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1. INTRODUCTION

Daniel B. Stephens & Associates, Inc.has prepared thisfinal draft of the post-closureplan for the

sewage lagoons and golf course main pond at Kirtland Air Force Base (KAFB) in response to

direction provided by the New Mexico Environment Department (NMED). Clean closure of the

two sites was certified in a letter dated August 12, 1993 from KAFB to the NMED (KAFB, 1993).

However, clean closure was not accepted by NMED on the basis that total chromium (Cr) in some

ground-water samples collected from wells at each site have exceeded regulatory limits for Cr

(NMED, 1993). In the September 27, 1993 letter denying clean closure, NMED suggested that

the post-closure plan include information and discussion that address the issue of Cr in ground-

water samples.

1.1 Scope of Work

The scope of work (SOW) for this project is defined in a work assignment form dated

December 6, 1993 as part of contract number F29650-93D0019. The SOW includes the

preparation of a post-closure plan for two sewage lagoons and the golf course main pond at

KAFB. The post-closure plan includes two phases, as outlined below:

• Phase I is for additional samplingand Cr analysisto be done in two stages. Phase I

includes collection and analysis of two additional sludge samples from the two sewage

lagoons and an additional year of quarterly ground-water sampling from all four wells at

each site.

• Phase II activities to further define or remediate Cr contamination will depend on the

results of all Phase I activities.

1.2 Objectives and Organization

The primary objectives of this plan are to document the technical and regulatory framework

supporting clean closure at these two sites and to outline proposed actions to confirm the

presence or absence of Cr in the ground water beneath these two sites. The activities

3186_PC-MNTRG.194\PC-PLN.209 1
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documented in this post-closureplan will be carried out underthe direction of the Environmental

Management Division at KAFB. The point of contact is Colonel Thomas A. Norris (or his

representative), who can be contacted at the following address or phone number:

377 ABW/EM

2000 Wyoming Boulevard SE

Kirtland Air Force Base, New Mexico 87117-5659

505/846-2751

This draft post-closure plan contains a review of site histories and a summary of previous

investigations(Sections2 and 3). The plan also includesa brief review of pertinentissues

regardingthe presenceof Cr in groundwater at KAFB (Section4). Discussionof the regulatory

frameworkfor the closure,as understoodby KAFB, includesa brief reviewof issuespertinentto

clean closureand a reviewof siteandwastecharacterizationandclassification(Section5). The

plan concludeswith the proposedsamplingactivitiesfor Phase I and, shouldtheybe necessary,

proposedPhase II activitiesof the post-closurepedod (Section6). A schedulewith milestones

is also includedin Section 6.

3186_PC-MNTRG.194kPC-PLN.209 2
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2. SITE HISTORY

This section provides a briefdescriptionof the location,dates of operation, types of wastes,and

general management of the sewage lagoons (Site 5) and the golf course main pond (Site 6) at

KAFB. KAFB is located in southeast Albuquerque, New Mexico (Figure 1). This section has

been divided in two subsections; Section 2.1 discusses the sewage lagoon and Section 2.2 the

golf course main pond. Most of the information provided in this section is compiled from the

Stage 2 RI/FS technical report prepared by U.S. Geological Survey (USGS) (1993a).

2.1 Sewage Lagoons

The KAFB sewage lagoons are located 11/2miles southeast of the main runway of the

AlbuquerqueInternationalAirportandnorthwestof theTrestleAircraftTestingFacility(Figure2).

The site altitudeis 5,355 feet above sea level.

The site consistsof two adjacent lagoonscalled the northand south lagoons (Figure 3). The

lagoonsare square,measuringapproximately550 feet on eachside,coveringapproximately6.35

acres in surfacearea, and approximately6 feet deep. The lagoonswere constructedon native

soilsand local fill from on-sitegrading. The lagoonswere filled by two pipesthat discharged

sewage influentintothe centerof each lagoon. A 20-inchoutletpipe inthe southeasterncomer

of the south lagoonallowedliquidto gravity-flowto the golf coursemainpond(Site 6).

The lagoonsare inan open spacerelativelyisolatedfromoccupiedareas. Accessto the sewage

lagoonsis limited: a securityfence with warningsignssurroundsthe area, limitingentry by

unauthorizedpersonnel. Accessto KAFBis alsosecured.

The sewage lagoonswere constructedby the Air Forcein 1962 as part of a water conservation

system. They were used until 1987 for treatmentof raw sewage collectedthroughsewer lines

from facilities on the southeastquadrantof KAFB, includingoffice buildings,flight-lineunits,

aircraft maintenanceshops,Sandia NationalLaboratories,and base housingunits. Depending

uponirrigationneeds at the KAFBgolfcourse,40 to 100 percentof the untreatedbase sewage

was routedto the lagoonsfromAprilto Octoberof eachyear. FromNovemberto March,all base

3186_PC-MNTRG.194\PC-PLN.209 3
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ENVIRONMENTAL SCIENTISTS AND ENGINEERS

sewage was routed to the Albuquerque municipal sewage treatment facilities,and the KAFB

lagoons were unused.

The lagoons last received untreated sewage in October 1987. The liquid in the lagoons had

evaporated as of January 1989, and only a thin layer of dry sludge was in the lagoons during

sampling in 1990. The sludge averaged 1.39 inches thick in the north lagoon and 0.98 inch thick

in the south lagoon at that time. Based on these depths, approximately 2,000 cubic yards of

sludge remained in the lagoons. Periodic biological activity has reduced the quantity of sludge

since operations ceased in 1987.

The flat bottomsof the lagoonsare unlined,allowingthe infiltrationof precipitation.However,the

potential for downwardmigrationis much less than it was duringthe operationof the lagoons

when positivehydraulichead providedby pondedwater resultedin potentiallyhigherseepage

rates.

