond the STFP area, including along the

eastern edge of Lake Ladora.

3.1 VERIFICATION SAMPLING PROGRAM

The verification sampling program was completed in December 1990,

in support of this IRA's pro-decision documents. The
verification sampling network consisted of 46 wells located

throughout the STFP area (Figure 3). Water-levels and dissolved

oxygen (DO) measurements were recorded for each well, and

groundwater samples were collected for laboratory chemical
analysis. Analyte concentrations were determined using USATHAMA

Method UU-8 for volatile compounds. Information from this

investigation was used to verify the extent of the STFP, the

migration rate for the plume, and the existence of in situ

conditions conducive for biodegradation.

Results of the verification sampling program show the results to
be consistent with the Spring 1990 conditions. The latest
distribution of the target analytes, particularly benzene,

indicate that the plume has not advanced since the Spring of
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1 990. This observation, coupled with the field DO measurements
and the observed presence of sufficient indigenous bacteria,

suggests the leading edge of the plume is biodegraded naturally.

The results of this program are detailed in Shell's December 1990

report.

3.2 ANNUAL SAMPLING PROGRAM

Groundwater quality will be monitored annually to verify the

location of the leading edge of the plume. Groundwater samples
will be collected from the 24 wells shown on Figure 4. This

program will be the same as that for the verification sampling in

that water-level and DO measurements will be recorded, and

groundwater samples collected for laboratory analysis.

3.2.1 Samnlina ProceduresP
Groundwater sampling will be conducted according to approved

PMRIA protocols as specified in the RNA Chemical Quality

Assurance Plan.

The well sampling order will be governed by well location and

historical contaminant levels. Wells will be sampled

sequentially, beginning with wells with no historical contaminant

detections, and ending with wells having the highest

concentrations. This sampling sequence and standard

decontamination procedures will be followed to minimize cross-

contamination between samples. In addition, dedicated equipment

will be used for sampling wells with historically higher

concentrations. To r•nimize the loss of volatile compound3,

either a stainless steel pump with a teflon bladder or a

stainless steel submersible pump will be used to purge the wells

and collect samples. As the wells are purged, groundwater pH,
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temperature, electrical conductivity, and dissolved oxygen (DO)
levels will be recorded.

Groundwater samples will be collected in three 40-ml vials.
These samples will be stored and shipped in coolers packed with

styrofoam and blue ice. Sample temperatures will be maintained
at approximately 40C within the coolers, until delivered to the

off-post contract laboratory.

3.2.2 Analytical Proaram

Analyte concentrations will be measured using USATHAMA Method UU-
8 for volatile compounds. The reporting limits for USATHAMA

Method UU-8 are given in Table 1.

3.2.3 Ouality Assurance/lualitv Control

The QA/QC program for this IRA will consist of PMRMA approved
requirements and procedures, as specified in the Sampling Design
Plan and Standard Operating Procedures prepared for the
Remediation of Other Contaminated Sources IRA (Woodward-Clyde,

1989). The number of field QA/QC samples will be approximately
10% of the total number of routine groundwater samples collected.

These samples will include duplicate samples, matrix spike

samples, field blanks, and rinse blanks. A trip blank will

accompany each set of samples shipped to the laboratory.
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Table 1. Reporting Limits for Method UU-8

Certified Reporting
Hame Limit (ug/I)

1,1, l-TRICHLOROETHANE 2.4
1,1,2-TRICHLOROETHANE 1.6
1, 1-DICHLOROETHANE 1.4
1,2-DICHLOROETHANE-D4 2.6
1,2-DICHLOROETHYLENES 3.2

(CIS AND TRANS ISOMERS)
1,2-DICHLOROETHANE 0.72
1,3-DIMETHYLBENZENE/M-XYLENE 2.9
BICYCLO[2,2,1]HEPTA-2,5-DIENE 1.8
BENZENE 2.7
CARBON TETRACHLORIDE 4.9
METHYLENE CHLORIDE-D2 5.2
CHLOROFORM 1.7
CHLOROBENZENE 1.8
DIBROMOCHLOROPROPANE 5.6
DICYCLOPENTADIENE 3.7
DINETHYL DISULFIDE 3.7
ETHYLBENZENE-D1O 2.3
ETHYLBENZENE 2.4
TOLUENE 3.5. METHYLISOBUTYL KETONE 1.2
TETRACHLOROETHYLENE/TETRACHLOROETHENE 2.9
TRICHLOROETHYLENE/TRICHLOROETHENE 2.0
XYLENES 2.4

3.3 WATER-LEVEL MONITORING

Water-levels within and beyond the STFP area, including along the
eastern edge of Lake Ladora, will be measured quarterly. These
measurements will be utilized to monitor the hydraulic gradients
and groundwater flowpaths. Groundwater level measurements will
be collected from the wells shown on Figure 5. One of the
quarterly water-level monitoring events will be coupled with the
Annual Sampling Program. Groundwater level measurements will be
taken according to PMRMA procedures outlined in the RMA Chemical

Quality Assurance Plan.
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In an effort to better understand the hydrogeology between Lake

Ladora and the aquifer to the east of the lake, nine piezometers,

six well points and four monitoring wells were installed near

Lake Ladora. Figure 6 shows the location of the respective

wells. These 19 locations were selected (as coordinated with the

EPA) to fill in water-level data gaps between the lake and Sand

Creek Lateral, and the information collected from these wells

will be used to evaluate the interaction between Lake Ladora and

the local groundwater.

As part of this program, the Army has agreed to closely monitor

the level of Lake Ladora. If practicable, the Army will maintain

the lake at an elevation which would cause the lake to recharge

the local aquifer. In order to determine whether this may be

accomplished, the first round of water-level measurements was

collected. The results and analysis of this investigation are

contained in Appendix A.
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44.0 REEVALUATION AND REPORTING PROCESS

4 .1 REEVALUATION PROCEDURZ

During the August 2, 1989 RNA subcommittee meeting for the Army
Complex Disposal Trenches IRA, the OAS agreed that the Decision

Flow Chart for Other Contamination Sources IRAs would be followed

(Figure 7).

As information is collected and compared to previous data, a

reevaluation will be performed to determine whether the basis for
the present selection has changed.

Specific criteria which will be applied for determining whether

Lake Ladora may be threatened by the STFP prior to implementation

of the final remedy, and the subsequent necessity to consider

other alternatives include, but are not limited to, the
following:

The observed rate of movement of the leading edge of

the plume increases such that the plume is expected to

reach the lake prior to the final remedy;

The hydrogeologic conditions change such that the

flowpaths or an increased hydraulic gradient indicate

the plume may reach the lake prior to the final remedy;

Changes in the Do levels which indicate a significant

reduction in the potential or occurance of

biodegradation; or

Any combination of the above which creates a

threatening situation.
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. 4.2 RETING

4.2.1 Annual Report

The annual reports will include historical water quality and
water-level data and an evaluation of this data. In particular,

this report will focus on the most recent data, establishing the
site conditions as they exist and have changed since the previous

evaluation. The primary purpose of the report will be to
determine whether site conditions have changed such that Lake

Ladora is threatened.

The report will be submitted to the OAS approximately 3 months

after receiving the laboratory results for the Annual Sampling

Program. This report will include the water quality data, as

well as that quarter's water-level monitoring data.

S4.2.2 Ouarterlv Water-Level Reports

The Quarterly Water-Level Reports will be submitted to the OAS
approximately 1 month after each monitoring event. These reports
will include water-level data, a current water table contour map,

and discussion of any significant changes. If indicated,
modifications to the number or frequency of water-level
measurements may be made.

4.3 HEALTH AND SAFETY PLAN

The site-specific Health & Safety Plan which has been developed
for the SmFP area, will be followed to perform the work specified

for this IRA.

* 4-2



0 5.*0 SCHEDUJLE

The schedule for this program comprises a three year period,

beginning September 1991 and ending in June 1994. Water-level

monitoring will be collected quarterly throughout the duration of

this program. Water quality sampling will be performed annually,

beginning with the Verification Monitoring Program which was

completed in December 1990. A schedule is provided in Table 2

below.

Table 2. Schedule for STFP IRA

December 1990 Verification Monitoring
Program

June 1991 Water-Level Measurements

September 1991 Water-Level Measurements

December 1991 Water-Level Measurements and
Water Quality Sampling

March 1992 Water-Level Measurements

June 1992 Water-Level Measurements

September 1992 Water-Level Measurements

December 1992 Water-Level Measurements and
Water Quality Sampling

March 1993 Water-Level Measurements

June 1993 Water-Level Measurements

September 1993 Water-Level Measurements

December 1993 Water-Level Measurements and
Water Quality Sampling

March 1994 Water-Level Measurements

June 1994 Water-Level Measurements

* 5-1



6.0 0 OST

The estimated costs given below are for the entire IRA monitoring

program over the course of the following three years. These

costs reflect the performance of the Verification Monitoring

program and report preparation, installation of the 1i new wells

near Lake Ladora, the first round of water-level measuremnts

(included in Appendix A of this document), the abandonment and

replacement of the monitoring wells damaged during spillway

construction, and the future sampling and water-level

measurement events and respective reports.

