Appendix K - Stormwater Retention Pond
Post-Closure Plan















LIST OF ATTACHMENTS

Attachment

A Hydrogeologic Characterization of the Kerr-McGee Refining Corporation
Wynnewood, Oklahoma Storm Water Retention Pond

B Sampling and Analysis Plan, Kerr-McGee Refining Corporation,
Wynnewood, Oklahoma















This certification will be:
14 submitted by registered mail to the ODEQ,
2. signed by an authorized representative of KMRC, and

3. signed by an independent registered professional engineer.

Documentation supporting the independent registered professional engineer’s
certification will be developed and maintained for submission to the ODEQ,
upon request, untilt KMRC is released from the post-closure care financial

requirements of 40 CFR 265.145.

1.8 Post-Closure Inspections and Maintenance

1.8.1 General

The KMRC Post-Closure Inspection Schedule is presented in Table 1. Post-
closure inspections will be performed semiannually by an inspector who may
be either the Facility Contact or another person designated by the Facility
Contact, blﬁ who has been trained in the appropriate inspection procedures or
is otherwise qualified. Post-closure inspections will aiso be performed following
(within 24 hours) possible damage from storms, other natural events, or

unforeseen circumstances.

A copy of the KMRC Post-Closure Inspection Form is presented in Table 2.

During each semiannual inspection, the inspection form will be completed, with



specific notations of all problems identified. Upon completion of the
semiannual inspection, the inspector (if different than the Facility Contact) will

deliver the completed inspection form to the Facility Contact.

The Facility Contact will arrange for the appropriate maintenance or repair to
be provided. The KMRC Post-Closure Inspection/ Maintenance Report shown
in Table 3 will be used both to initiate and subsequently to document
maintenance activities, repairs, or remedial actions determined to be necessary.
Minor repairs which can be fully described and documented on the inspection

form itself will not require use of an inspection/maintenance report.

Upon receiving an inspection form or inspection/maintenance report from an
inspector which indicates that a problem requiring maintenance or repair has
been identified, the Facility Contact will, within fifteen (15) working days,

initiate actions to provide the required maintenance or repair.

Depending on the nature of action required and at the discretion of the Facility
Contact, action may be taken to provide maintenance or repairs using Refinery
personnel, to secure a contractor to perform maintenance or repairs, or to

obtain the services of a professional consultant to provide advice and plans

regarding remedial action.



The following typical time frames are established for completing maintenance
and repair activities under normal conditions. Maintenance and repairs which
can be performed by Refinery personnel will be completed within 30 days of
completion of inspection. Maintenance and repairs which require an outside
contractor’s services will be completed within 45 days of completion of
inspections. Maintelnance and repairs requiring the services of a professional
consultant preliminary to completion of repairs will be compieted within 60

days of completion of inspections.

1.8.2 Recordkeeping

Records of all inspection and maintenance activities will be kept on file and
maintained by the Facility Contact during the post-closure period. These will
include all completed inspection forms, all completed inspection/maintenance

reports, and other written documentation of repairs which may be developed.

1.8.3 inspection/Maintenance Procedures

The post-closure components which will be routinely inspected on a semiannual

basis during the post-closure period will include the following items:

e Surface impoundment final cover,
2. Run-on and run-off control features,
3. Security structures,

4, Surveyed benchmarks, and



5.  Surface components of groundwater monitoring wells.

Inspections will also be made following possible damage from storms, other

natural events, or unforeseen circumstances.

1.8.3:1 Final Cover
During the post-closure period, the final cover of the surface impoundment will

be inspected semiannually for the following items:

1s Indications of settling or subsidence of the underlying fill and clay
cap.
2. Signs of erosion or other damage to the clay cap, as might be

evidenced by the appearance or accumulation of clay cap material
down slope in or on the final cover.

. 3 Damage to the final cover.

4. Signs of erosion or undercutting action at the perimeter of the
surface impoundment where the cap and final cover join perimeter

run-on/run-off control features.

Maintenance will be performed as needed during the post-closure period.
Repairs to the cap or final cover may require the consultation of 2 Registered
Professional Engineer to design repairs, or of a construction contractor to

implement designed repairs.






No regularly scheduled maintenance of security systems is necessary during the
post-closure period. Fencing, gates, and signs will be maintained in good
repair, but maintenance will be provided only on an as-needed basis to be

determined during the semiannual post-closure inspections.

1.8.3.4 Surveyed Benchmarks
Those surveyed benchmarks which are used to document the closure and the
monitoring well locations will be inspected on a semiannual basis, and

maintained on an as-needed basis.

1.8.3.5 Groundwater Monitoring Well Surface Components

All components of the groundwater monitoring system will be inspected during
each groundwater sampling event described in Section 2.1. If these
inspections indicate siltation problems, monitoring well replacement or
redevelopment may be required. In addition, the surface components of all
groundwater monitoring wells will be inspected during each semiannual post-
closure inspection. Any groundwater monitoring well which experiences
damage or loss of integrity during the post-closure period will be repaired or

redrilled and repiaced.

10



The groundwater monitoring well surface components will be inspected for:

i

2.

Missing, unlocked, or inoperable locks.

Damage to outer protective casing which could indicate potential
damage to the monitoring well itself.

Lack of inner casing cap.

Ponded water at monitoring wells.

Erosion near monitoring well or under well pad.

Damage to the concrete well pad.

Proper identification noted on each monitor well.

Surface drainage will be controlled so that water does not normally pond

around a monitoring well. Additionally, any erosion in the immediate vicinity

of each monitoring well will be checked and repaired to prevent damage to

groundwater monitoring well surface components or the monitoring wells

themselves.

Maintenance of the surface components of groundwater monitoring wells will

be on an as-needed basis determined by post-closure monitoring inspections.
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2.0

POST-CLOSURE GROUNDWATER MONITORING PROGRAM
2.1 Introduction

The Storm Water Retention Pond (SWRP) is currently requlated under the RCRA
interim status regulations described by 40 CFR Part 265. It is anticipated that
a post-closure permit will be issued for the SWRP at some future date. At that
time, the SWRP will become regulated under the permitting standards given in
40 CFR Part 264. However, until a pérmit is issued, the SWRP unit will remain

subject to the interim status standards.

The applicable interim status groundwater monitoring reguiations are described
in 40 CFR 265 Subpart F. Kerr-McGee proposes to monitor the groundwater
at the SWRP during the interim status period in accordance with the program
described in Section 2.2. The proposed monitoring program constitutes an

alternate groundwater monitoring program as allowed by 40 CFR 265.90 (d).