The pipingand other facilities associatedwiththe lagoon operation remain inplace. The sludge

remainingin the lagoonsis a fibrous,organic-richmaterialthat is not proneto erosionby wind.

The site is bermed as protectionfrom run-onand run-offerosion. The thin layer of sewage

sludgethat accumulatedduringthe operationsat thesewage lagoonshas driedand is currently

coveredwithvegetation.

All precipitationthat falls on the lagoonseither evaporates or infiltrates throughthe sludge into

the underlyingsoil. At presentthe primaryconcern is the potentialfor migrationof Cr from the

sludgeintothegroundwater,whichoccursabout450 feet belowthe landsurface. Ground-water

sampleshave beencollectedon a periodicbasissincethe installationof fourmonitorwellsduring

Stage 2 of the base-wide RCRA FacilityInvestigation(RFI) in 1989 (USGS, 1993a).

2.2 Golf Course Main Pond

The golf coursemain pond is locatedon the northwestside of the Tijeras Arroyo Golf Course on

KAFB. The golf course is a half-mile southeast of Tijeras Arroyo and 1 mile north of the riding

stables (Figure 2). The site is 5,350 feet above sea level.

3186_PC-MNTRG.194kPC-PLN.209 7
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The golf course main pond lies in an open area accessible to Tijeras Arroyo Golf Course patrons

(Figure 4). The golf course main pond does not have a security fence, but warning signs

pertaining to the water in the pond are posted around the pond. Access onto KAFB is secured.

The golf course main pond was constructedby the U.S. Air Force in 1962. As part of a water

conservation program, the golf course main pond served as a storage pond for wastewater that

flowed by gravity through a 20-inch pipeline from the sewage lagoons (Site 5). The pond was

constructed by excavating below the surrounding grade in a pre-existing drainage, building an

earthen dam on the west end of the excavated area, and lining the base of the pond with plastic,

making the golf course main pond a surface-water catchment.

The watershed area above the golf course main pond is about 3 square miles on a steepwest-

facing slope that reaches an elevation of about 1,000 feet above the pond. The wastewater in

the pond was mixed with surface-water runoff and well water and used to irrigate the golf course

from April to October of each year. Depending upon irrigation needs, 40 to 100 percent of the

untreated base sewage wastewaterwas routed through the lagoons to the golf course mainpond.

The liquid in the golf coursemainpond had evaporated as of January 1989, and currentlyonly

dry sedimentis in the pond. The pond covers 2.61 acres. The bed of the pond is somewhat

irregular in elevation, and the sedimentthicknessvaries from 6 to 12 inches. Assumingan

. averagedepth of 8 inches,the volumeof sedimentwouldbe about3,000 cubicyards.

A thin layer of sludge accumulatedin the bottom of the main pond duringits use (1962 through

1987). The sludge in the main pondwas analyzed in 1989 and determinedto be free of any

AppendixVIII constituents(asdefinedin40 Codeof FederalRegulations[CFR], Part261), except

acetone in one sedimentsample. Berylliumconcentrationsinthe pondsedimentswere similar

to those naturallyoccurringin soilsat KAFB (Section3.2.2.1).

As with the sewage lagoons, the primary concern at the main pond is the potential for migration

of Cr from the sludge into the ground water beneath the site. Ground water is approximately 320

feet below the land surface. Ground-water samples have been collected on a periodic basis since

the installation of four monitor wells during Stage 2 of the base-wide RFI in 1990 (USGS, 1993a).

3186_PC-MNTRG. 194\PC-PLN.209 8
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3. PREVIOUS INVESTIGATIONS

This section summarizes data collected during previous investigations at the KAFB sewage

lagoon and the golf course main pond. This section has been divided into two subsections;

Section 3.1 addresses the sewage lagoon and Section 3.2 the golf course main pond. Most of

the information provided in this section was compiled from the Stage 2 RI/FS technical report

(1993a) and the draft Stage 2A RFI report (1993b), both prepared by the U.S. Geological Survey.

Because Cr, both in the trivalent [Cr(lll)] and hexavalent [Cr(Vl)] form, is the primary constituent

of concern at this stage of activities at these sites, it is the focus of the review that follows.

3.1 Sewage Lagoons

A series of samples, includingsurfacewater, sediment,sludge, soil, and ground-watersamples,

have been collected in and around the sewage lagoon since the spring of 1988 as part of the

previous investigations at KAFB. Subsections 3.1.1 through 3.1.3 discuss the findings of these

investigations. One additional round of ground-water samples (May 1992)was collected after the

end of Stage 2A field work.

3.1.1 Pre-Staqe 2 Investigations

In March of 1988, priorto the completeevaporationof the sewage lagoons,the USGS collected

surface water and sediment samples from the lagoons. The samples contained measurable

levels of metals, 1,1-dichloroethane, and toluene.

3.1.2 Stage 2 Investiqation

Between September 1989 and November 1990, the USGS collected dry sludge, soil, ground-

water, and drilling mud samples as part of the Stage 2 Investigation (USGS, 1993a).

3.1.2.1 Sludge and Soils Directly Beneath the Dry Sludge. During the Stage 2 Investigation, dry

sludge samples were collected at 10 locations from the surface of the sewage lagoon (Figure 5).