Estimated STFP IRA Costs

AL Cost(S

Verification Monitoring Program* 53,000

Installation of 19 Wells 12,000

Water-Level Measurements (6/91)" 5,000

Well Abandonment & Replacement 14,000

Chemical Analysis 110,000

Field Supplies and Small Tools 5,000

Waste Handling 7,500

Annual Sampling* (3 episodes) 48,500

Water-Level Measurements" (12 episodes) 70,000

TOTAL $325,000

"- Includes preparation of reports.

6-1
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SINTRODUCTION

During June 3 and 4, 1991, water-level measurements were recorded

for over 100 wells in and beyond the South Tank Farm Plume (STFP)

area, including along the eastern edge of Lake Ladora. An

objective of this water-level measurement program was to gain a

better understanding of the hydrology along the eastern edge of

Lake Ladora. A component of this program was the installation of

9 piezometers, 6 well points, and 4 monitoring wells near Lake

Ladora and Sand Creek Lateral. Installation of the wells was

completed during the week of May 20, 1991.

The results of the water-level measurements collected during the

June program are illustrated on the Water Table Contour Map shown

by Figure A-1. The general groundwater hydrology did not change

significantly since the December 1990 measurements. The largestS- change in elevation occurred near Lower Derby Lake. The current
lake level is approximately 5 feet higher than last fall, when

the lake was lowered for spillway construction. The local

groundwater levels indicate the influence of Lower Derby Lake on
the adjacent aquifer due to the lake recharging the aquifer.

Additional water-level measurements were collected on July 10,

1991. Water-levels for this monitorng event were recorded for
the wells closest to Lake Ladora (Figure A-2). The July 10, 1991

measurements corraborate the June 1991 results.

Using the data collected from new wells installed adjacent to

Lake Ladora, the local hydrogeology has been further

characterized. Indications are that if the elevation of Lake

Ladora is maintained at approximately 5220 feet (above mean sea

level), then groundwater along the eastern edge of the lake will

not impact the lake.

* A-1
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Installation of New Wellsp
The piezometers, well points and monitoring wells were installed

during the week of May 20, 1991. The monitoring wells are
located at well numbers 02523 through 02526. Well numbers 02527

through 02535 indicate the locations for the nine piezometers.
The well points are located by well numbers 02536 through 02541.

Two staff gages were installed on the eastern edge of Lake Ladora
on June 12, 1991. The southern staff gage had to be relocated

because it could not be properly read or surveyed at its original
location. The gage was moved on August 7, 1991. Subsequent
water-level measurements show that the lake level is the same at
the two northernmost staff gages, and slightly higher at the

southern gage.

During surveying for the new wells and staff gages, datum
measurements were recorded for the Army's staff gages on Lake

Ladora and Lower Derby Lake. The results of this survey show

that for Lake Ladora a measurement of 12.9 feet corresponds to an
elevation of 5219.96 feet, and for Lower Derby Lake a level of

16.5 feet corresponds to an elevation of 5246.66 feet. The two
staff gages were surveyed for the water level at the time of
survey, and future readings gaged from the surveyed datum given

above. The datum (0.0 feet) for the new staff gage along the
northeastern shore is at an elevation of 5216.98 feet, and that

for the new staff gage along the southeastern shore is at an

elevation of 5216.65 feet.

The new wells were surged and developed prior to collecting
water-level measurements. After developing the wells it was

evident that five of the well points (Wells 02536-02540) were

clogged. In an attempt to unplug the well points, the spray

nozzle for a steam/pressure cleaner was fitted with an extension
so water could be sprayed into the wells. The well points were

repeatedly surged, jet sprayed, and bailed. This procedure did

*0 A-2



not unplug the wells. Using an air compressor and sealing the
O top of the well with a no-hub band, air was injected into the

well points. A pressure of 60 psi could be reached without

blowing off the fitting. After pressurizing the well point, it
was again jet sprayed and bailed. Following this procedure, only

Well 02539 was unplugged. Additional efforts will be made to

unplug the remaining well points. If unsuccessful, these wells

will be replaced.

Hydroloav Near Lake Ladora

On June 3, 1991 the lowest measured elevation of the groundwater

table was 5219.64 feet in Well 02530. Well 02524 had a water-

level of 5219.' feet. The surface elevation of Lake Ladora was
5219.86. As aay be seen from a profile of groundwater elevation
away from the •akp (Figures A-3 through A-7), groundwater

adjacent to the lake appears to reach a minimum elevation

approximately 50 to l10 teet from the lake. On July 10, 1991 the
lake elevation was 5219.91, a level ranging from 0.14 to 0.97

feet higher than levels in the wells immediately adjacent to the

lake along the eastern shore.

According to the above results, there is a hydraulic gradient
away from the lake for an approximate distance of 50 to 100 feet,

and groundwater along the eastern edge of the lake will not
impact the lake, if the lake elevation is maintained at

approximately 5220 feet (an approximate stage of 12.9 feet as

measured on the pump house staff gage).

Conclusions

If the elevation of Lake Ladora is maintained at approximately

5220 feet, groundwater along the eastern edge of the lake will

* A-3



* not impact the lake. This is based on recently observed
hydrogeologic conditions. In addition, these results show that
the vertical gradient is downward. These results indicate the
lake is controlling the local groundwater hydrology and that
groundwater will not impact the lake. Regular monitoring, as
outlined in this document, will determine whether proper
hydrogeologic conditions are maintained.
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FIGURE A-3
WATER LEVELS NEAR LAKE LADORA
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FIGURE A.4
WATER LEVELS NEAR LAKE LADORA
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FIGURE A-5
WATER LEVELS NEAR LAKE LADORA
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FIGURE A4
WATER LEVELS NEAR LAKE LADORA
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FIGURE A-7
WATER LEVELS NEAR LAKE LADORA
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"APPENDIX B

WELL COMPLETION RECORDS, MAY 1991

SAMPLE/CORE LOG SHEETS

WELL DEVELOPMENT RECORDS



RMA Well Completion Record

Wei Nutrr 0 ozs 2. Proiect e-i~ ZAAdr~'4 /M57

Boreho•e•Nu. bw,_ A,,W-_ Date g 2, -

Surnyed Surveyed
Loction - 17 791c.- 9,11 N Elevation GS I2 0 ft.

2iIA, SAA5A E roc5221,06 ti.

Installation Date _____2,____-

Driling Method k19 6104d. V;e^A

*:t. Dnling Contractor 4 e,GROU•ND) SURFACE

Dnlrlg Fluid WIA
14 1 DIAMTERDevelopmrent Date - 'A

4 INCH DAEE
DRILLED HOLE Development Technque_

S--WELL CASING
,,I NCH DIAMETER•

Water Removed ' "7 gals.

-_.• ACKFILL
-9 GROUT .4&EL21" Static Depth to Water ". /5" ft. below

-. L I. W / e,,a.-k TOC

BENTONITE SEAL: 0 SLURRY

0 13 PELLETS Comments ____________

- _ -it. ~
C3 GRAVEL F~K '

SAND PACK

FORMATION

_ ,JOLLAPSE 
_____________________

-WLL SCREEN
_,INCH DIAMETER

607-0 SLOT _

Depths From Ground Surface PreardAy ,A 0I
unless Otherwise NotedPrpedB



O UCE OMWMENITAL SERVICES

RMA Well Completion Record

WellNumber____________ Project Lake Lgdoaz Weds-
BoreholeNumber W• 2 Date 910 522..

Surveyed Surveyed
Location ______2__, ___29q_ N Elevation GS 4227,/6 ft.

_ _ . _3_2 _7 IN E TOC S,230/0 ft.

Installation Date 9, 6fz.i

Dnlling Method .4/W/A./0, &WfPril-

* GROUND SURFACE Drilling Contractor ________________

'""1. Dnlling Fluid IJA

-21 D Development Date , /"'-"L"•INCH DIAMETER

DRILLED HOLE Development Technique rL2. 1:4c.

LL CASING
DIz • AMETER

Water Removed gals.

0 BACKFILL
'-9t GROUT Static Depth to Water ftt below

.1 f/oS y TOo

BENTONITE SEAL: 0 SLURRY
90 I PELLETS Comments

S-C0 GRAVEL RACK
L Ot SAND PACK t.Q -2O_.0

FORMATION
COLLAPSE

WELL SCREEN

_.INCH DIAMETER
, PV *00 SLOT

Depths From Ground Surface
Unless Otherwise Noted Prepared By 4&3



"- ono"W4 08~ITAL SERVICES

1. RMA Well Completion Record

We* Number 10'z 525 Prolect ZL~b 444r4 (/d

Borehole Number A W A/ 3 Date q105 2 2..