The propose alternate groundwater monitoring program will allow Kerr-McGee
to establish a baseline of groundwater data. The proposed program also
conforms to the 40 CFR 264 Subpart F groundwater monitoring regulations for
a detection monitoring program (40 CFR 264.98). This will allow for smooth
transition from monitoring under interim status regulations to monitoring in
accordance with a RCRA post-closure permit. No changes to the groundwater

monitoring program should be necessary at the time of permit issuance.
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2.2 Groundwater Monitoring System Description

A discussion of key components of the post-closure care groundwater

monitoring system is presented below.

2.2.1 Monitor Well Network

The proposed post-closure monitoring compliance well network is shown on
Figure 1. This compliance well network will consist of at least four (4) shallow
alluvial wells. Two (2} of the compiiance monitor wells are presently
constructed (SMW-5 and SMW-9), and two (2} compliance wells remain to be
constructed and identified by number or other designation as shown on Figure
1. Monitor well SMW-5 is the upgradient monitoring well for the SWRP area.
Monitor well SMW-9 is a downgradient well in the SWRP area. The two (2)
additional downgradient monitor wells will be installed at the locations indicated

on Figure 1.

Existing compliance wells SMW-5 and SMW-9 are screened in the upper ten
(10) feet of the alluvial aquifer. The screen interval extends above the
groundwater surface in these two (2) existing wells to allow for seasonal
fluctuations in water levels. If the vertical dimensions of the uppermost aquifer
exceeds 20 feet, then well nests will be installed at each compliance well
location in order to screen all portions of the aquifer. The entire saturated

thickness of the uppermost aquifer should be screened, but no well screen
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wells. After three (3) years of annual sampling and analysis of this observation
well, annual sampling and analysis of this observation well will be discontinued

if there are no significant levels of constituents detected.

2.2.2 Analvtical Parameters

Groundwater quality data has been coliected from numerous monitor wells
installed at the Refinery since about 1980. Most of the groundwater sampling
and analysis programs have been conducted under the supervision of the
Oklahoma State Department of Health {(ODEQ), which is now the Oklahoma
Department of Environmental Quality (ODEQ). Based upon extensive analyses
of groundwater, KMRC has identified certain principal hazardous waste
constituents {PHCs} which have been detected in groundwater at the Refinery

at levels of concern. These are:

Metal PHCs: Vanadium, Barium, Chromium, Lead, and Selenium, as total
Volatile
Organics: Benzene, Toluene, Ethylbenzene, Total Xylenes, and Total

Petroleum Hydrocarbons

Additionally, Kerr-McGee has agreed to an expanded list of PHCs at the request

of the EPA. The expanded list of PHCs are:

Metals: Antimony, Arsenic, Beryllium, Cobalt, Copper, Mercury,
Nickel, and Zinc, as total.
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compositions and mixtures other than the EPAs check samples may result in an
increase in the PQLs. Factors that can cause the increase in PQLs include high
oil content, high concentrations of one or two particular compounds, high
concentrations of non-target compounds, and the composition of the
groundwater matfix (i.e., high conductivity, high iron, etc.). To overcome the
interfering factors described above, the laboratory must dilute the sample. The
dilutions result in a PQL that has been adjusted relative to the final volume of

the sample and the necessary dilution.

2.2.4 Groundwater Sampling Plan Description

A detailed post-closure Groundwater Sampling and Analysis Plan has been
prepared by KMRC. This Plan has previously been submitted to the EPA,
ODEQ, and Oklahoma Water Resources Board (OWRB) in the report titled: "A
Comprehensive Plan for Groundwater Remediation, September 13, 1990". The
Groundwater Sampling and Analysis Plan was included in Appendix D of this
report. This Plan details sampling and analytical testing procedures which will
be followed in the field during post-closure groundwater sampling activities.
This plan was updated on August 15, 1993 and is included with this report as

Attachment B.
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2,2.5 Data Evaluation and Response Activities

The execution of the groundwater monitoring program will require the frequent
review and assessment of monitoring results. Anomalous and unanticipated
results may be obtained from the program. Review and assessment activities
must, therefore, be able to identify these anomalous occurrences and initiate

the proper response to the monitoring results.

2.2.6 Statistical Data Evaluation and Reporting Procedures

In accordance with 40 CFR 264.98 procedures, a determination as to whether
there is statistically significant evidence of a release at each designated
downgradient monitoring well will be performed after receiving ail analytical

results from the laboratory and submitted to the EPA within 30 days.

A statistical procedure initially selected by KMRC to determine whether
differences in mean concentrations among background wells versus
downgradient detection wellis are statistically significant is a one-way
parametric analysis of variance (ANOVA). The current regulations allow the
owner or operator to change statistical methods as the monitoring data base
is expanded. KMRC will evaluate the use of control charts as an alternate
method after a more substantial data base has been generated. KMRC will
begin using control charts at the end of the first three (3) years of post-closure

monitoring, upon approval from the EPA. The use of control charts as a
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comparison technique is allowed by the regulations. The control charts would
provide a visual tool for detecting both trends and abrupt changes in

concentration levels.

KMRC has reviewed the 40 CFR 264 regulations and the EPA guidance
document entitled "Statistical Analysis of Groundwater Monjtoring Data at
RCRA Facilities", dated February 1289 and the draft addendum dated July
1892 and has selected a one-way analysis of variance (ANOVA) statistical

method to evaluate the groundwater monitoring data.

ANOVA is a statistical procedure to determine whether differences in mean
concentrations among wells or groups of wells are statistically significant.
ANOVA models are used to analyze the effects of the independent variable or
variables under study of the dependent variable. The concentration of
monitoring constituents is the dependent variable. ANOVA is generally
appropriate in situations where a background concentration for a particular
parameter can be established and compared to downgradient sample data.
Also, ANOVA calculations are amenable to personal computers and
commercially available software. The one-way statistical ANOVA procedure
presented in the EPA guidance document will be utilized by KMRC to perform

the required statistical comparisons.
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Listed below in outline form is the Guidance Manual ANOVA statistical

procedure:

Step 1. Tabulate sample data from background and detection wells.

Step 2. Calculate total {(sum) of all observations for each well, the mean
{average) of all observations for each well, grand total, and grand
mean of all observations.

Step 3. Compute the sum of squares of differences between well meéns
and the grand mean.

Step 4. Compute the corrected total sum of squares.

Step 5. Compute the sum of squares of differences of observations within
wells from the well means.

Step 6. Construct a one-way parametric ANOVA table to include the
source of variation, sums of squares, degrees of freedom, mean
squares, and calculated F statistic.

Step 7. To test the hypothesis of equal means for all detection wells,

compute the F statistic. Compare the computed F statistic from
Table 2, Appendix B of the EPA Interim Final Guidance document.
If the calculated F value exceeds the tabulated value at the 0.05
(5%) significance level, then reject the hypothesis of equal well
means. Otherwise, conclude that there is no significant difference
between the concentrations at wells and thus no evidence of a

release.
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Step 8.