Soil samples were collected immediately beneath the dry sludge/soil interface. These dry sludge

3186_PC-MNTRG.194_°C-PLN.209 10



+
N0 300 FEET

J , w
0 1O0 METERS

EXPLANATION

4875.8 -- WATER-LEVELCONTOUR.
IN FEET--interval0.2 lout

...... FENCE

MONITORINGWELL--Uppernumbe=isKAFB
well number;lower numberis Source: USGS, 1993a0502

e4,875.27 water-table altitude on July 31,
1990, in feet. Datum is sea level

10514 DRY SLUDGEAND S01L SAMPLING KAFB POST-CLOSURE PLAN
LOCATIONAND LOCATION
NUMBER Sewage Lagoons

-__1 1990 Water Table Contour Map.-;_DANIEL B. STEPHENS & ASSOCIATES, INC. 512-93 JN 3186 r-lgure



ENVIRONMENTAL SCIENTISTSAND ENGINEERS

and soil samples were analyzed for volatile organic compounds, semivolatile organic compounds,

inductively coupled argon plasma spectrometry (ICP) metals screen, chromium, mercury, nitrogen

(nitrate-nitrite, ammonia, total Kjeldahl nitrogen), extractionprocedure toxicity (EP Tox) for metals

and pesticides, and soil moisture content. Chromium is the primary metal of concern for this post-

closure plan. The Cr results for the dry sludge samples are listed in Table 1, and the Cr results

for the soil beneath the sludge are listed in Table 2.

The action level for Cr(lll) in soilis 80,000 mg/kgbased on the Cr(lll) toxicity value from the U.S.

EnvironmentalProtectionAgency's (EPA) IntegratedRisk InformationSystem (IRIS) and the

action level calculation algorithm presented in the proposed Subpart S, Examples of

ConcentrationsMeetingCriteriafor ActionLevels(U.S. EPA, 1990). The actionlevel for Cr(VI)

in soil is 400 mg/kg (see AppendixA) and is alsotaken from the proposedSubpartS. The use

of soil-basedactionlevelsto determinethesignificanceof contaminationindry sludgedoes not

strictlyapplybecause the two mediaare markedlydifferent. Sewage sludgegenerallycontains

a widerrangeof metalconcentrationsthansoil. However,becausethereare no actionlevelsfor

sludge, the reported concentrationsof analytes of interest in the dry sludge samples were

comparedto the soilactionlevelsas an indicationof contamination.

The metal beryllium (Be) was the only analyte of interest reported abovethe soil actionlevel of

0.1 mg/kgin thedry sludgesamplesfromthissite. BecauseBe concentrationsin thedrysludge

(up to 0.8 mg/kg) closelyapproximatethe backgroundconcentrationsfound in soilson KAFB

(USGS, 1993b), Be is notconsideredto be a significantcontaminantin thedry sludgesamples.

Because only total Cr concentrationswere reported,it is not knownwhetherthe action level of

400 mg/kg for Cr(VI) was exceeded for the dry sludge samples. Dry sludge samples were

subsequentlycollectedon August23, 1991 fromthe samelocationsand analyzedfor Cr(VI); the

analyticalresultsfor these samplesare presentedinAppendixB. The Cr(VI) concentrationsin

all 10 dry sludge samples were below the sample detection limit of 1.0 mg/kg. Therefore, it

appears that all Cr in the dry sludge is presentas Cr(lll), in which case concentrationsfor both

Cr(lll) and Cr(VI) are well belowthe action levelsfor soil.

3186_PC-MNTRG.194\PC-PLN.209 12
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Table 1. Chromium Results for Dry Sludge at the Sewage Lagoons

EP Tox
Sample ChromiumI Chromium2

Sample Number Location Date (mg/kg) (mg/L)

KAFB050501-1 5 12/08/89 874 J 0.09

KAFB 050601-1 6 12/08/89 2,225 J 0.08

KAFB 050701-1 7 01/11/90 721 J 0.13

KAFB 050801-1 8 01/11/90 1,129 J 0.11

KAFB 050901-1 9 01/11/90 865 J 0.24

KAFB 051001-1 10 01/11/90 752 J <0.05

KAFB 051101-1 11 01/11/90 629 J <0.05

KAFB 051201-1 12 01/11/90 487 J 0.07

KAFB 051301-1 13 01/12/90 875 J 0.10

KAFB051401-1 14 12/08/89 1,025 J 0.12

KAFB 051402-1 14 (Duplicate) 12/08/89 1,225 J <0.05

Table 2. Chromium Results for Soil

Directly Beneath Dry Sludge at the Sewage Lagoons

Sample Chromium1
Sample Number Location Date (mg/kg)

KAFB050502-1 5 06/05/90 22.8

KAFB 050503-1 5 (Duplicate) 06/05/90 22.2

KAFB 050602-1 6 06/05/90 22.3

KAFB 050702-1 7 06/05/90 27.2

KAFB 050802-1 8 06/05/90 24.1

KAFB 050902-1 9 06/05/90 16.0

KAFB051002-1 10 06/05/90 15.2

KAFB051102-1 11 06/05/90 16.3

KAFB 051202-1 12 06/05/90 21.0

KAFB 051302-1 13 06/05/90 13.1

KAFB 051403-1 14 06/05/90 11.3

Notes: 1EPAtestmethods 3050/7191; project detectionlimitfor chromium = 0.1 mg/kg
ZEPAtestmethods1310/6010; projectdetectionlimitfor chromiumleachate = 0.5 mg/L

J values are es_mates. Recoveryof analyte from matrix spike and/or matrix spike
duplicatewas notwithinlimits.

Source: USGS, 1993a
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The results of the EP Tox analysis performed on all dry sludge samples indicated that the metals

barium, cadmium, chromium, lead, and silver are not readily leachable from the dry sludge. None

of these metals exceeded the EP Tox action levels. The highest reported concentration of Cr in

the EP Tox leachate was 0.24 mg/L, which is well below the action level of 5 mg/L. The EP Tox

Cr values are estimated (J qualified) because the sludge sample matrix spike/matrix spike

duplicate (MS/MSD) recovery was low. The low recovery is probably due to the fact that the

concentration of the MS/MSD spike was several orders of magnitude smaller than the sludge

sample result (see Appendix C).

3.1.2.2 Deep-Augered Soil Samples. Four 100-foot boreholes were augered at the corners of

the sewage lagoon site (locations KAFB 0501, KAFB 0502, KAFB 0503, and KAFB 0504,

Figure 5), and a ground-water monitor well was drilled immediately adjacent to each borehole.