Surveyed Surveyed

Location 1 9, _ -7-6. 3 1, N Elevation GS 62222q. ft.

2_1_j?__3 __1 __2_9__ E TOC -6.22d 4L1- tt

installation Date 411i!'~Z /
Drilling Method. 54"

.4 4..., GROND ~Drilling Contractor

Drilling Fluid _ __ _

DIAMETER Development Date SA/I /q1

,R'iLLE HOLE Development Technique ,- _ _e

-WELL CASING

Pre- Water Removed -"30 gals.

-0 BACKFILL ,A
1-0 GROUT Static Depth to Water t.below

- q~ ~TOC

SENTONITE SEAL: 0 SLURRY
Off. : PELLETS Comments

r-E GRAVEL FACK
5' SAND PACK /1-2.O

FORMATION

.WLLAPSE

WjILL SCREEN
._.•,HCDIAMETER

-60 SLOT ___

"Depths From Ground Surface Prep aredB
Unless Otherwise Noted PrepaedBy •



*WK4WVWA*R WWAL SRW=ICES

RMA Well Completion Record

wUt Number 0 Z-5 7_6 Project 1/f A (Ve

Boehole Number M4W-/ Date ,0 2_____

Surveyed Surveyed
Location ?d 0CIS. o00 N Elevation GS S 4Y.L. ft.

_ i_ __ _ ___r. _7 _ E TOC52-2", if ft.

Installation Date £ 05" 2.0
Drilling Method (4oikW y5kV
Dnlling Contractor La- Id M.-

*.GROUND SURFACEOlhgFud //S~Drilling Fluid A//1 4

Development Date 5/a/ /-711INCH DIAMETER

DRILLED HOLE Development Technique 4A f91) ZS*

SLL CAS ING
IjCH DIAMETER

Water Removed /- gals.

-- BACKFILL
L-8U GROUT y4_r Static Depth to Water. q- 0 ft. below

- jf Ut ( kgA1,6.;'. ql 0 52.-A TOC

IBENTONITE SEAL: 0 SLURRY

zi PELLETS Comments

r-3 GRAVEL FACK

SAND PACK / o - 2o

-0 FORMATION
q ,OLLAPSE

WELL SCREEN
...JINC DIAMETER

.. _O SLOT

Depths From Ground Surface PeL By
Unless Otherwise Noted Prepared Ey " e¶



S*K R SERVICES

RMA Well Completion Record

1Wel Number Z' 2- 7 Project L.&kc f&dom wds

Borehole Number _ _ _ _Date C1 t0 6*

Surveyed Surveyed
Location I 77)32., . 1/ N Elevation GS 5 ft.

.2 1'EO It113K. 1_ ) E TOC 52q & fl.

Installation Date q9 05Z

- DrOilling Method H 0 ((10 0 5+etw I
"•GROUND SURFAE Drilling Contractor _ ,_ __ _

S• Dnlling Fluid N I 4

-----7 1_INCH OAMETER Development Date _J_ /1 _

R"ILLED HOLE Development Technique

W2SLL CASING
-INCH DIAMETER
PvcWater Removed gas.

0 BACKFILL
S GROUT 4 L'a¶ Static Depth to Water. ?1 ft. below

- W-'---d TO(

BENTONITE SEAL: 0 SLURRY
q= I[ bi PELLETS Cmet

r-(3 GRAVEL ACKC
- SAND PACK It-_20

LO FORMATION
•LLAPSE

WELL SCREEN
• -JNMH0I AMETER

Dýepths From Ground SurfacePrpedB
Unless Otherwise Noted Prepared By _. _



*MIK-CNVIWNNTAL SERVICES

RMA Well Completion Record

Wed Number 0 Z.• Prolect L4.C LJoy'•.A WC.J?

Borehole Number P-2. Date 910o21

Surveyed Surveyed
Location i7 72 3" A, . N Elevation GS 5224.7. 506 ft

21 f •lg 31 E TOC O t.

Installation Date Q t 0 52. 1

,..Aw, Drilling Method •dI.oW• w'"

0 . GROUND SURFACE Dnlling Contractor L..Lftte

Dnilling Fluid Ni
NDevelopment Date -_AlIA.. ,--- INCH DIAMETER

DRILLED HOLE Development Technique

o- WLL CASING
.•ICH DIAMETER Water Removed gals.

C3 BACKFILL
•__ ,., GROUT _fi/ff,,C •/ Static Depth to Water Li... ft. below

BENTONITE SEAL: 3 SLURRY

a.•, U. 1B PELLETP Comments

r-0 GRAVEL PACK
(I SAND PACK /o-Lo

LO FORMATION

* JjLAPSE

** * WELL SCP'-.N

LINCH DIAMETER
* - ltkf l SLOT

ODepths From Ground Surface •. 2 o , •/IrI
Unless Otherwise Noted Prepared By /Ik



O MK-ENVIRONI4MNTAL SERVICES

RMA Well Completion Record

Well Number o0Z Iz9 Project Lc•c Lcaor'-. Veils

Borehole Number P__ Date -s'5 , 3

Survyed Surveyed

Location I 77 '74 2, 305 N Elevation GS A 22 . '71 ft.
211b qqbD. JJAJ E TOC g=.71 ft,

Installation Date 9t•, .2.2.

Drilling Method -/ef(ebI S# Atd.-"
GROUND SURFACE Drilling Contractor L!.&jnt

Drilling Fluid P4/*

"_INCH DIAMETERDevelopment Date ___' ____

DRI]LLED HOLE Development Technique

•WELL CASING

, INCH DIAMETER
Pvc Water Removed 91k/-gals.

C3- BACKFILII. .,.

- GROUT Static Depth to Water &.!7 ft. below

BENTONITE SEAL: 0 SLURRY
0 PELLETS Comments

- GRAVEL PACK
61 SAND PACK to i•-

-C FORMATION
•0LL APSE

"-- WLL SCREEN

L- INCH DIAMETER
~~C~N~TERSLOT ___________

Depths From Ground Surface Prepared E•
Unless Otherwise Noted Prepared By .U Lth4i



*MK-INVIROINUMETAL SERVICES

RMA Well Completion Record

I WellNumber OZSOProject like tdado(rWi(4£/9(d,

Borehole Number (~4Date gU 6521

Surveyed Surveyed
Location 1 7"? 0IQ - ,. 2 . N Elevation GS S22 176 ft.

21iflo11 3SO E TOC .,d. _.Itl.

Installation Date q/OV5Z

Drilling Method R6II-0a tCi.,A461
. GRUND URFAEDrilling Contractor -4-ay n

Drilling Fluid it//

Development Date i{ I/'
. I INCH DIAMETER

DRILLED HOLE Development Techniqlue d .. .

"A P,• WELL CASING
//I I//J I,,INCH DIAMETER

±i~UEERWater Removed gais.

Static Depth to Water ft. below

-jf~t. 4 SS&n TOG

BENTONITE SEAL: 0 SLURRY
B PELLETS Comments

• 1{I :;..I r .OC GRAVEL PACK
' SAND PACK

'. FORMATION.'. I I ;.• CLLAPSE

WELL SCREEN

.LINCM DIAMETER•, .•'•SLOT

Dep•ths From Ground Surlace .J0
Unless Otherwise Noted Prepared By t d



O MK-.. N- .O NTAL SERVICES

al mqlllinw qm .tI~ew...M

RMA Well Completion Record

Well Number O ?IProject t4ake Lxtclm w&1ef5

Borehole Number P" Date

Surveyed Surveyed
Location 19 -3.3., 4 z N Elevation GS 523,1. 4T ft.

2I S/IS_26 17 E TOC s 2-6ft.

Installation Date-

Dnrling Method P/-tlid T44,. A4 "
GROUND SDrilling Contractor t.-f ̂ AGON SURFACE

Drilling Fluid /•A

7AT Development Date A// A-•_INCH DIAMETER

DRILLED HOLE Development Technique All

Water Removed MIA- gals.

6GROUT Static Depth to Water f. ... ft. below

jo~ ~ iosi5 TOG
SENTONITE SEAL: 0 SLURRY

ly3 14 1 fL Comments ________ftL,,. %o.,.,%*Q
. GRAVEL PACK
C SAND PACK

O FORMATION
C#LLAPSE

-- WELL $CRM•.

_NH DIAMEZER
, SLOT

lDepths 
From Ground Surface '2_; t

Unless Otherwise Noted Prepared By / &Ad



O K4EWVlR0NENTAL SERVICES

RMA Well Completion Record

Well Number t2 E.J Protect Zaie~ /dtedleL (KAq/r

Borehole Number______iE Date 1/09.2 ___

Surveyed Surveyed
Location N ?• 2 0-4-. IS" N Elevation GS 522. ft.

""19 02 E TOc -Z-4(. ?A) it.