Step 9.

in the case of a significant F (calculated F greater than tabulated
F in Step 7 above) the next procedure will determine which
detection wells may show evidence of a release by comparing
each detection weli with the background weli(s}. First, obtain the
total sampie size of the background well(s} and compute the
average parameter concentration for the background well(s).
Then compute the differences between average parameter
concentrations from each downgradient well and the average
background well{s}. Next, compute the standard error of each
difference. Finally, obtain the t-statistic from Bonferroni’s t-Tabile
with a 0.05 {5%) error level and compute the M value (standard
error X t} for each detection well.

To interpret the results, if the differences between the average
parameter concentrations from a detection well(s) and the average
parameter concentration from the background well exceed the M
value, conclude that the detection well has significantly higher
parameter concentrations than the average background well.

Otherwise, conclude that there is no evidence of a release.

The following procedures will be utilized to assess data below detection limits

if this should occur:
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@ For a moderate to large percentage of nondetects (i.e., over 15%)}, then

a nonparametric test will be selected for analysis of the data.

& If nondetects are present at less than 15% of the observations, then the
nondetects will be assigned a concentration equal to the practical
quantitation limit (PQL) divided by 2 and the one-way parametric ANOVA

procedure presented breviously will be followed for data analysis.

Kerr McGee will make a statistical determination of the groundwater data
within 30 days of receiving all laboratory data. If it is determined that there is
a statistically significant evidence of contamination for the chemical parameters
monitored, the Facility will follow procedures outlined in 264.98(g). If a
statistically significant release is indicated, the EPA will be notified of this

finding within seven (7) days.

Following the establishment of a long-term data base at the end of the first
three (3) years of monitoring, KMRC will discontinue the ANOVA statistical
evaluation and begin using control charts. KMRC has selected the control chart
methodology described in EPA’s Interim Final Guidance and Addendum to
Interim Final Guidance. A control chart for each monitoring well and each

monitoring parameter will be constructed in the following manner.
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First, initial sampie data coliected during the first three (3) years of monitoring,
will be analyzed in order to establish baseline parameters for the chart, such as
estimates of the well mean and well variance. Note that none of the sample
results collected during the 3-year period are actually plotted on the chart
before being used to construct the baseline mean standard deviation. As future
samples are collected, the baseline parameters will be used to standardize the
data. A standardized mean and cumulative sum (CUSUM) will be computed.
Also, a decision internal value, a reference value, and a Shewhart control limit
will be selected prior to plotting. Once the data have been standardized and
plotted, a control chart is declared out-of-control if the sample concentrations
become too large when compared to the baseline parameters. An out-of-
control situation indicates statistically significant evidence of a release. In this
situation, the ODEQ would be notified within seven (7) days. If the analytical
result is nondetectable, then a value one half of the practical quantitation limit

will be used to construct the control chart.

Groundwater level data will also be collected from each monitoring well in the
post-closure monitoring well network. Groundwater potentiometric maps will
be prepared for each sampling event to define the groundwater flow direction.
The potentiometric surface map will be evaluated to insure that there has been
no change in the groundwater flow direction which could affect the ability of

a monitor well to properly monitor groundwater conditions beneath the SWRP.
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Should a significant change in groundwater flow direction occur, KMRC wiill
remeasure water levels in all wells and prepare a new potentiometric surface
map to insure that no errors were made during the initial water level

measurements.

If the groundwater still shows a significant difference from past flow maps,
then KMRC will notify the ODEQ within seven (7) days of this finding. KMRC
will then initiate appropriate measures to insure that a post-closure care
monitoring network is properly in place to monitor groundwater quality in the
SWRP area. These measures may include additional water level mon_itoring.
installation of additional wells, or a re-evaluation of the existing well network

as to well placement.

The depths of each well will also be measured to insure that no excessive silt
buildup occurs. If the monitor wells experience siltation problems, then

additional well development will be conducted.

2.2.7 Data Reporting

KMRC will prepare and submit to the ODEQ an annual report summarizing the
past year’s sampling activities, analytical results, and groundwater flow data.
This report will be submitted no later than 30 days following receipt of the

year’s last quarterly or semi-annual sampling results. In addition to presenting
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a summary of the sample analytical results, the annual report will include the
laboratory analytical reports, and an assessment of the data relative to the
objectives and approach of post-closure groundwater monitoring. The

assessment section of the report will be organized in the following manner:

® Discussion of Site History
@ Sampling and Analytical Procedures
@ ‘Variations in Groundwater Flow Pattern

- Direction of Flow and Gradient

- Velocity of Flow
® Statistical Evaluation of Data

- Concentration of Constituents

- Direction and Rate of Constituent Movement

- Immiscible Phase Evaluation
® Comparison of Water Quality Data to Compliance Standards
& Recommendation for Continuation or Modification of Program
@ Appendices

- Water Quality Data

- Water Level Data

2.3 Aquifer Characterization Data

A Hydrogeological Characterization of the uppermost groundwater system

beneath the SWRP is provided in Attachment A. This Hydrogeological
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Characterization Report provides a detailed summary of hydrogeological
conditions in the SWRP area. All previous analytical data for monitor wells
SMW-5 and SMW-9 have been summarized and are included in Attachment A
(Appendix A-2). The information provided in this report provides technical
information that is necessary to properly evaluate groundwater quality and flow

data generated during the post-closure groundwater monitoring program.
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LOCATION D_GENERA ATURE

The KMRC Wynnewood Storm Water Retention Pond {(SWRP) is located in the
southeastern part of Garvin County, Oklahoma (Figure 1). Garvin County is located
in south central Oklahoma and is part of the Osage Plains Region which is a
southwestern extension of the Central Lowlands Region. The Osage Plains Region is
subdivided into several subregions in Oklahoma. The Wynnewood area lies within the
Cross Timbers subregion. This region is characterized by nearly horizontal shale,
sandstone and limestone units. Generally, the less resistant shales form the broad
shallow valleys while the more resistant limestone and sandstone units form the small

intervening ridges between the valleys.

The SWRP is approximately 3,700 feet south of thé City of Wynnewood Corporate
limits {(Figure 2). The SWRP is located in the NW 1/4, SW 1/4, SE 1/4 of Section 23,
Township 2 north, and Range 1 east on the Pauls Valiey 7 1/2-minute U.S.G.S.
guadrangle map. The nearest major highway is U.S. Route 77 located approximately
1,350 feet to the east. The nearest railroad is the Guif, Colorado, and Santa Fe
located about 150 feet to the west. The nearest major population center is
Wynnewood, Oklahoma which had a 1980 census population of approximately 2615.
Figure 3 shows the SWRP area and the location of nearby groundwater monitoring

wells.