Soil samples were collected at depths of approximately 5, 20, 50, and 100 feet and were

analyzed for volatile organic compounds, ICP metals screen, chromium, mercury, nitrogen

(nitrate-nitrite, ammonia, total Kjeldahl nitrogen), EP Tox for metals and pesticides, and soil-

moisture content. The Cr results for the soil samples are listed in Table 3.

3.1.2.3 Ground Water. The water table is located approximately 475 feet below the bottom of

the sewage lagoon and slopes generally to the north at about 9 feet per mile (0.0017 ft/ft)

(Figure 5). However, seasonal pumpage from KAFBproduction wells located at various distances

and directions from the sewage lagoon could induce changes in the direction and slope of the

water table. The nearest production well is KAFB well 4, about 800 feet to the southeast,

followed by KAFB well 7, about 2,000 feet to the northwest.

Monitor wells at the sewage lagoon were completed with the screened interval partially

penetrating the saturated zone. Monitorwells KAFB 0501 and KAFB 0504 are located generally

upgradient of the lagoons, and wells KAFB 0502 and KAFB 0503 are generally downgradient of

the lagoons (Figure 5). As previously mentioned, the hydraulic gradient and flow direction are

influenced by pumping at the nearby water supply wells.

3186_PC-MNTRG.194\PC-PLN.209 14
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Table 3. Chromium Results for Soil Samples
from Deep Augered Borings at the Sewage Lagoons

EP Tox
Sample Location ChromiumI Chromium=

Sample Number (boring# / depth[ft]) Date (mg/kg) (rng/L)

KAFB050101-1 1 / 5 09/07/89 4.7 <0.05

KAFB 050102-1 1 / 20 09/07/89 6.6 <0.02

KAFB 050103-1 1 / 50 09/09/89 10.5 J 0.06

KAFB 050104-1 1 / 100 09/11/89 20.0 J . <0.01

KAFB 050105-1 1 / 100 (Duplicate) 09/11/89 4.3 J <0.01

KAFB 050201-1 2 / 5 09/19/89 5.3 <0.05

KAFB 050202-1 2 / 20 09/19/89 7.0 <0.02

KAFB 050203-1 2 / 46.5 09/19/89 5.6 0.01

KAFB 050206-1 2 / 99 09/22/89 7.3 0.02

KAFB 050301-1 3 / 5 09/23/89 5.3 <0.05

KAFB 050302-1 3 / 20 09/23/89 5.9 <0.05

KAFB 050303-1 3 / 50 09/23/89 12.0 <0.05

KAFB 050304-1 3 / 50 (Duplicate) 09/20/89 10.2 <0.05

KAFB 050305-1 3/100 09/27/89 8.1 <0.05

KAFB 050401-1 4 / 5 09/27/89 28.0 <0.05

KAFB 050402-1 4 / 20 09/27/89 6.1 <0,05

KAFB 050403-1 4 / 50 09/29/89 8.7 J <0.05

KAFB 050404-1 4 / 100 10/11/89 5.3 <0.05

Notes: 1EPA test methods 3050/7191; project detec_on limit for chromium = 0.1 mg/kg
=EPA test methods 131016010; project detection limit for chromium leachate = 0.5 mg/L

J values are estimates. Analyte detected in prep blank or method blank.

Source: USGS, 1993a
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Initial ground-water samples were collected from each monitor well in May 1990, after the wells

were developed. The ground-water samples were analyzed for total petroleum hydrocarbons,

arsenic, chromium, lead, mercury, selenium, total dissolved solids, common anions, nitrogen

(nitrate-nitrite, ammonia, and total Kjeldahl nitrogen), Appendix IX analytes (as defined in 40 CFR,

Part 264, volatile organic compounds, semivolatile organic compounds, dioxins and furans,

organochlorine pesticides and PCBs, chlorinated herbicides, total recoverable and dissolved

metals, cyanide, fluoride, and sulfide), gross alpha and beta, radium 226, and radium 228. In

addition, temperature, pH, specific conductance, and alkalinity were measured when the samples

were collected.

The monitor wells were resampled in August 1990 and November 1990. These samples were

analyzed for total organic carbon, total organic halogens, and any significant contaminant(s) that

appeared during the first round of sampling. The Cr results for all three sampling events are

listed in Table 4.

Dissolved Cr and total Cr concentrations have exceeded EPA and New Mexico maximum

contaminant levels (MCLs) in the past (Table 4); however, there has been a trend of decreasing

Cr concentrations in the ground water over time. Dissolved Cr was detected in concentrations

of 0.051 mg/L and 0.046 mg/L in ground-water samples collected in May 1990 from monitor wells

KAFB 0501 and KAFB 0503, respectively. However, dissolved Cr concentrations have been

below 0.010 mg/L or below the detection limit in the two subsequent rounds of ground-water

samples collected from these wells, with the exception of the August 1990 sample from well

KAFB 0504.

Total Cr was detected above the MCL in the May 1990 ground-water sample collected from well

KAFB 0501 (0.140 mg/L), and in the May, August, and November 1990 and November 1991

ground-water samples collected from well KAFB 0503 (0.120 mg/L, 0.120 mg/L, 0.082 mg/L, and

0.055 mg/L, respectively). The total Cr concentration was near the MCL in the May 1990 ground-

water sample collected from well KAFB 0502 (0.045 mg/L). Total Cr concentrations were below

the MCL in all other ground-water samples collected at this site. Total Cr values may be an

artifact of well construction and completion procedures or sample collection methods, as

discussed in Section 4.2.
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1--___ [ DANIEL B. STEPHENS & ASSOCIATES, INC.