Installation Date Q #'•2-./'

Drilling Method dI/ak•Ah ,"f," i~i'f"

"ANOUND SURFACE Drilling Contractor _ _-_ _-._

Drilling Fluid _ _ _ _ _ _ _

-DIAMETER Development Date Al Zsi4
DRILLED HOLE Development Technique

•W•fLL CASING

INCH DIAMETER
Water Removed /V/i - gals.

-r BACKFILL
-- ROUT l Static Depth to Water 1 ft. below

?'o5V3 TOG

BENTONITE SEAL: 0 SLURRY
. PELLETS Comments

r--C" GRAVEL PACK

-(N SAND PACK /0-2.0
LO FORMATION

COLLAPSE

-WgLL SCREEN
,I&NCH DIAMETER

-7VC SLOT

Depths From Ground Surface
Unless Otherwise Noted Prepared By ' 'yU



OMIK-NVIIR1ONMENTAL S1ERVIES

RMA Well Completion Record

WOW Number Oz. :3 3 Proiect --.A_ e L.,, g, ,,. (,

Borehole Number " 7 Date q10 522

Surveyed Surveyed
Location I ?• R 21 . 5S2 N Elevation GS 5 223. 02 ft.

219 I6b. 2bA E TOC 522g!.? ft.

Installation Date 4(0520
Dnlling Method kA/Iai/ P•eg AA4^,w

:7j:. ,GROUND SURFACE Drilling Contractor _ _ _h_

D".llng Fluid

- 77INCH DIAMETER Development Date Al
DRILLED HOLE Development Technique /I'

WLL CASING
INCH DIAMETER

Water Removed. - gals.
,.-1'0 BACKFILL

1-l GROUT t E /j" Static Depth to Water . / ft. below

-'_t. 501k ,qIO42A TOC

BENTONITE SEAL: 0 SLURRY

161 - PELLETS Comments

r-C- GRAVEL PACK
.- •, SANO PACK /0o.- ___

L FORMATION I r.oa /
_MjLLAPSE

* JLL SCREEN46•C DIAME't t-R

.NF,_. -01 SLOT

Depths From Ground Surface J•9 i'Q" .//
Unless Otherwmse Noted Prepared By It s



OAMK4NVINCNMEXTAL SERVICES

.e "agm "sm .e "i

RMA Well Completion Record

Weo Number _ 25__3q _ Project Ie4 e A dtz/4 C, /"

Borehole___ Nubeate _ _ _ _ _

Surveyed Surveyed
Location /?7 6/S Z,/'' N Elevation GS 62.3p. 2 f> lt.

I •l /____-_. _____ E TOC S233. #,V f,

Ins.allation Date '?/ 0 5 2 0

Drnlling Method ll,/-/r&.a 5 &4 -

GROUND SURFACE Dnilling Contractor A-0,____

Drnling Fluid 4,

-- DIAME" O,,.STER Development Date _ _ _.

DRILLED HOLE Development Techniu c V/1.

T. CH IAMER

Water Removed gals.

"--E GROUT 'r.. .. "/IjT Static Depth to Water - ft. below

",BENTONITE SEAL: 0 SLURRY

1 " PELLETS Comments

.C GRAVEL PACK
JSAND PACK ,_ __

0 FORMATION
,•OLLAPSE

SWJ LL SCREEN

CH• DIAMETER
U, -02417 SLOT

Depths From Ground Surface
Unless Otherwise Noted Prepared By •



O MK4VWSITL SERVC13

RMA Well Completion Record

Wel Number 02 35" Project L& zLdC,- .,/.,

Borehole Number - Date '?IV-Z..

Surveyed Surveyed
Location /7 6 02 6, 91 N Elevation GS £ ft.

219lu1 W: E TOC 52• A. r flt

Installation Date t•f Or 2 0

Dnlrq Method 1/ C*-IA le

Drilling Contractor 4vAjeoe
SRUDRACDrilling FluId 4//47.r Develomet Date Al"l

INCH DIAMETER
DRILLED HOLE Development Technqlue

SWELL CASING

IP D~IAMETER

"Water Removed gals.

-C3 BACKFILL
GROUT Y._• t..r,!)r Static Depth to Water It. below

,BENTONITE SEAL: 0 SLURRY

3 *PELLETS Comments

. C GRAVEL FACK
ISAND PACK /0-2 a

FORMATION
rOLLAPSE

VALL SCREEN

INCH DIAMETER•,LOT

Depths From Ground Surface Prepared6By A0 , /e' (w) .1
Unless Otherwise Noted" -



RMA Well-Point Completion Record

WaN Point ube 0201,( Proiect 4ka £•lwayf 4(e /)Y-
Behol Numbe 6P- Date _ __o SU _

Sunywm Surveyed
Location 7? 13 . . 21 N Elevation GS S2 .. ft.

___________. _ _ E ToC 52i2 .L.6.h.

-- CA Installation Date____________

Drilling method 0llyi~i ASd&

Drilling Contractor____________
N SDrnling Fluid N/vA

Development Date /V'

1 INCH DIAMETER Development Thrqueh/
PILOT BOREHOLE

RISER PIPE
_. INCH OIAME'rgR,. /,
Mrt. ya qfe0,/ Water Removed - i-" gals.

____ NO. OF
COUUNGS /Static Depth to Water . ,L. ft. below

ar TOC
- ft. PILOT BOREHOLE

Comments

WELL POINT
INCH DIAMETER,

-Tce. siye'.
.02o SCREEN

SLOT

Depths From Ground Surface
Unless Otherwise Noted Prepared By



RMA Well-Point Completion Record

WON Pomnt Number 0 2. a7 Project Z-4k s444 e'4 4411S
BoreholeNumber_ ______ Date ?105-23

Surveyed Surveyed
Location 17"7 10 3. I f N Elevation GS 52 L22 L.t.

:2 1101 Ill, . r'0' E TO(C S-.m 1 .

CAP Installation Date 9 tC %. 3

Dnlling Method AV 0. 5A.', a d.

Drilling Contractor _______
S..- ROUND SURonFing Fluid 4/A

Development Date A//lA

- INCH DIAMETER Development TechniqUe
PILOT BOREHOLE

RISER PIPE

..-.ZINCH DIAMETER,Sam.. sa -ige" Water Removed / -gals.
NO. OF

COUPLINGS I

Static Depth to Water 12. 5(k ft. below

TOC
-- .ft. PILOT BOREHOLE

Comments

WELL POINT

. INCH DIAMETER,

*@•O SCREEN
SLOT

-/Ot't.

Deths From Ground Surface Prepared.By
Ue OPrepared By



* *UINVUONMENTAL SERVICES

RMA Well-Point Completion Record

Wed Point Number 0 Z •3. Pro, k /_,P4,

BoreholeNumbe• ___-_3 Date q14S'2.3
Surveyed Surveyed
Location I7"7 2 3. )71 N Elevation GS 272U- &C.ft.

'2T I L. "74'2 E TOC 52A'7. 21 ft.

CAP Installation Date_ _1•'*___

DnDling Method kS4 "S,,_ ./•_./'4•_•,.,.u

2.)7.jft. Drilling Contractor _-

GROUND SURFACE Drilling Fluid_ - __ __ _

Development Date ,_ _ _ _

-!!INCH DIAMETER Development Technilue
-PILO BOREHOLE

RISER PIPE-_2-INC H DiAM9TrEl•,

sc. W VieelWater Removed j . . gals.
NO. OF

COUPLINGS •
Static Depth to Water 1/2. ft below

-5-ff PILOT BOREHOLE 
O

Comments

WELL POINT
7. INCH DIAMETER__
IC(P. i4o $Ace

7•.0O SCREEN

SLOT

- t__ -Oi.

Depths From Ground Surface A1,•-
Unless Otherwse Noted Prepared By

_.



*0"MKIWOM6NTAL SERVICES

RMA Well-Point Completion Record

Iwo, Point Number 02z5T3' Proiect / 4k 444vý 6/1-1* 1

Borehole Number '- Date q_ _ _ _-_-

Surveyed Surveyed
Location Id"'72't&. 73 N Elevation GS 523 - ft. ft.

"_____t_7_ _ __7 E TOC 2 3S• a ft.

CAP Installation Date 9, tk<'2-.'-Z

Drilling Method #54 0"- W,,', e,.

G N RFCDrilling Contractor _. _u_,_,_

"97 r GROUND SURFACE Drilling Fluid /1A

Development Date __ i___/_

. _INCH DIAMETER Development Technique "M/I
PILOT BOREHOLE

RISER PIPE
2- INCH DIAMETER, gl//A

-';1. V0 T4,r f Water Removed.
NO. OF

COUPLINGS2 Static Depth to Water /I /0 It. below
£ 'TOC

- .ft. PILOT BOREHOLE

Comments

WELL POINT
,-INCH DIAMETER,

S02 0 SCREEN
SLOT_

Depths From Ground Surface P a By
Unless Otherwise Noted Prepared By (
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Sample/Core Log
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"Well Development Worksheet
for 2 inch Wells

C1 C2 C3 C4 C5 C6 C7 C8
Wal No Total Oupth HMM- Anrma Water Vokoue WAler Vokms Mbwumj

W tO wt in 7A4 BorehoW in 10" Borehole W omDot. * %,M" CdlM (in.) [(C4XO.75)] C(c4x•1•48)] RE01)cU or C7X5)]
(_____ ______ __ (gal.) (gal.) (gal.)