HYSIQGRAPHY AND TOPOGRAPHY
The SWRP is located in the Central Lowlands section of the Great Piains Physiographic
Province. Most of this area is a relatively flat, featureless plain developed upon

sedimentary formations of Paleozoic and Mesozoic Age.

The portion of the Central Lowlands in the area including the Wynnewood Refinery is
locally referred to as the Central Redbed Plains. The immediate area of the
Wynnewood Refinery is a gently sloping surface developed within the Washita River
flood plain and relic terrace deposits. Topographic relief increases near the edge of
the Washita River flood plain to the east and in the Arbuckie Mountains to the south.

The Washita River borders the western side of the area.

The topography in the general area surrounding the SWRP (Figure 2) ranges from
approximately 820 feet above mean sea level (MSL) near the Washita River to the
west to approximately 900 feet above MSL at the edge of the fiood plain to the east.
A topographic map for the SWRP area is shown in Drawing 1. This map shows that
the topography at the SWRP ranges from approximately 839 to 850 feet above mean

sea level.









Precipitation

The mean annual calendar year precipitation for the Pauls Valley-Wynnewood area,
based upon the 30-year period extending from 1958 through 1987, is 35.34 inches.
Annual precipitation during this period ranged from a minimum of 19.02 inches (1963)
to a maximum of 50.25 inches (1985). Snowfall averages less than 10 inches per
year and seldom remains on the ground for any extended period. The 30 - year
calendar precipitation data are presented in Table 1T and Figure 7. The maximum
monthly precipitation recorded for this region during this period was 14.33 inches in

May of 1982.

Spring and summer have historically been the wettest times of the year, with the
winter months being the driest. Summer rainfall comes mainiy from showers and
thunderstorms. Winter precipitation is generally associated with large scaie air mass

movements.

Review of Figure 7 indicates that precipitation is not uniform. and suggests that
annual precipitation is cyclic in nature, with relative wet and dry periods of several
years duration alternative over the long term. Thus, those hydrologic factors
dependent upon precipitation -infiltration, soil moisture storage, runoff, and

percolation/groundwater recharge - will not be uniform.



It should be noted that years of unusually high precipitation can and do occur during
"dry" periods, while years of unusually low precipitation can and do occur during
otherwise "wet" periods. Precipitation data can also be significantly affected by

intense, short-term thunderstorm events.

Temperature

The annual temperatures for the Pauls Valley-Wynnewood area are relatively uniform.,
The mean annual temperature, based upon the 30-year calendar year period 1958
through 1987, is 62.2°F. Annual mean temperatures for this period ranged from a
minimum of 50.0°F to a maximum of 74.4cF, Table 2 lists mean temperatures for

the 30-year period from 1958 to 1987.

Evaporation

The National Weather Service reports a mean annual "Class A" pan evaporation rate
of 71 inches for this region; this value is approximately equivalent to 54 inches of
evaporation annually from lakes and 64 inches annually from shallow ponds. These
standing water evaporation rates are 161 and 191 percent of mean annual

precipitation, respectively.






Formation, the Ada Formation, the Vanoss Group, and the Oscar Group. These
sediments were deposited in a8 marine environment. A generalized regional
stratigraphic column for the Wynnewood area is shown in Figure 8. A generalized
east-west regional geological cross-section of the Permian- Pennsylvanian bedrock in

the Wynnewood area is shown in Figure 9.

The upper-Pennsylvanian Vamoosa formation consists mostly of shale sandstone, and
chert conglomerate. This unit is subdivided into 12 members, each with coarse
clastics at base overlain by shale. This unit is approximately 1000 feet thick in the

Wynnewood area and occurs at a depth of approximately 2850 feet.

The upper-Pennsylvanian Ada Formation rests unconformably upon the Vanoss
Formation. The Ada Formation consists mostly of shales, bituminous sandstones, and
Iiméstone conglomerates that are generally red-brown to gray. This formation is
approximately 1400 feet thick in the Wynnewood area and occurs at a depth of

approximately 1450 feet.

The Vanoss Formation overlies the Ada Formation in the Wynnewood area. The
Vanoss consists mostly of marine shales, arkosic sandstone, and limestone
conglomerate. This formation is approximately 900 feet thick in the Wynnewood area

and occurs at a depth of approximately 550 feet.



The Oscar Group overlies the Vanoss in the Wynnewood area. This Group consists
mostly of shales with thin beds of arkosic sandstones and conglomerates near the
Arbuckle Mountains. This unit is approximately 500 feet thick in the Wynnewood
area. Here the top of this group occurs at a depth of 60 fegt, in subcrop beneath the
alluvial deposits. A map of the bedrock geology in the Wynnewood area is shown in

Figure 10.

The youngest geological strata occurring in the Wynnewood area consist of alluvial
and terrace deposits of Quaternary age. The alluvial deposits occur along the present
day Washita River and its flood plain. The deposits consist mostly of gravels, sands,
silts, and clays that were deposited by the present day Washita River. These deposits
are approximately 60 feet thick in the Wynnewood area but increase in thickness to
approximately 85 feet near the river. These deposits unconformably overlie the Oscar
shales that underlie the SWRP. There are also small remnant terrace deposits that
occur above the present day flood plain of the Washita River. These deposits also
consist of gravel, sand, silt, and clay and may reach thicknesses of 30 feet in the
Wynnewood area. A map showing the extent of the alluvial and terrace deposits in

‘the Wynnewood area is shown in Figure 11.

Site Stratigraphy

The SWRP is underlain by Quaternary-age alluvial deposits that were deposited in the

present-day flood plain of the Washita River. These alluvial sediments consist of
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sand, silt, clay, and gravel that were deposited in the stream channel and flood plain
of the present-day Washita River. The areal extent of these alluvial sediments are
shown on the surficial geological map presented in Figure 11, This map also shows
the extent of older alluvial deposits near to, but above, the present day flood plain of

the Washita River.

The alluvial deposits beneath the SWRP are approximately 60 feet thick. However,
these deposits increase in thickness to the west and south toward the Washita River
where they reach reported thicknesses of 85 feet. The deposits thin eastward from
the SWRP. The alluvial deposits rest unconformably upon the Pennsylvanian bedrock
(Oscar Group) which is a gray shale. The detailed stratigraphy of the SWRP area is

presented in Tabie 3.