I

I ENVIRONMENTAL SCIENTISTS AND ENGINEERS

Table 4. Chromium Results for Ground-Water Samples
from MonitorWellsat the SewageLagoons

Dissolved Total
Chromium1 Chromium2 Chromium (Vl)3

Well ID Date (mg/L) (mg/L) (mg/L)

KAFB0501 05/09/90 0.051 0,14 J NA
08/28/90 <0.005 0.014 NA

11/27/90 0.0067 0.0024 J NA

02/25/91 0.0076 0.028 ND

05/29/91 ND ND ND
11113/91 ND 0.0075 ND

05/18/92 ND ND NA
KAFB 0502 05/10/90 0.0072 0.045 J NA

08/28/90 0.005 0.017 NA
11/27/90 0.0014 ND NA

02/26/91 ND 0.0037 ND

05/30/91 ND ND ND

11/12/91 ND ND ND
05/18/92 ND ND NA

KAFB 0503 05/10/90 0.046 0,12 J NA
05/10/90 D 0.047 0.097 J NA

08/30/90 0.0094 0,12 NA

11/28/90 0.0070 0,082 J NA

02/26/91 0.0011 0.037 ND

05/29/91 ND 0.024 0.020

11/13/91 0.0030 0,055 ND

05/18/92 0.013 0.012 NA

KAFB 0504 05/17/90 <0.050 0.029 J NA

08/30190 <0.050 0.023 NA

11/29190 0.0017 0.0061 J NA

02/27/91 0.0012 0.0059 ND

06/05/91 ND 0.0033 ND

11/14/91 ND 0.0033 ND

05/16/92 ND 0.028 NA

Notes: t EPA test method7191 NA = Not available
z EPA test methods 3020/7191 ND = Not detected
= EPA test method 7196 D = Duplicatesample

Values above the MCL are shownin bold.

J values are estimates. Recoveryof analyte from matrixspike and/or matrix spike
duplicatewas not withinlimits.

Source: USGS, 1993a, 1993b
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3.1.3 Staqe 2A Investiqation

Duringthe Stage 2A RFI (USGS, 1993b), three additional rounds of ground-watersamples were

collectedfromthe sewage lagoonwells. In additionto total anddissolvedCr analyses,totaland

dissolvedCr(VI) analyseswere also conducted. Ground-waterelevationmeasurementswere

taken on a monthlybasis. The USGS also collected18 soil and 8 ground-watersamples to

establishbase-wide concentrationsof naturallyoccurringsoil metals and ground-waterquality

parameters.

3.1.3.1 Ground Water. The depth to water beneath the sewage lagoon site ranged from

approximately474 to approximately491 feet belowlandsurface,based on monthlywater level

measurementsof fourwells takenbetween May 1990 and September1993. The localslopeof

the water table beneath the sewage lagoonis towardthe northeastat about 9 feet per mile.

However, pumpage from KAFBproductionwells locatednorthwest,north,and southeastof the

site could influence the directionandslope of the water table. The regionalslopeof the water

table in September 1992 was towardthe northeastas shownin Figure6.

Table 4 summarizesthe results of the ground-water Cr analyses. Total Cr was detected above

the MCL in the sample from KAFB 0503 (0.055 mg/L). In addition, Cr(Vl) was detected above

the quantitation limit in the sample from KAFB 0503 (0.020 mg/L).

3.1.3.2 Background Concentrations. The USGS determined background concentrationsby

calculating an upper tolerance limit (UTL) for each analyte and matrix for which there were a

sufficient number of detected concentrations (see Appendix A). The procedures followed for

calculating UTL are outlined in Statistical Analysis of Groundwater Monitoring Data at RCRA

Facilities (U.S. EPA, 1989b). The UTLs for Cr in background soils and ground water are listed

below:

• UTL for Cr in background soil - 10.307 mg/kg

• UTL for Cr in background ground water - 0.029 mg/L

3186kPC-MNTRG.194\PC-PLN.209 18
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A correction was made by DBS&A for the ground-water background Cr concentration (0.026

mg/L) reported in the Stage 2A draft report (USGS, 1993b). The corrected UTL of 0.029 mg/L

is based on the six reported values of Cr above the detection limit, rather than the total number

of analyses performed, which was eight.

3.2 Golf Course Main Pond

A series of samples, including surface-water, sediment, soil, drilling-mud, and ground-water

samples, have been collected in and around the golf course main pond since the spring of 1988

as part of previous investigations at KAFB. Subsections 3.2.1 through 3.2.3 discuss the findings

of these investigations.

3.2.1 Pre-Staqe 2 Investiqations

In March 1988, prior to the complete evaporation of the golf course main pond, the USGS

sampled the pond water and sediment. Water samples were analyzed for aromatic volatile

organics, halogenated volatile organics, total recoverable metals, arsenic,mercury, and selenium.

The results of the water analyses did not show concentrations exceeding the EPA or New Mexico

MCLs for these analytes.

3.2.2 Staqe 2 Investiqation

As part of the Stage 2 Investigation, the USGS collected dry-pond sediment, soil, drilling-mud,

and ground-water samples from the golf course main pond and vicinity during the period between

November 1989 and December 1990.

3.2.2.1 Dry-Pond Sediments. Dry-pondsediment samples were collected fromthe surfaceof the

dry pond at three locations (designated as KAFB 0605, KAFB 0606, and KAFB 0607 in Figure 7).