23 (M3) li.'! .. I...' -. ,-S 7. V- ,

I I

' Relerance • T.O.C.



APPENDIX C

RESPONSES TO COMMENTS ON THE

DRAFT IMPLEMENTATION DOCUMENT

OTHER CONTAMINATION SOURCES

INTERIM RE'ONSE ACTION

SOUTH TANK FARM PLUME



RESPONSES TO COMMENTS BY THE
U. S. ENVIRONMENTAL PROTECTION AGENCY

GENERAL COMMENTS

1. In a special committee meeting held by the OAS on March 13,

1991 to resolve the STFP dispute, the Army indicated that
continuous water-level measurements were recorded for Lake

Ladora. EPA requests inclusion of these data for May and
June 1991.

3•neuUsg : Table C-1 presents the information requested by
the EPA.

The Army typically collects lake level measurements every 2

hours, 7 days a week. These readings are recorded from the. Army's staff gages for both Lower Derby Lake and Lake
Ladora. At the end of the month, the Army averages the

readings for a daily level. These data are readily
available from the Army. To monitor variations in the lake,

Shell examines the lake level log sheets for variations from

typical management procedures and records a single

measurement for two days per week (keeping a record of 8 to

10 readings per month). In addition, Shell records water
levels for the lake staff gages whenever water levels are

measured in the wells.

Due to management practices for the lakes, slight

fluctuations in lake levels are inevitab •. For example,

Lake Ladora is typically brought up to level (12.9 feet on

the- staff gage) and allowed to decline a little (0.1 to 0.2

feet) before the lake is brought to level again. For Lower

Derby Lake the water level drop is generally on the order of

0.5 to 1 feet before the lake is brought back to a level of

C-1



TABLE C-1. LAKE LADORA ARMY STAFF GAGE READINGS

STAFF GAGE STAFF GAGE STAFF GAGE
READING READING READING

DATE (FT) DATE (FT) DATE (FT)*

01-May-91 12.8 01-Jun-91 12.8 01-Juil-91 12.7
02-May-91 12.8 02-Jun-91 12.8 04-Jul-91 12.7
0-M-91 12.8 03-Jun-91 12.8 08-Jul-91 12.8
04-May-91 12.8 04-Jun-91 12.8 11-Jul-91 12.7
06-May-91 12.8 05-Jun-91 12.8 15-Jul-91 12.85
06-May-91 12.8 06-Jun-91 12.8 18-Jul-91 12.7
07-May-91 12.8 07-Jun-91 12.9 22-Jul-91 12.8
08-May-91 12.7 08-Jun-91 12.8 25-Jul-91 12.8
09-May-91 12.7 09-Jun-91 12.8 29-Jul-91 12.9
10-May-91 12.7 10-Jun-91 12.8
11-May-91 12.7 11-Jun-91 12.8
12-May-91 12.6 12-Jun-91 12.8
13-May-91 12.6 13-Jun-91 12.8
14-May-91 12.6 14-Jun-91 12.7
15-May-91 12.6 15-Jun-91 12.7e -91 12.6 16-Jun-91 12.7

-91 12.7 17-Jun-91 12.7
-91 12.9 18-Jun-91 12.7

19-May-91 12.9 19-Jun-91 12.7
20-May-91 12.9 20-Jun-91 12.9
21-May-91 12.8 21-Jun-91 12.9
22-May-91 12.8 22-Jun-91 12.9
23-May-91 12.8 23-Jun-91 12.9
24-May-91 12.9 24-Jun-91 12.9
25-May-91 12.9 25-Jun-91 12.9
25-May-91 12.9 26-Jun-91 12.8
27-May-91 12.8 27-Jun-91 12.8
28-May-91 12.9 28-Jun-91 12.8
29-May-91 12.9 29-Jun-91 12.8
30-May-91 12.8 30-Jun-91 12.8
31-May-91 12.8

A STAFF GAGE READING OF 12.9 FT EQUALS AN ELEVATION OF 5219.96 FT ABOVE MSL

"- MEASUREMENTS ARE FOR APPROXIMATELY 12:00 NOON
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. 16.5 feet on the staff gage. These changes typically occur
within a few days. However, these short-term fluctuations
do not affect the overall hydrologic influence of the lake

on the local groundwater.

2. We recommend that daily water levels be recorded at the Lake

Ladora pump house. Also, quarterly staff gage readings at
all staff gages for both Lake Ladora and Lower Derby Lake at

the time that the wells are measured are recommended.

Reuggn: See the response to General Comment 1.

3. The inoperative drive-point wells need to be replaced by
operative wells as soon as possible, but before the next
water-level measurement event. It is suggested that drilled

piezometers can be used, based on past experience at these
locations.

.n: Shell is currently undertaking other options for
unplugging the four well points at issue (Wells 02536,
02537, 02538, and 02540). If these well points can not be
unplugged, they will be replaced prior to the next

quarterly-water level measurement event.

4. Paae 3-1. Section 3.0. The Implementation Document needs to

include the contingency actions that will be implemented if

the results of the quarterly water-level measurements
indicate that groundwater may be flowing into Lake Ladora.

At a minimum, the four new monitoring wells installed along
the eastern edge of the lake should be sampled and analyzed
as agreed in the Army's dispute resolution letter of

April 8, 1991.

jfl3_e: The contingency actions requested by the EPA were

outlined in the Army's April 8, 1991 letter regarding the
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.agreements reached during the special RXA Committee meeting

of March 13, 1991. This letter states:

If evaluation of the water level monitoring data
indicates groundwater may be flowing into Lake Ladora,
and this process can not be controlled by managing the
lake elevation, the Army agrees to collect groundwater
samples from selected wells near Lake Ladora and
analyze at a minimum for those compounds identified in
the EPA's September 24, 1490 letter, Specific Comment
2, on the Proposed Decision Document ....

Water-level monitoring results show that the inflow of

groundwater to Lake Ladora is controlled by maintaining the

lake level. Therefore, according to the agreements outlined

in the April 8, 1991 letter, it is not necessary to collect

further groundwater samples.

The Army's agreement to conduct water sampling near Lake. Ladora, if groundwater flow could not be controlled by lake
management, would not be a future phase of the IRA.

However, as stated in the April 8, 1991 letter:

The results of the monitoring and sampling
programs will be used in another phase of
assessment and decision under the STFP IRA
per the FFA process for 'Other Contamination
Sources' IRAs.

It is therefore, inappropriate to include mention of

additional sampling within the current IRA documentation.

5. From the information presented in this report, it is not

necessarily conclusive that a reverse hydraulic gradient

from the lake to the groundwater will be created even if the

lake is maintained at 5220 feet. Therefore, to ensure that

this reverse gradient is established, the lake would have to
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be raised and maintained continuously at an elevation of

5221 feet above mean sea level. The continuous water-level

measurements being made in the lakes should be provided in

the Final Implementation Document.

Rlann: Regarding the water level measurements, please
reference the response to General Comment 1.

While the information contained in the Draft Implementation

Document and subsequent water level measurements (included

in this document) show that maintaining the lake level at
5220 feet would be sufficient, raising the lake level to

5221 feet would indeed ensure that a larger (hence more

conclusive) reverse gradient is established.

The Army is currently assessing the need to repair the dam

on Lake Ladora. If repairs are required, it would be a good

opportunity to increase the capacity of the lake such that

0higher lake water levels may be maintained.

SPECIFIC COMMENTS

1. Page followina page 3-5. Figure 6. One of the piezometer

locations is reported as Well 01231. This appears to be a

typographical error. This location corresponds to Well

02531 shown on Figure 5. Please confirm this well's proper

identification number and correct Figure 6 accordingly.

Repous: The well number has been corrected on the figure.

2. ADDendix A. pace A-1. second Daragraoh. The changes in

water-table elevations since .)ecember 1990 are discussed in

this paragraph. Please specify the actual amount of

relative water level change discussed in this paragraph.
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. Responass The discussion provided in this paragraph is

intended to qualitatively provide a general overview of the

STFP area groundwater hydrology. This comparison is with

respect to the results of the Fall 1990 water level

measurements as provided in Figure 2-2 of the Final Decision

Document (Shell 1991) or Figure 5 of the "Results of the

Verification Monitoring Program, South Tank Farm Plume, RMA"

(Shell 1990). The "actual amount of relative water level

change" may be obtained by directly comparing the Fall 1990

water level for a specific well with the June 1991 level for

that same well.