The detailed geology beneath the SWRP is shown on the geologic cross-sections
presented in Figures 12 and 13. Figure 3 shows the location of cross section lines A
- A" and B - B’. As shown by the two (2} cross-sections, the upper 5 to 10 feet
consists of silt and clayey silt that is laterally continuous in the SWRP area.
Discontinuous units of sandy gravel, silty sand, and sand underlie this silt layer. This
silty sand, sandy gravel, and sand is likely underlain by a gray plastic clay
approximately 30 feet thick which rests unconformably upon the Oscar Group (shales)

in the area. The basal clay unit typically siopes gently south and westward toward

the Washita River.
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anticline, and associated structures were formed. Many fauits {displacements of

rocks) occurred, and many synclines (downwarped rock structures) were formed.

The Anadarko basin remained intact during Permian time, with the Arbuckle Mountains
and Criner Hills slightly emergent above sea level. Throughout the Triassic, Jurassic,
and Cretaceous periods, the entire area was probably close to or above sea ievel,

undergoing erosion.

With inundation by an Early Cretaceous sea from the south, the rocks of the Dissected
Coastal Plain were deposited. The entire area was gently uplifted after Cretaceous
time, giving a regional, monoclinal, southward dip to the Cretaceous beds and
imparting to them many local structures. Large rivers flowed over the region from the
northwest, depositing gravel and sand during the Pleistocene ice ages. Although the
continental glaciers of the ice ages did not advance as far south as Oklahoma, their
repeated advances and retreats greatly influenced the flow in the rivers of southern
Oklahoma. As the glaciers advanced, stream flow was reduced, and the rivers
deposited sediments in their channels. The flow increased during glacial retreats
because of the melt water made available, and the previously deposited sediments
were eroded. Repetitions of this sequence resulted in the formation of many terrace

levels along the present streams.
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The underlying bedrock in the Wynnewood area consists of Pennsylvanian age shales,
thin sandstone beds, and conglomerate limestone. These units typically yield only 1
to 2 gpm to drilled wells - enough water for minimum domestic needs only. The
quality of the groundwater varies from good to saline. Typically the deeper the well,
the poorer the guality of water. Groundwater typically moves down-dip in these
formations at rates of 1 to 10 feet/year. These formations are recharged in the areas
of outcrop, although recharge is small due to the low permeability of the shales. The
depth to the base of the fresh groundwater (< 10,000 mg/L dissolved solids) occurs
between depths of 500 to 1000 feet in this area. This is within the Oscar Group or
the Vanoss Group. The generalized water-bearing properties for the Pennsylvanian

bedrock units is shown in Figure 8.

Site Hydrogeoloqgy

The SWRP area is underlain by alluvial sediments deposited in the present-day fiood
plain of the Washita River. These deposits comprise a major aquifer in this region of

Oklahoma.

Detailed stratigraphic test borings indicate that the alluvial silt, sand and gravel
deposits that underlie the SWRP are continuous over the site. This aquifer ranges in
thickness from approximately 20 to 30 feet and is underlain by a low permeability

clay.
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aquifer is really recharged over its entire area with the outcropping sand and gravels
accepting recharge and the surficial clays and silts inhibiting recharge. Groundwater
is discharged from this aquifer through pumping from wells, evapotranspiration, and

discharge to the Washita River and its larger tributaries.

The vertical movement of groundwater in the SWRP area is greatly restricted by the
low-permeable clays which underlie this aquifer. This results in little vertical mixing
of the water contained in the alluvial flood plain deposits and deeper bedrock strata.
Because of this restricting thick clay layer, the hydraulic interconnection of the
shallow alluvial deposits and the deeper bedrock strata is considered to be

insignificant.

Aquifer tests were conducted on wells in the vicinity of the SWRP (wells LMW-2
through LMW-6), which penetrated the entire saturated thickness of the Alluvial
Agquifer. The hydraulic coefficients determined from these aquifer tests are noted in
Table 4. As noted, the transmissivities ranged from 760 to 23,300 gpd/ft with an
average of 9440 gpd/ft. The horizontal hydraulic conductivities ranged from 38 to
1165 gpd/ft*> or 1.79 x 10 cm/sec to 5.49 x 102cm/sec. The storage coefficient

was estimated at 0.1 for this strata.

Using these hydraulic conductivity values for the alluvial deposits, the hydraulic

gradient (1/29/92) across the SWRP area as obtained from the potentiometric surface

18



map presented in Figure 15, and choosing conservative effective porosities of 0.20,
the maximum groundwater fiow velocity can be calculated through the use of the

foliowing equation based upon Darcy’s law:
V =Kl
e

Where V = average groundwater velocity, feet/day
K, = average horizontal hydraulic conductivity, feet/day
I = hydraulic gradient, dimensionless; and

© = effective porosity, dimensionless
Using the following conservative values for the alluvial flood plain deposits:

K, = 472 gpd/ft®or 62.09 feet/day
| = 00375

6 = 0.20

The maximum groundwater velocity would be 1.16 feet/day {425 feet/year).
Laboratory vertical permeability tests were conducted on the surficial clays at the
Land Treatment Facility, located immediately west of the SWRP. These permeability
tests were conducted on clay samples using a filtered leachate from the sludges

applied to the nearby Land Treatment Facility. The permeabilities of these surficial

19



clays ranged from 1.64 x 10* cm/sec to 4.46 x 107 cm/sec with an average
permeability of 6.23 x 10°® cm/sec. Using the method outlined in the RCRA Draft
Permit Writer’s Manual (Geotrans, 1983), the travel time for liquids migrating from a
facility to the uppermost aquifer can be estimated using the same equation based

upon Darcy’s Law:

V=Kl
e

Where V = Interstitial velocity, feet/day
K, = Vertical hydraulic conductivity (or permeability), ft/day
| = h/1: where h = difference in hydraulic head between facility and
uppermost aquifer (feet),

and 1 = length of flow path (feet)

© = effective porosity

Using the following average values for the clays at the Land Treatment Facility:
K, = 1.77 x 10? feet/day
& = 0.05

l =10 h =1

Then the average vertical interstitial velocity is estimated at 0.354 feet/day. The

vertical migration through the surficial clay layer is the most likely pathway for waste

20



migration into the uppermost water-bearing stratum in the Land Treatment Facility and

SWRP area.

A well inventory was conducted in the area to identify water wells, oil and gas
production wells and disposal wells within 1 mile of the SWRP. The principal source
of data for this inventory was data on-file with the Oklahoma Water Resources Board
{(well records). This survey identified 26 water wells {(most of which are abandoned),
2 disposal wells, 5 plugged and abandoned oil wells and 6 producing wells within a
1-mile radius of the SWRP. The location of these wells have been shown on Figure

22 and a tabulation of these wells presented in Table 5.
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APPENDIX A-1
LITHOLOGICAL LOGS AND WELL COMPLETION DIAGRAM!
WELLS SMW-4, SMW-5, SMW-6, AND SMW-9
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APPENDIX A-2

ANALYTICAL DATA FOR WELLS SMW-5 AND SMW-9
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ATTACHMENT B

SAMPLING AND ANALYSIS PLAN
KERR-McGEE REFINING CORPORATION
WYNNEWOOD, OKLAHOMA
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12-4b. A Refinery-wide potentiometric surface map for November, 1992 is

shown on Figure 12-5.