The dry-pond sediments were dark-colored, fine-grained materials that probably include a mixture

of dry sludge with silt and clay washed in from the watershed above the pond. Dry-pond

sediment samples were analyzed for soil moisture content, volatile organic compounds, ICP

metals screen, chromium, mercury, nitrogen (nitrate-nitrite, ammonia, total Kjeldahl nitrogen), and

EP Tox for metals and pesticides. The Cr results for dry-pond sediment are listed in Table 5.
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Table 5. Chromium Results for Dry-Pond Sediments at the
Golf Course Main Pond

EP Tox

Sample Chromium 1 Chromiun_
SampleNumber Location Date (mg/kg) (mg/L)

KAFB060501-1 5 12/08/89 103J 0.10

KAFB060601-1 6 01/11/89 39 J <0.05

KAFB060701-1 7 01/11/89 71 J <0.05

Notes: IEPAtestmethods3050/7191;projectdetectionlimitforchromium= 0.1 mg/kg
=EPAtestmethods131016010;projectdetectionlimitforchromiumleachate= 0.5 mg/L

J valuesare estimates. Recoveryof analytefrommatrixspikeand/ormarx spike
duplicatewasnotwithinlimits.

Source: USGS,1993a

The use of soil-basedaction levels to determine the significanceof contaminationin the dry-pond

sediments does not strictly apply, because the composition of the pond sediment has partially

been determined by inflow from the sewage lagoon. However, because there are no action levels

for solid media other than soil, the reported concentrations of analytes of interest in the dry-pond

sediment samples are compared to soil action levels as an indication of contamination.

The metal Be was the only analyte of interest reported above the soil actionlevel of 0.1 mg/kg

in the dry-pond sediment samples from this site. Because Be concentrations in the dry-pond

sediment (0.4 to 0.5 mg/kg) closely approximate the concentrations found in soils on KAFB, Be

is not considered to be a significant contaminant in the dry-pond sediment.

3.2.2.2 Deep-Augered Soil Samples.. A 100-foot borehole was augered at each of four locations

(designated as KAFB 0601, KAFB 0602, KAFB 0603, and KAFB 0604 in Figure 8) in the area of

the golf course main pond. Samples were collected for analysis at 5-, 20-, 50-, and 100-foot

depths from each borehole. The samples were analyzed for soil moisture, volatile organic

compounds, ICP metal screen, chromium, mercury, nitrogen (nitrate-nitrite, ammonia, total

Kjeldahl nitrogen), and EP Tox for metals and pesticides. The Cr results for soil samples are

listed in Table 6. Beryllium was detected in the soil samples at concentrations above the action
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Table 6. Chromium Results for Soil Samples
from Deep Augered Borings at the Golf Course Main Pond

Sample Location Chromium1
Sample Number (boring# / depth[ft]) Date (mg/kg)

KAFB 060101-1 1 /5 10/31/89 9.1 J

KAFB 060102-1 1 / 20 10/31/89 38.0 J

KAFB 060103-1 1 / 50 11/01/89 8.7 J

KAFB 060104-1 1 / 99 12/05/89 8.8 J

KAFB 060201-1 2 / 5 01/04/90 3.6

KAFB 060202-1 2 / 20 01/04/90 4.5

KAFB 060203-1 2 / 50 01/04/90 2.9

KAFB 060204-1 2/100 01/05/90 15.0

KAFB 060205-1 2/100 (Duplicate) 01/05/90 3.5

KAFB 060301-1 3 / 5 12/09/89 5.0 J

KAFB 060302-1 3 / 20 12/09/89 9.8 J

KAFB060303-1 3 / 50 12/09/89 7.7 J

KAFB060401-1 4 / 5 12/06/89 7.2 J

KAFB 060402-1 4 / 24 12/06/89 8.6 J

KAFB 060403-1 4 / 50 12/07/89 8.0 J

KAFB 060404-1 4 / 100 12/08/89 5.0

Notes: 1EPA test methods 3050/7191; projectdetectionlimitfor chromium = 0.1 mojkg

J valuesare estimates. Analytedetectedin prep blankor methodblank.

Source: USGS, 1993a
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level; however, the concentrationsare considered to be naturally occurringas they are within the

range (from <0.2 to 0.8 mg/kg) found in soil samples collected over a wide areal extent at KAFB.

3.2.2.3 Ground Water. Ground-water monitor wells were installed at each of four locations

(designatedas KAFB0602, KAFB0608, KAFB0609, and KAFB0610 in Figure7) adjacentto

the golf course main pond. Monitorwell KAFB 0602 was drilled immediatelyadjacent to the

augered boreholeof the same number.

The depth to the water table at the golf course main pond is between 310 and 325 feet below

land surface (Figures 7 and 8). The static water levels in monitor wells near the pond are about

100 feet higher than would be expected based on water level measurements in more distant

wells, initially leading to the hypothesis that a ground-water mound exists in the vicinity of the golf

course. Based on this hypothesis, any wells to the north, west, or south could be considered

downgradient of the site (Figure 9). Monitor well KAFB 0213 is located about 1.3 miles to the

west-northwest,and monitorwell KAFB0901 is located about 1.4 milesto the north. Production

well 11 is approximately1.25 milesto the north. No wellsare knownto existin the area east of

the site and closerto the ManzanitaMountainfront.

The proximity of the Sandia Mountains suggests another hypothesis for the generally shallower

ground water at the golf course. The Sandia and West Sandia Faults occur east of the golf

course. Recent analysis of the North Albuquerque Basin suggests that a series of downthrown

blocks occurs along both sides of the basin (Hawley, 1993). According to this hypothesis, the

shallower ground-water elevations at the golf course may be due to the presence of another fault

west of the golf course. A stratigraphic investigation of this area is beyond the scope of any

environmental restoration activities at KAFB, in particular, this post-closure plan. However, the

poorly defined influence of structural features (faults and blocks) on the hydrogeology at this and

other sites should be recognized. This data gap is being addressed by Sandia National

Laboratories, which is conducting a base-wide geologic characterization study for the Department

of Energy.

The two monitor wells on the northern margin of the pond, wells KAFB 0608 and KAFB 0609,

were completed with the screened interval intersecting the water table. Wells KAFB 0602 and
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KAFB 0610 were constructed with the well screen set deeper into the saturated zone. The water

levels in these wells were approximately 114 and 26 feet, respectively, above the tops of the

screens.