3. Appendix A. Dage A-2. Please clearly specify: exactly how

many staff gages were installed; in which lake(s) they were

installed; the date(s) measured; and the elevation datums

for all staff gages, whether previously existing or new.

Please show the location of the existing staff gages (and

newly installed gages) on Figures 8 and A-I.

ReSPOnse: Two staff gages were installed on the eastern
edge of Lake Ladora. One is aligned with Wells 02527 and

02528, and the other was originally aligned with Well 02535.

As stated on page A-2 of this document, this staff gage was

relocated to the southern end of the lake on August 7, 1991.

The text and figures have been modified according to the

EPA's request.

4. A0Dendix A. Dage A-2. third D2araraDh. second to the last

sentence. Well point 02539 was reported as unplugged after

using a variety of well development techniques. However,

the water-table elevation measurement for this well was not

given. Please provide this information on Figure A-1.

Response: A water level was not provided for Well 02539
because the well was unplugged after the water level
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measurements for the entire area had been collected. Water

levels for this well have been provided for subsequent water
level monitoring episodes.

5. A22endix A. 2aae A-3. first paragraph. second sentence.

Please explain the statement that the surface-water
elevation, as measured at staff gages along the eastern and
western edge of Lake Ladora, ranged from 5219.76 to 5219.95.
Is this a temporal or spatial range in elevations? Please

provide a table of all water-level elevations in the lake at
all staff gages during the period of this investigation.

Replonse: As stated in paragraph 2 on page A-2, the
existing Army staff gages on Lake Ladora and Lower Derby

Lake and the new staff gages along the eastern edge of Lake
Ladora were resurveyed by MK-ES. The results of this survey
showed that the water surface elevation was the same at the
two staff gages on the northern portion of Lake Ladora. The

i same has been true during subsequent measurements. It is an
accurate conclusion that the lake water level is uniform

throughout the lake between the staff gages. Hence, the
observed changes in lake elevation are temporal. As per the

EPA's request, a tabulation of the lake level measurements
has been provided. In addition, please reference the
response to General Comment 1.

6. A2Dendix A. Daae A-3. second and third Daragraohs. The
differences in water levels near the lake are very subtle

and do not definitively support the conclusion that there is
a hydraulic gradient away from the lake for a distance of 50
to 100 feet. However, this possibility may exist, but to
only a limited degree, if the lake is maintained at a

minimum elevation of 5220 feet above mean sea level.
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The lowest groundwater elevation measured for the first
round of water levels in the new wells was 5219.64 feet in
Well 02530. Other wells at approximately the same distance
from the lake both to the north and south of Well 02530 show
groundwater elevations above the lake's water level. For
instance, Wells 02528 and 02001 to the north of Well 02530
are reported at 5220.08 feet and 5220.45 feet. The water-
level measurements reported for the paired Wells 02527 and
02528 indicate an upward hydraulic gradient, a common
observation in areas of groundwater discharge, such as to

lakes, rivers, and swamps.

Ieutgn' Regarding raising the lake level to 5221 feet and
respective modifications to the spillway or dam, please
reference the response to General Comment 5.

Water level data collected more recently (and included in
this document) has shown that there is a more pronounced
hydraulic gradient away from the lake. In addition, the
more recent data shows a downward vertical gradient for both

sets of paired piezometers.

7. A22endix B. Please provide complete geologic logs for the
borings used to install the new wells and piezometers.

Also, please provide a reference to the records for the
development of these wells.

ReaM : Per the EPA's request, the boring logs have been
included, as have the records of well development.
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RESPONSES TO COMMENTS BY THE
U.S. DEPARTMENT OF INTERIOR

FISH AND WILDLIFE SERVICE

1. On page A-2, it was stated that five of the well points to
measure water-level were clogged. After additional efforts

were taken, only one well point was unplugged. No water-

level data was taken from the remaining four well points.
Will these wells be redrilled so a total of nineteen wells
are used in determining water-level between the lakes and

Sand Creek Lateral as agreed by the OAS?

R5gnse: Please refer to the response to EPA General
Comment 3, regarding the replacement of the four plugged

well points.

2. It appears from your first round of water-level monitoring

that groundwater along the eastern edge of Lake Ladora is
not expected to impact Lake Ladora, assuming hydrogeologic
conditions remain similar to those currently observed.
Continual monitoring will determine if these conditions are

maintained.

R3ghse: The Fish and Wildlife Service's assessment of the
first round of water-level monitoring is correct. For
further details, please refer to the response to EPA General

Comment 1, regarding continual monitoring of the lake's

water elevation.

3. As a final comment, the Service would like to reiterate that
although we have concurred with the proposed monitoring

plan, the Service remains concerned in regards to the other
contaminants present in the South Tank Farm Plume area

(including chloroform, chlorobenzene, cyanide, and
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dieldrin). The Service notes that cyanide, dieldrin, and
other organochlorine pesticides have not been included in

the analytical program Page 3-4, Table 1. These compounds

have been included in previous analytical efforts. Why have

they been deleted from the program?

IegInsIe: A detailed explanation of this issue was provided

in the response to the EPA's General Comment on the Draft
Final Decision Document for the South Tank Farm Plume IRA

(Page A-1 of the Final Decision Document for the STFP IRA).

In addition, according to the Army's April 8, 1991 letter,
the Final Decision Document for this IRA was accepted by the

organizations, given the conditions outlined within the

letter. The Army's letter explains under what condition

additional samples would be collected and analyzed for other
compounds (please reference the response to EPA General

Comment 4). As such, the organizations accepted the

monitoring and sampling program described in the Final
Decision Document (and subsequently included in this

Implementation Document).

0 C-9



RESPONSES TO COMMENTS BY THE
COLORADO DEPARTMENT OF HEALTH

GENERAL COMN[ENTS

1. In its June 6, 1991 letter to the Army regarding the South
Tank Farm Plume Dispute Resolution, the State requested that

criteria upon which the water quality sampling program

identified in the Army April 8, 1991, letter to the State
would be initiated, be included in the Final Decision
Document; however, the criteria were also not included in

the Draft Implementation Document. Please include the
requested criteria in the Final Implementation Document,

possibly in Section 4.2.

Resaoans: The criteria upon which additional groundwater
sampling would be undertaken by the Army, were clearly

defined in the Army's April 8, 1991 letter (see response to

EPA General Comment 4).

In its June 24, 1991 response to the CDH's letter of June 6,

1991, the Army states:

After review of the Draft Implementation
Document, the Army will determine whether
chemical analysis should be performed as
stated in the April 8, 1991 letter. It
should be noted, however, that the chemical
analysis program would not be a part of the
implementation of this IRA, but rather a
separate study (i.e. a chemical analysis
program will not be identified in the
Implementation Document).

Therefore, these criteria are not included in this IRA

document.
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*2. The State and EPA both provided comments to the Army by

March of 1991 on the Verification Monitoring Program

Document. Although these comments and responses to the
comments are not required as part of the Interim Response

Action, the comments are directly applicable to sections of

the Draft Implementation Document, and would help to clarify

certain sections of that report and to minimize duplication

of effort (for example, several of the questions presented

in the prior comment package have been repeated in the

comments on the Draft Implementation Document). Therefore,

please include responses to comments on the Verification
Monitoring Program Document in the Final Implementation

Document.

eDLgh•in: As stated by the CDH, the Verification Monitoring

Program Document was not an IRA deliverable requiring

responses. None will be furnished because responses to

repeated comments have already been provided. Due to the

excessive comments which have been processed regarding this

IRA, Shell believes resources were better allocated in

completing work required to progress the IRA.

3. Shell continues to reference and make interpretations based

on data not included in the RMA Environmental Data Base (see

Specific Comments 1 and 4). All data included in the

database have passed RMAPMO validation, whereas the status

of QA/QC procedures for data not included in the database

cannot be verified. Therefore, the State is not able to
properly evaluate data referenced by Shell but not included

in the database. In an April 4, 1991 letter to the Army,

the State requested that procedures followed by the Army for

submittal and acceptance of dat. to the RMA Environmental

Data Base also be required of Shell; only in this way can

all parties be assured that referenced data have been

properly validated. We again request that all Shell data be
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included in the database, that procedures followed by the

Army for submittal of data to the database be followed by

Shell, and that only those data included in the database (or

submitted to the database and under review) be referenced in

RKA letters/documents.

hesonas:e Shell has submitted the data to the RMA

Environmental Data Base.

4. Prior to the artificial rise in surface water elevations of

Lake Ladora, the eastern side of the lake served as a

groundwater discharge area (Potential Migration of
Contaminated Groundwater to Lakes Ladora and Lower Derby,

December 1990, p. 1, Conclusion b.); however, increasing the

elevation in the lake will cause discharge from the lake to

the groundwater (and possible dissolution of contaminants in

the sediment), and bypass of the upgradient groundwater

around the lake. The impact of this modification on the

flow system does not appear to have been evaluated by the

Army or Shell. Examination of the unconfined flow system
water table elevation map (Comprehensive Monitoring Program

Annual Ground Water Report for 1990, Draft Report, February

1991, Figure 4.1-4) indicates that groundwater which would

migrate around the lake to the north and south would then

move to the west-northwest, eventually migrating offpost in

either Sections 28 or 33, and possibly Section 27.