12.5.5 Grbundwgter Quality Data Interpretation

In accordance with the Long-Term Groundwater Assessment Plan proposed in
June, 1990 (attached as Appendix O), the fourteen LTF RCRA monitor wells
Qare proposed to be sampled on a quarterly basis for the following parameters:
total metals, barium, chromium, lead, and selenium; benzene, ethylbenzene,
toluene, and total xylenes (BTEX); and total petrolaum hydrocarbons (TPH).
KMRC is amandiqg their analytical list proposed in the June, 1990 Long-Term
Groundwater Assessment Plan to include total barium, chromium, lead, énd
selenium; and benzene, ethylbenzene, toluene, and total xylenes. Total
petroleum hydrocarbons will no longer be analyzed from the RCRA well
network. The four (4) metal parameters and BTEX will be monitored in the 14
LTF monitor wells and the four (4) SWRP monitor wells during the post-clos'ure
care monitoring period. The concentrations of each metal and total BTEX will
be monitored and charted with time for each well. This will enable KMRC to
monitor the impact of the upgradient hydrocarbon recovery system on tﬁe
aquifer, and to see changes in metal and organic concentrations in wells
upgradient from the LTF and SWRP. This program will also enable KMRC to
establish trends in concentration in both upgradient and downgradient monitor

wells. Charts of these constituents (where data was available) are enclosed in

12-17



Appendix P, along with a tabulation of the historical analytical data (metals and

BTEX) for the fourteen (14) LTF wells.

Groundwater sampling will continue in accordance with the existing Long-Term
Groundwater Assessment Plan until the assessment is complete, in 1995. At

that time, a long-term monitoring program will be developed for the LTF.

The LTF is closed and closure of the SWRP will proceed upon OSDH approval
of the interim status closure plan submitted to the OSDH and EPA on November
30, 1992. Groundwater moriitoring requiramanté for the LTF will be performed
in accordance with the Lon'g-Term Groundwater Asseésment Plan (Appendix O)
submitted in June, 1990. The SWRP groundwater monitoring requirements will
also be performed in accordance with the Long-Term Groundwater Assessment
Plan and the interim status post-closure groundwater monitoring program

discussed below.

12.6.1 LTF Post-Closure Monitoring Requirements
Groundwater monitoring for the LTF will continue in accordance with the
existing Long-Term Groundwater Assessment Plan, which was submitted to the

OSDH on June 22, 1990. This Long-Term Groundwater Assessment Plan will

12-18



be conducted for a period of five (5) years. Upon completion of this

assessment, a post-closure monitoring program will be developed for the LTF.

12.6.2 SWRP Post-Closure Monitoring Requirements

12.6.2.1 Introduction

Groundwater monitoring at the SWRP will be performed during the post-closure
care perib& to monitor the groundwater quali;y beneath the SWRP and to
provide assurance that groundwater quality goals applicable to analytical
parameters monitored in groundwater are achieved. KMRC proposes that post-
closure groundwater monitoring will be performed in accordance with the Long-
Term Groundwater Assessment Plan proposed for the Wynﬁawood Refinery in
June 1990 and the groundwater monitoring program described in the November
30, 1992 Interim Status Post-Closure Plan for the SWRP. An alternate
groundwater monitoring system (pursuaﬁt to 40 CFR 265.90(d)) is being
utilized for the SWR?, and these documents (the Long-Term Groundwater
Assessment Plan and the Interim Status Post-Closure Plan) constitute a
Groundwater Assessment Plan in accordance with 40 CFR 265.93(d)(3). The
anticipated duration of the post-closure groundwater monitoring period for the
SWRP is 30 years, unless approval for a shorter post-closure care period is

granted in accordance with 40 CFR 264.117(a)(2)(i).
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12.6.2.2  Groundwater Monitoring System Description
A discussion of key components of the post-closufe care groundwater

monitoring system is presented in the following subsections.

12.6.2.3  Monitor Well Network

The proposed post-closure monitoring well nemork is shown on Figure 12-2,
This well network consists of four (4) shallow alluvial wells (SMW-4, SMW-5,
SMW-6, and SMW-9). All of these wells monitor the upper ten (10) feet of the
zone of saturation in the alluvial terrace aquifer. Monitor well SMW—S. is the
upgradient monitoring well for the SWRP area. Monitor well SMW-6 can also -
be considered as either an upgradient well or crossgradient well, depending
upon seasonal changes in groundwater flow direction. Monitor wells SMW-4
and SMW-9 may serve as downgradient wells and/or crossgradient wells,
depending upon seasonal changes in groundwater flow direction. A listing of
Ithe post-closure monitor wells fo} the SWRP are shown on Table 12-14. A
summary of monitor well construction details, including well survey

information, is included on Table 12-15.

12.6.2.4 Analytical Parameters
Groundwater quality data has been collected from numerous monitor wells
installed at the Refinery since about 1980. RCRA related groundwater

sampling and analysis programs have been condycted under the approval of the

12-20



OSDH. Based upon extensive analyses of groundwater, KMRC has identified
the following principal hazardous waste g:dnstituents (PHCs) which have been

detected in groundwater at the Refinery at levels of concern. These parameters

are:
® Benzene
® Total Barium
® Total Chromium

®  Total Lead

@ Total Selenium

In addition, in the Long-Térm Groundwater Assessment Plan submitted to the
OSDH in June 1990, KMRC added the following parameters to the groundwater

analytical list:

L Toluene
® Ethylbenzene
®  Total Xylenes

‘Total Petroleum Hydrocarbons -

During post-closure groundwater monitoring, all of the above-listed parameters,
other than total petroleum hydrocarbons, will be analyzed in groundwater

samples collected from each specified upgradient and downgradient well. A
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summary of the post-closure groundwater sampling parameters, analytical test
methods, sample containers, sample preservatives, and holding times are
presented on Table 12-16. A map showing the location of the monitoring wvell

network is shown on Figure 12-2.

12.6.2.5 Sample Frequency

In accordance with the Long-Term Groundwater Assessment Pl_an (June 1990),
representative groundwater samples will be obtained quarterly from each
- specified upgradient and downgradient well throﬁgh the 1993 calendar year.
Beginning in June 1994, groundwater samples will be obtained on a semiannual
schedule from each specified upgradient and downgradient well until

completion of the post-closure care monitoring period.