The slope of the water table at the golf course main pond is toward the north-northeast at

approximately 4 feet per 100 yards (0.013 ft/ft) (Figure 7). This slope may be temporary (for 1990

only) and may not prevail for any great distance beyond the perimeter outlined by the wells in

Figure 9. The slope is based on water level elevations in wells KAFB 0608, KAFB 0609, and

KAFB 0610. The water level elevation in KAFB 0602 was not in this current analysis because

the well screen was set too deep into the saturated zone, and there appears to be a significant

downward vertical gradient in the upper part of the aquifer at the golf course main pond. The

water level measurement in well KAFB 0610 is probably lower than the actual water table

elevation at this location because the screen in this well was also submerged.

Initial ground-water samples were collected from each monitor well in May 1990 after the wells

were developed. The ground-water samples were analyzed for petroleum hydrocarbons, arsenic,

chromium, lead, mercury, selenium, total dissolvedsolids, common anions, nitrogen (nitrate-nitrite,

ammonia, and total Kjeldahl nitrogen), Appendix IX analytes (volatile organic compounds,

semivolatile organic compounds, dioxins and furans, organochlorine pesticides and PCBs,

chlorinated herbicides, total recoverable and dissolved metals, cyanide, fluoride, and sulfide),

gross alpha and beta, radium-226, and radium-228. In addition, temperature, pH, specific

conductance, and alkalinity were measured when the samples were collected. The Cr results for

the ground-water samples are listed in Table 7.

The monitor wells were resampled twice (August/September 1990 and November/December

1990). The ground-water samples collected during these subsequent rounds were analyzed only

for significant contaminant(s) detected during the first round of sampling (May 1990).

Dissolved Cr, total Cr, nitrate, and gross alpha activity were detected in ground-water samples

collected from the site in concentrations in excess of the action levels of 0.050 mg/L, 0.050 mg/L,

10 mg/L, and 15 pCi/L, respectively. Dissolved Cr concentrations of 0.054 and 0.042 mg/L were

detected in samples from wells KAFB 0602 and KAFB 0610, respectively, during the May 1990
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Table 7. Chromium Results for Ground-Water Samples
from Monitor Wells at the Golf Course Main Pond

Dissolved Total
ChromiumI Chromium2 Chromium(VI)3

Well ID Date (mg/L) (mg/L) (mg/L)

KAFB 0602 05/04/90 0.054 0.240 J NA

09/05/90 <0.005 0.045 NA

12/10/90 ND 0.013 J NA

03/05/91 ND 0.019 ND

06/04/91 ND 0.011 ND

11/19/91 ND ND ND

05/12/92 ND 0.017 NA

KAFB0608 05/17/90 <0.010 0,038 J NA
09/05/90 0.0074 0.014 NA

11/30/90 0.0096 0.0083 J NA

03/04/91 0.011 0.075 0.023

05/31/91 0.0084 0.011 0.011

11/15/91 0.0066 0.011 ND

05/19/92 ND ND NA

KAFB0609 05/08/90 0.0098 0.031 J NA
08/29/90 <0.005 0.014 NA

11/29/90 0.0034 0.047 J NA

02/27/91 0.0011 0.028 ND

05/30/91 ND 0.0076 0.011

11/12/91 ND 0.025 ND

05/11/92 ND 0.028 NA

KAFB 0610 05/03/90 0.042 NA NA
08/31/90 <0.005 0.051 NA

12/06/90 ND 0.014 J NA

03/06/91 0.0034 0.053 ND

06/03/91 0.0059 0.015 ND

11/19/91 ND 0.012 ND

05/20/92 ND ND NA

Notes: 1EPA test method7191 NA = Not available
=EPA test methods3020/7191 ND = Not detected
3 EPA test method 7196

Values above the MCL are shownin bold.

J values are esSmates. Recovery of analyte from matrix spike and/or matrixspike
duplicatewas not within limits.

Source: USGS, 1993a, 1993b
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sampling. DissolvedCr concentrationshave been below0.010 mg/L in subsequentground-water

samples collected from these wells (August/September and November/December 1990), as well

as in all ground-water samples collected from wells KAFB 0608 and KAFB 0609.

Total Cr was reportedabovethe actionlevel in the firstground-watersample collectedfromwell

KAFB0602 (0.240 mg/L)and intheAugust1990 ground-watersamplecollectedfromKAFB0610

(0.51 mg/L). Total Cr concentrationswere below the action level in all other ground-water

samplescollectedfrom this site (Table 7). Total Cr may be an artifactof well constructionand

completionproceduresor sample collection,as discussedin Section4.2.

3.2.3 Staqe 2A Investigation

Four wells, installed during the Stage 2 investigation,were monitoredduring the Stage 2A

investigationto determinewhether a release hadoccurredat the golfcoursemainpond. Three

additionalroundsof sampleswere collected. In additionto totalanddissolvedCr analyses,total

anddissolvedCr(VI) analyseswerealsoconducted.Ground-waterelevationmeasurementswere

taken on a monthlybasis.

The depth to water at thegolf coursemainpondrangedfromapproximately305 to approximately

329 feet below landsurfacebasedon monthlywater level measurementsfrom fourmonitorwells

between April 1990 and September 1993. The localslopeof the water table at the golf course

site is generallyto the southeast(Figure8).

Table 7 summarizes the results of the ground-wateranalyses for Cr. DissolvedCr was not

detected above the MCL. Total Cr was detectedabovethe MCLin KAFB0608 (0.075 mg/L)and

KAFB0610 (0.053 rng/L). Inaddition,Cr(VI) wasdetectedabovethe quantitationlimitinsamples

from wells KAFB 0608 (0.023 and 0.011 rag/L)and KAFB 0609 (0.011 mg/L).
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4. CHROMIUM IN GROUND WATER

Thissectionbriefly reviewsaspectsof chromiumthatarepertinentto thepresenceof the element

in groundwater at KAFB. Section4.1 brieflyaddressesCr geochemistryand redoxproperties.