Cvrrently, no CMP wells exist in the area to the west-

southwest of Lake Ladora; therefore, wells in this area

would have to be added to the list of annual monitoring

wells as part of this IRA. We request a meeting with Shell

and the Army to finalize selection of monitoring wells in
this area to determine how the increase in surface e'ater

elevation affects the local hydrologic regime.
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Wells do exist to the north of the lake, and data from these
wells indicate the presence of dieldrin, chloroform, and

DIMP. It is not known how bypassing of groundwater around

the lake to the north may influence the distribution of

these analytes, but a probable impact will be dilution and
di3persion of the contaminants, possibly making remediation

more difficult, time-consuming, and expensive.

Respnse: There is no artificial rise in surface water
elevations of Lake Ladora. Figure 2.4-28 of Appendix F of

the Final Water RI illustrates that the general lake

management practices described in the response to EPA
General Comment 1 have been ongoing for several years.

According to this management practice, the average lake

elevation is approximately 5219.5 feet. In the past six

months this practice has been modified for Lake Ladora to

decrease the level fluctuations. Conclusion b of the

December 1990 report is in error regarding the status of

0 Lake Ladora and the average lake elevation, as it pertains
to the last 5 plus years.

5. An examination of the limited temporal chemical groundwater
data from wells located within the South Tank Farm benzene

plume, and wells located on the downgradient and lateral

edges of the plume, indicate that there may be cyclicity in

the data, and that the cyclicity in the two sets of wells

are lagged. Wells within the plume appear to have peak

concentrations in the months of November/December (fall

sampling episode) and decreased concentrations in spring,

while wells on the edges of the plume appear to have peak
concentrations in March/April (winter and spring sampling

episodes) and decreased concentrations in the latter part of
the year. Examples of well data on which the above

observations are based are presented below.
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Benaene Date-1 Location 4 Increase
w Concentration Sample With Respect (+) or
0 N.... lug1Clt Zl n Decrease (=J-

02583 18,900 90080-2 In +25%
23,600 90305-3

02576 9,430 90086 In +100%/+400%
18,900/47,200 90304

02501 37,700 90094 In +25%
47,200 90305

02502 18,900 89108-4 In +75%
33,000 90305

02503 5,660 89107 In +67%/+133%
9,430/13,200 90304 in

02580 20.8 90081 Edge >-87%
<2.7 90302

02578 13.2 90081 Edge >-at
<2.7 90299

02504 1,420 89107 Edge -95/-93%
70.8/94.3 89313 -99% in all
377/472 90093 cases
3.87/3.96 90303

S 1. -- Julian date.

2. -- The 80th day of 1990 is equivalent to March 21, 1990 (fiscal year
winter or spring sampling programs).

3. The 305th day of 1990 is equivalent to November 2, 1990 (fiscal
year fall sampling program).

4. Data are not available for spring of 1990, so data from spring of
1989 used; 75% increase is probably greater than if data from the
same year had been available.

Chemical data are currently limited to annual, and sometimes

semi-annual sampling programs; a much greater sampling

frequency would be necessary to better define peaks-troughs

in the data and interpret the cause of the cyclicity.

Although the observation regarding cyclicity in the benzene

data is based on a limited temporal data set, the semi-

annual changes in concentrations are great enough that the

variation in benzene concentrations should be investigated.
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. This is especially important in defining the downgradient
extent of the plume. If cyclicity is present in any well

defining the edge of the plume (e.g., in 1989, Well 02504

showed a decrease in benzene concentrations from 1420 ug/1
to approximately 90 ug/1 in 6.5 months; the next year, a

similar decrease from approximately 400 ug/1 to 4 ug/l was

noted over the same time period) then, at the very least,
the well should be sampled during the period when

concentrations in the well reach a maximum. Currently,

there is no understanding of the temporal variations in
concentration, or of the magnitude of the changes. To

correct this and optimize data collected as part of the IRA

sampling program, the State requests that two wells, one

within the plume and one on the downgradient edge of the

plume (Wells 02576 and 02504 respectively), be sampled only

for benzene on a monthly basis for a period of one year.

This program will provide information on: 1. cyclicity in

benzene concentrations; 2. the magnitude of changes in

benzene concentrations; and 3. lag times between

maximum/minimum concentrations in wells on the edge of the

plume versus wells within the plume. Based on findings from
this study, it is possible that the chemical sampling

program may have to be changed from its current year fall

schedule.

ReUgon: Benzene was detected in Well 02504 and not in

Wells 02505 or 02506 of the Phase II monitoring program

during May 1990. These results are considered more accurate

than the Phase I results cited by the State (see the

response to Specific Comment 1 below). The Phase II results

clearly indicate that the benzene plume has been adequately

characterized, and the leading edge of the plume is

somewhere downgradient of Well 02504 and upgradient of Well

02505. This has been the case for over 2 years (as

demonstrated by the data provided in the State's comment),
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. resulting in the conclusion that the leading edge of the

STFP is migrating at an immeasurable rate and the plume is

not going to impact Lake Ladora.

SPECIFIC COMMENTS

1. Page.31. Shell states:

Results of the verification sampling program show
the results to be consistent with the Spring 1990
conditions.

This interpretation is based on a comparison between Shell's

spring and fall 1990 benzene data, as shown in Figures 18

and 23 of the Verification Monitoring Program Document.

However, examination of spring 1990 data in the RMA
Environmental Data Base indicates that Wells 02505 and. 02506, located downgradient of the leading edge of the plume
as identified by Shell, had benzene detections of 10.4 ug/l

and 13.2 ug/l, respectively. A Phase II program conducted

in May of 1990, the results of which are listed in

Appendix A of the Hydrogeologic and Water Quality Conditions

South Tank Farm Plume, RMA, May 1990, but not included in

the RNA Environmental Data Base, resulted in benzene values

below CRLs for both wells, and these were the data accepted

by Shell, though with no explanation. Without such an

explanation as to why the original data are not valid, the

spring data indicating benzene detections cannot be ignored.
Additionally, the first sampling round occurred in the time

period when concentrations appear to be higher in wells in

the edge of the STFP than at other 'imes of the year

(General Comment 5). Therefore, until and unless subsequent

data sampling events verify that the benzene detections in
Wells 02505 and 02506 were anomalous, the conservative
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assumption is to assume that low concentrations of benzene

are present in these wells, and that the leading edge of the

plume is dispersed and not as well-defined as currently

presented. Please modify the text accordingly.

Please refer to the response to General Comment 3 above.

Phase II of the Spring 1990 sampling program was conducted
to assess the extent of sample cross-contamination during

the Phase I investigation. The results of the Phase II

sampling are considered more accurate than the Phase I data

because a sequenced sampling approach was utilized and more

stringent decontamination procedures followed.

2. Paae 3-1. Shell states:

The latest distribution of the target analytes,
particularly benzene, indicate that the plume not only
has not advanced but has receded slightly since the
Spring of 1990.

As pointed out by the State in its February 20, 1991 letter

to the Army regarding the Verification Monitoring Program

Document (Comment 4), benzene concentrations at the

downgradient extent of the plume appear to increase in the

spring months (March and beginning of April) and decrease

during the fall and winter months. The benzene

concentrations and sample collection dates for Well 02504,
which defines the downgradient extent of the benzene plume

as currently identified by Shell, are again presented below:
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Benzene Sample
Concentration Collection
(ua/l)

1420-1 89107
70.8/94.3 89313
377/472 90093
3.87/3.96 90303

1 -- RNA Environmental Data Base.

The reason for the cyclic behavior of the concentrations is

not clear (General Comment 4); however, because of the

cyclicity, the data should not be used to make
interpretations about changes in the extent of the plume

based on one fall sample.

Additionally, Shell states that the fall 1990 distributionS of the other Shell-defined target analytes (toluene, xylene,
DCPD, and BCHPD) also indicates that the STFP has receded
slightly since spring of 1990. However, examination of

Figures 24-27 in the Verification Monitoring Program
Document indicate that matrix interference effects and the

resultant high CRLs for the contaminants in the areas of
historical contamination make it impossible to compare these
data with the spring 1990 data. Therefore, the State again
requests that this statement be deleted from the text.

lgnase: Please refer to the response to General
Comment 5.

3. Figure 1. The figure indicates that Well 01538 was sampled
during the fall 1990 sampling program, and Well 01537 was
not. Based upon the Appendix to the Verification Monitoring
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Program Document, these two wells should be reversed; please

modify the figure accordingly.

Jeainus: Figure 3 has been corrected.