12.6.2.6 Groundwater Sampling Plan Description

A Sampling and Analysis Plan has been prepared by KMRC. This Plan is
incl.uded in Appendix N and details sampling and analytical .test-ing procedures
which will be followed in the field during. post-closure groundwater sampling

activities.

12.6.2.7 Data Evaluation and Response Activities
The execution of the groundwater monitoring program will require the frequent

review and assessment of monitoring results. Anomalous and unanticipated
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results may be obtained from the program. Review and assessment activities
must, therefore, be able to identify these anomalous occurrences and initiate

the proper response to the monitoring results.

In the event a ;ignificant change in groundwater quality is detected, the first
step will be a careful review of the laboratory analytical resuits for errors (such
as calculation errors, reporting errors, instrument errors). If no errors are found,
the KMRC may resampie and analyze the groundwater in an effort to resolve

any apparent discrepancies in the data.

In accordance. with the Long-Term Groundwater Assessment Plan, the
laboratory analytical data will be plotted in concentration versus time diagrams.
This procedure will enable the analytical data to be reviewed to assess 'the
chemical quality changes of groundwater beneath the SWRP over time. The
concentration versus time diagrams will be prepared for total barium, total
chromium, total lead, total selenium, benzene, and total BTEX. In addition, all
analvtical-pararneters will be compared to any épplicable groundwater quality
standards and this comparison will be presented in the annual data report. If
significant groundwater deterioration is indicated from the concentration versus
time diagrams or groundwater quality .standard comparison, the OSDH will be

noti.fied of this finding within seven (7) days.
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Groundwater level data will also be collected from each monitoring well in the
post-closure monitoring well network. Groundwater potentiometric maps will
be prepared for each sampling event to define the groundwater flow direction.
The potentiometric surface map will be evaluated to insure that there has been
no change in the groundwater flow direction which could affect the- ability of

a monitor well to properly monitor groundwater conditions beneath the SWRP.

Should a significant change in groundwater flow direction occur, KMRC will
remeasure water levels in all wells and prepara' a new potentiometric surface
map to insure that no errors were made during the initial water level

measurements.

If the groundwater still shows a significant difference from past flow rnaps,’
then KMRC will notify the OSDH within seven (7) days of this finding. KMRC
will then. initiate appropriate measures to insure that a post—closuré care
moniforing network is properly in place to monitor groundwater qualit_y in the
SWRP area. These measures may include additional V\;atar level monitoring,
installation of additional wells, or a re-evaluation of fhe existing well network

as to well placement.
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The depths of each well will also be measured to insure that no excessive silt
buildup occurs. If the monitor wells experience siltation problems, then

additional well developmeﬁt will be conducted.

12.6.2.8  Data Reporting

KMRC will prepare and submit to the OSDH an annual report summarizing the
past year's sampling activities, analytical results, and groundyvatar flow data.
This report will be submitted within 45 days of the ra;'.:aipt of the fourth quarter
analytical data in 1993, and within 45 days of receipt _of the December
analytical data in subsequent years. In addition to presenting a summary of the
sample analytical results, the annual report will include the laboratory énalytical
reports and an assessment of the data relative to the objectives and approach
of post-closure groundwater monitoring. The assessment section of the report

| organized in the following manner:

® Discussion of Site Histor_y
L Sampling and Analytical Procedures
@ Variations in _(Sroundwater Flow Pattern

- Direction of Flow and Gradient
- Velocity of Flow
® Variation in Groundwater Quality

- Extent of Constituents
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12.6.2.9

% Concentration of Consiituents
B Direction and Rate of Constituent Movement
- Immiscible Phase Evaluation |
Trends Identified in Data
- Groundwater Flow and Seasonal Groundwater Level
Fluctuations
- Constituent Concentration
- Constituent Movement
Comparison of Water Quality Data to Appropriate Siandecds:
Recommendation for Continuation or Modification of Program
. Appendices
- Water Quality Data

. Water Level Data

Aquifer Characterization Data

A Hydrogeological Characterization of the uppermost groundwater system

beneath the SWRP is provided in Appendix K. This Hydrogeological

Characterization Report provides a detailed summary of hydrogeological

conditions in the SWRP area. The infd_rmation provided in this report provides

technical information that is necessary to properly evaluate groundwater quality

and flow data generated during the post-closure groundwater monitoring

program.
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12.6.3 Contingent Post-Closure Groundwater Program for Tank 2007
12.6.3.1 Introduction

KMRC desires to close Tank 2007 in accordance with the closure plan
described in Section 9.1. However, in the event such closure is not practicable
or possible and it becomes necessary to implement the contingent closure plan,
KMRC is providing this contingent post-closure groundwater program in

accordance with 40 CFR 264.197(b) and 40 CFR 264.310(6)(3).

Currently, there is no groundwater monitor well system required at Tank 2007
under the 40 CFR Subpart J rules. In order to satisfy the financial requirements
of 40 CFR 264.197(c)(3), a conceptual post-closure groundwater mon'itoring

program is described in the following sections.

12.6.3.2 ~ Conceptual Groundwater Monitoring System Description

Groundwater monitoring at Tank 2007 will be performed during the post-
. closure care period to monitor the groundwater quality beneath Tank 2007 and
to provide assurance thaf groundwater quality goals applicable to analytical
parameters moniior.ad in groundwater are achieved. The anticipated duration
of the post-closure groundwater monitoring period for Tank 2007 is 30 years,
unless approval for a shorter post-closure care period is granted in accordance
with 40 CFR 264.117(a)(2)(i). A discussion of key components of the post-

closure care groundwater monitoring system is presented below.
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12.6.3.3  Monitor Well Network

The conceptual post-closure monitoring well network will consist of at least one
(1) background monitoring well and two (2) detection monitoring wells. The
number of detection monitoring wells is appropriate due to the small size (34
feet diameter) of the potential source area. All installed wells will monitor the
upper ten (10) feet of the zone of saturation in the alluvial terrace aquifer.
Existing monitoring wells will be evaluated to determine if incorporation or
adaption into this post-closur'a monitoring program is appropriate. If new
monitoring wells are to be installed, all construction methods will be in
accordance with applicable OWRB ruies- and EPA guidance criteria existing at

the time of installation.

12.6.3.4 Analytical Parameters

Groundwater quality data ha_s been collected from numerous monitor wells
installed at the Refinery since about 1980. RCRA related groundwater
sampling and analysis programs have been conducted under the supervision of
the OSDH. Based upon extensive analyses of groundwater, KMRC has
identified the following principal hazardous waste constituents (PHCs) which
have been detected in groundwater at the Refinery at levels of concern. These_

parameters are:

2 Benzene

@ Total Barium
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] Total Chromium
® Total Lead

e Total Selenium

In addition, in the Long-Term Groundwater Assessment Plan submitted to the

OSDH in June 1990, KMRC added the following parameters to the groundwater

analytical list:

o Toluene
® Ethylbenzene
L Total Xylenes -

el Total Petroleum Hydrocarbons

During post-closure groundwater monitoring, all of the above-listed parameters,
other than total petroleum hydrocarbons, will be analyzed in groundwater
samples collected from each specified upgradient and downgradient well.
These parameters are appropriate because K049, K05ﬁ1. and FO37 wastes,
previously stored in Tank 2007, include these parameters as shown by waste
analysis. A sm;nfnary of the conéabtual post-closure groundwater sampling
parameters, analytical test methods, éample containers, sample prese.rv.atives.

and holding times are presented on Table 12-16.
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12.6.3.5 Sample Frequency

Groundwater samples will be obtained on a semiannual schedule from each
specified upgradient and downgradient well until completion of the post-closure
care monitoring period. The semi-annual sampling freqhency is consistent with
the Long-Term Groundwafer Assessment Plan (June, 1990) and the ongoing

monitoring program which encompasses the Tank 2007 area.

12.6.3.6 Groundwater Sampling Plan Description

A detailed Groundwater Sampling and Analysis Plan dated November 30, 1990,
has been prepared by KMRC .and is enclosed in Appendix N. This Plan details
sampling and analytical testing procedures which will be followed in the field

during post-closure groundwater sampling activities for Tank 2007.

12.6.3.7 Data Evaluation and Response Activities

The execution éf the groundwater monitoring program will require the frequent
review and assessment of monitoring results. Anomalous and unanticipated
results may be obtained from the program. Review and assessment activities
must, therefore, be able to identify these anomalous occurrences and initiate

the proper response to the monitoring results.

In the event a significant change in groundwater quality is detected, the first
step will be a careful review of the laboratory analytical results for errors (such

as calculation errors, reporting errors, instrument errors). If no errors are found,
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the KMRC may resample and analyze the groundwater in an effort to resolve

any apparent discrepancies in the data. .

In accordance with the Long-Term Groundwater Assessment Plan, the
laboratory analytical data will be plotted in concentration versus time diagrams.
‘This procedure will enable the ahalvtical data to be reviewed to assess the
chemical quality changes of groundwater beneath the closed Tank 2007 over
time. The concentration versus time diagrams will be prepared for total barium,
total chromium, total lead, total selenium, benzene, and total BTEX. In
addition, all analyticél parameters will be compared to any applicable
groundwater quality staﬁdards and this comparison will be presented in the
annual data report. If significant groundwater deterioration is indicated from
the concentration versus time diagrams or groundwater quality standard

comparison, the OSDH will be notified of this finding within seven (7) days.

Groundwater level data will also be collected from each monitoring well in the
post-closure monitoring well network. Grbundwater potentiometric maps will
be prepared for each sampling event to define the groundwater flow direction.
The potentiometric surface map will be evaluated to insure that there has been
no change in the groundwater flow direction which could affect the ability of

a monitor well to properly monitor groundwater conditions beneath the closed

Tank 2007.
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Should a significant change in groundwater flow direction occur, KMRC wiill
remeasure water levels in all wells and prepare a new potentiometric surface
map to insure that no errors were made during the initial water level

measurements.

If the groundwater still shows a significant difference from past flow maps,
then KMRC will notify the OSDH within seven (7) days of this finding. KMRC
will then initiate appropriate measures to insure that a post-closure care
monitoring network is properly in place to monitor groundwater quality in the
closed Tank 2007 area. These measures may include additional water level
monitoring, installation of additional wells, or a re-evaluation of the existing well

network as to well placement.

The depths of each well will also be measured to insure that no excessive silt
buildup occurs. |If the monitor wells experience siltation problems, then

additional well development will be conductéd.

12.6.3.8  Data Reporting

KMRC will prepare and submit to the OSDH an annual report summarizing the
past year's sampling activities, analytical results, and groundwater flow data.
This report will be submitted within 45 days of receibt of the December
analytical data in subsequent years. In addition to presenting a summary of the

sample analytical results, the annual report will include the laboratory analytical
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reports, and an assessment of the data relative to the objectives and approach

of post-closure groundwater monitoring. The assessment section of the report

will be organized in the following manner:

Discussion of Site History

Samhl!ng and Analytical Procedures
Variations in Groundwater Flow Pattern
- Direction of Flow and Gradient

- Velocity of Flow

_ Variation in Groundwater Quality

B Extent of Constituents

Concentration of Constituents

Direction and Rate of Constituent Movement

immiscible Phase Evaluation
Trends ldentified in Data

- Groundwater Flow and Seasonal Groundwater Level

Fluctuations

B Constituent Concentration

- Constituent Movement
Comparison of Water Quality Data to Appropriate Standards

Recommendation for Continuation or Modification of Program

Appendices
- Water Quality Data

- Water Leve_l Data
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12.6.3.9  Aquifer Characterization Data

A Hydrogaological Characterizatio;'l of the uppermost groundwater system,

including the area near Tank 2007, is provided in Appendfx J. This

Hydrogeological Characterization Report provides a detailed summary of

hydrogeological conditions near the Tank 2007 area. The information provided

in this report provides technical information that is necessary to properly
evaluate groundwater qual‘m) and flow data generated during the post-closure

groundwater monitoring program.
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Table 12-1: Interim >tatus Detection Monitoring Program
Groundwater Monitoring Parameters

Indicator Parameters for Groundwater Contamination:

pH - standard units

Specific Conauctance C - umhos
Total Organic Carbons - mg/I
Total Organic Halogens - mg/I

roundwater lity Parameters:

Chloride - mg/I
Iron - ma/I
Manganese - mg/I
Phenols - mg/I
Sodium - mg/I

Sulfate - mg/l

Interim Primary Drinking Water Standards:
Parameter (unit) | Maximum Level
Arsenic - mg/I 0.05
Barium - mg/l ' 1.0
Cadmium - mg/| _ 0.01
Chromium - mag/i 0.05
Fluoride - mg/! - 1.4-24
Lead - mg/| 0.05
Mercury - mg/| - 0.002
Nitrate - mg/l 10
Selenium - mg/I : 0.01
Silver - mg/l 0.05
Endrin - mg/I 0.0002
Lindane - mg/I 0.004
Methoxychior - mg/! 0.1
Toxaphene - mg/l 0.005
2,4,-D - mg/l 0.1
2,4,5,-TP Silvex - mg/l 0.01

Gross Alpha - pCi/1

195
Gross Beta - millirem/yr - 4
5
1

Radium - pCi/1
Coliform Bacteria - /100 ml

Groundwater Elevation is recorded to within 0.01 feet MSL.
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