4. P&U 3-2. Shell states that wells included in the annual

monitoring network were selected to verify the location of

the leading edge of the plume. However, the lateral extent

on the northwest side of the benzene plume also needs to be

characterized. Examination of well data on the RHA

Environmental Data Base indicates that several wells located

in the saturated alluvium north of the unsaturated alluvium/

weathered Denver Formation in which the majority of the

plume is migrating, have benzene detections. These wells
and the corresponding benzene concentrations and sampling
dates are listed below:

Benzene Sample
Concentration Collection

Well No. (Dtuaal

02580 <2.7 89104
20.8 90081
<2.7 90302

02034 13. 88349
6.17 89145
2.7 89312
7.69 89363

(Well 02518 was only sampled on 89101, and had a benzene

value and duplicate value of <2.7 ug/1, and 37.7 ug/l;

therefore, these data are inconclusive.)

Well 02578, located along the northern boundary of the

unsaturated alluvium and the benzene plume, had the
following benzene detections:
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Benzene Sample
Concentration Collection
(ua/1 D

13.3 88110
<2.7 89107
13.2 90081
<2.7 90299

while Well 02514, downgradient of Well 02578, had no benzene
detections above a CRL of 2.7 ug/1 (two measurements).

Therefore, to evaluate the northwestern extent of the plume,
we request that the following wells be added to the annual

water quality monitoring program: 02580, 02514, and 02516.

Depending upon data from these wells, the program may have

to be modified further.

Iehfmnn: The annual monitoring program is intended to
verify the location of the leading edge of the plume as itO pertains to the original objective of this IRA. As stated

on page 1-1, the original objective of this IRA was to

prevent the migration of the plume from reaching Lake
Ladora. In accordance with this, the leading edge is that

portion of the plume nearest the lake and migrating towards

the lake. As determined from the Fall 1990 Verification
Monitoring results, the annual monitoring network is
appropriate for monitoring the leading edge of the plume
according to these criteria.

5. Examination of data from wells located in the saturated
alluvium south of the benzene plume indicates that the
following wells have had benzene detections:
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Concentration Collection
Well .Jt. (ua Data

02596 <2.7 89354
566. 90085
<2.7 90297

02509 <2.7 89025
<1.05 90005

377. 90085

In the Results of Lab and Field QA/QC section of the

Hydrogeoloqic and Water Quality Conditions South Tank Farm

Plume, RMA (May 1990), Shell states that spring 1990 benzene

detections uX represent cross-contamination from Well
02561. A Phase II sampling program, presented in Appendix A

but not included in the RNA Environmental Data Base,

resulted in benzene concentrations below CRLs for both
wells, and these data were selected by Shell as
representative of spring 1990 benzene concentrations for the. two wells. Additional spring sampling must be conducted to
confirm that the 1990 data is invalid; if such subsequent

sampling indicates the presence of benzene in the wells, it

will be necessary to determine the downgradient extent of
the contaminant by adding a downgradient well in the
saturated alluvium to the annual monitoring program.

ResggMt: The Verification Monitoring Program (Fall 1990)
and the Phase II investigation during the Spring 1990 both
resulted in Wells 02509 and 02596 having no benzene
concentrations above CRLs. The Phase II results were
considered more accurate because greater care was taken to
minimize sample cross-contamination. There is no need to
expand the frequency of sample collection.

6. L.aJu-e4. The annual monitoring network as presented by
Shell in this figure excludes two wells originally included
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S_ in the sampling program in the Final Decision Document Other
Contamination Sources Interim Response Action South Tank

Farm Plume, May 1991 ((Final Decision Document], Figure 4-

2), Wells 02577 and 02598. Well 02577 had spring 1988 and

spring 1990 benzene detections of 94.2 ug/1 and 37.7 ug/l,

respectively, and Well 02598 had a spring 1990 benzene

detection of 89.6 ug/l (these two wells both had fall 1989

and fall 1990 concentrations below detection limits, again

indicating cyclicity in the data). Additionally, both wells

had detections of 11DCLE, 12DCE, CHCL3, and TRCLE. Please

include these wells in the annual monitoring network as

originally presented in the Final Decision Document.

IepMnest Figure 4 has been corrected to show that these
wells are included in the monitoring network.

7. PaLgeA-2. Shell states that two staff gages were installed
along the eastern edge of Lake Ladora, however, the gage

locations are not presented on Figure A-1. Please include

these locations on the figure.

i*3322wsZ The figures now include the location of the two

new staff gages.

8. Pa A. Shell presents the datum for only one of the two

new staff gages. Please present the respective datum for

each gage, and clearly label the gages on Figure A-1.

IAagns Please refer to the response to EPA Specific

Comment 3.

9. Page A-2. Shell states that four of the six newly

installed well points are permanently plugged; yet, it does

not propose to replace those well points with new well

points, monitoring wells or piezometers. Have Shell and the
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S Army determined that additional data on the eastern edge of
the lake are not necessary to characterize the hydrogeologic

interaction between the lake and the groundwater? If not,
such data should be collected now as part of the proposed

monitoring plan.

3RMassl: Please refer to the response to EPA General
Comment 3.

10. PgageA-3. Shell states:

The surface elevation of Lake Ladora, measured at the
staff gages along the eastern and western edge of the
lake, ranged from 5219.96 to 5219.76 feet . . . . This
may be seen from Figures A-2 through A-11 where the
lake levels for both May 28 and June 6, 1991 are
compared to the observed groundwater table elevations.
These are the two closest dates for measurements of the
lake, prior to installation and survey of the staff
gages [on the eastern edge].

This paragraph is confusing. Shell appears to be stating
that comparisons between lake stage levels on the eastern
side of Lake Ladora were made to upgradient groundwater as a

part of this evaluation. However, Figure A-l, showing the

location of a single gaging stating on the western shore of
the lake, and the final sentence in this paragraph indicate

that no lake stage levels on the eastern shore of Lake

Ladora were taken as part of this study. If the two gaging

stations on the eastern side of the lake had not been

completed and surveyed prior to this study, and were
therefore not used in this evaluation, the reference to the
eastern edge of the lake in the above paragraph should be
deleted, and the paragraph rewritten to clarify that only
data from the western shore of Lake Ladora were compared to

groundwater data upgradient of the lake.
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IauOM•se Please refer to the response to EPA Specific

Comment 5.

11. Please provide the actual dates during which the water level

measurements were taken. Additionally, please provide the
dates on which lake stage levels were measured, and the

corresponding lake stage elevations (including values for
the two new gage stations on the eastern shore of Lake
Ladora). In future annual water sampling summaries, these

data are also requested.

226=nsu The groundwater level measurements were collected
on June 3 and 4, 1991. The lake stage levels have been

provided (see response to EPA General Comment 1).

12. Page A-3. Shell states:

• . . groundwater along the eastern edge of the lake is
not expected to impact the lake, if the lake elevation
is maintained at 5,220 feet or above (an average stage
of 12.9 feet or greater as measured on the pump house
staff gage).

In its June 6, 1991 letter to the Army regarding the South

Tank Farm Dispute Resolution, the State summarized

information from the May 1990 Comprehensive Monitoring
Program Final Surface Water Data Assessment Report for 1988

(Appendix A-2, Table A-2-3) which indicated that lake
overflow occurs at a stage level of 12.4 feet, corresponding

to an approximate water level of 5,219.5 feet above mean sea

level. Please provide the values for the maximum Lake

Lad..ra stage level and corresponding laka water surface
elevation, and discuss the feasibility based on these values
of maintaining a lake elevation of 5,220 feet or greater.
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P *gIlns: If the information contained in the May 1990 CMP
was correct for the period covering the CMP, those

conditions no longer pertain. According to the Army, the

lake overflows at a stage exceeding 12.9 feet on the

pumphouse gage. This has been corroborated by the recent

MK-ES survey of the staff gages and the spillway. The

maximum lake water elevation is therefore, in excess of

5219.96 feet.

Please refer to the response to EPA General Comment 5.

13. A. According to page 1 of the Potential Migration of

Contaminated Groundwater to Lakes Ladora and Lower Derby,

December 1990, the average lake elevation is 5,208 feet,

significantly lower than the 5,219.76 to 5,219.96 elevations

recorded by the staff gages recently installed. Please

identify the source of water used to maintain the higher

lake level.S
3Ruuns: Please refer to the response to General Comment 4
above.

The majority of water for Lake Ladora comes from Lower Derby

Lake. Ultimately this water comes from the Highline Canal

and passes through both Upper and Lower Derby Lakes.

14. Fiaures A-2 to A-6. Please provide the numerical value for

the lake water level on May 28, 1991, and for consistency,

include this value on Figure A-1 (instead of the 5/23

measurement).

3estual: The figure h-. been modified to include the

appropriate information.
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O ~ Fiaures A-7 to A-11. Please provide the numerical value for

the lake water level on June 6, 1991, and for consistency,

include this value on Figure A-1 (instead of the 6/14

measurement).

amumaonse The figure has been modified to include the

appropriate information.
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