Section 4.2 contains a discussionabout the affect that turbiditycan have on the analyzed

compositionof groundwater. Section4.3 containsa brief presentationof the hazard that Cr

posesto human health.

4.1 Geochemistry and Redox Reactions between Cr(Vl) and Cr(lll)

Geochemically,Cr is characterizedby its predominantradius and charge (0.64 angstroms

and +3), whichallowitto readilysubstitutefor [ironFe(lll), 0.67 angstroms]andaluminum[AI(III),

0.56 angstroms]in the crystalstructureof minerals. Cr(lll) generallycrystallizesoutearly in an

igneoussequenceandoccursinthechromitespinelgroupassociatedwithmaficminerals. It can

be released from silicates,but due to relativelystrongsorption,tends to be incorporatedinto

shales and, after metamorphosis,schists.

Chromium exists in two oxidationstates in natural aqueous systems: trivalent[Cr(lll)] and

hexavalent[Cr(VI)]. Cr(VI) isthe thermodynamicallystableform underwell-oxygenated(or high

electricalpotential,Eh) and usuallyalkalinepH conditions. It is also more solublethan Cr(lll).

It occurs as an oxyanion(CrO42)and, like othernegativelychargedions, is poorlysorbed on

clays and hydrousoxides. Conversely,it is stronglysorbedby activatedcarbon and oxidizes

organicmatter. Cr(VI) is reducedto Cr(lll) by ferrousiron,dissolvedsulfides,andcertainorganic

groupscontainingsulfhydrylgroups. AlthoughCr(lll) is oxidizedto Cr(VI) by manganeseoxide

(MnO2) or oxygen, the kineticsof oxidationare relativelyslow and Cr(lll) bound to naturally

occurringsolidscan persistunderotherwiseoxidizingconditions.

Studies have shown that the majorityof Cr (67 to 98 percent) is sorbed to particulate materials

in municipal waters (Jan and Young, 1978). Of the dissolved fraction, an even greater majority

(97 to 99 percent) occurs as Cr(lll). As will be discussed in Section 4.2, filter size may have a

great influence on the concentrations that are observed in "dissolved" fractions. Previous
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researchers (Pfeiffer et al., 1980) have observed that most Cr(Vl) dischargedto freshwater is

removed by reduction to the trivalent form and subsequently sorbed to sediment.

Cr(Vl) can also occur naturallyunder certain conditions. Robertson (1975) observed Cr(Vl)

concentrationsabove thehealth standardof 0.05 mg/Linthegroundwaterof the ParadiseValley,

MaricopaCounty,Arizona. The highestCr(VI) concentrationswere associatedwith fine-grained

sedimentsin the center of a closed-basinor playa depositionalenvironment. The pH in these

sedimentswas alkalinedue to silicatehydrolysisandprovidedconditionsfavorable for oxidation

of Cr(lll) to Cr(VI).

4.2 Influence of Turbidity

Given the preference that Cr(lll) shows for sorptionon colloidalparticles and the standard

preservationtechnique of acidifyingnaturalwater samples collected for metals analysis, the

turbidityof ground-watersamplesfrom the wells at the sewage lagoonsand golf course main

pondis a matterof fundamentalconcern. In additionto preventingthegrowthof microorganisms

in the sample, acidificationchangesthe compositionof turbidsamples by displacingadsorbed

cationsand shiftingthechargebalanceof pH-dependentchargesites,whichlowersthe sorption

capacityof the suspendedsolids. For manyoxideand hydrousoxide mineralsthere is a sharp

increase in solubility as pH decreases, further adding to the observed "dissolved" metal

concentrations. The resulting samples are not representative of actual ground-water

concentrations.

Possibleremediesfor theproblemof turbidground-watersamplesincludeminimizingthe amount

of silt or clay collected during ground-water sampling by either improving the hydraulic

characteristicsof the monitorwell or adjustingtheground-watersamplingtechniqueto minimize

the disturbance of silt and clay in the silt trap, the filter pack, or the formation. Specific

recommendationsfor monitorwelldesigninlow-permeabilityformationsbeginwiththerecognition

of silty or clayey layers withinthe screened interval (Gass, 1988). Steps shouldbe taken to

minimizethe surgeenergythatreachesthe formationduringdevelopment(orfilterpack cleaning)

and sampling.
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Well constructionsteps that will minimizethe surge energy includeincreasingthe diameter and

carefully maintaining the uniformity of an appropriately designed filter pack (Gallagher, 1987).

Wells completed in low-permeability formations should not be aggressively developed. The water

velocity within the formation should also be controlled during well purging and aquifer water

sampling (Gass, 1988). Water sampling techniques to minimize surge energy in the formation

include the use of small diameter pumps or bailers (about one half the casing diameter), sampling

at least 2 feet above the bottom of the well, slow pump or bailer introduction and withdrawal rates,

and low pumping rates. Details of the actual USGS sampling procedure at KAFB are not well

documented, nor were turbidity measurements routinely made; however, ground-water samples

reportedly were "cloudy"in several cases.

Filteringgroundwater is recommendedfor dissolvedmetalsanalysesas part of a dual sampling

approach(Pulsand Barcelona,1989). Pulsand Barcelonastatedthat colloidalparticleslikelyto

be filtered out could also accountfor the mobilityof metals;therefore, they recommendedthat

unfilteredwater samplesbe analyzedas well. However,the intendeduse of the data mustbe

considered. They state that "if the purpose of the sampling is to determine possible mobile

contaminant species, the unfiltered samples should be given priority." As support for this

recommendation, they cite the conclusions of several studies, most of which were performed in

sand or sand and gravel porous media. The lack of data on filtering samples collected from

monitor wells completed in finer-textured media limits the usefulness of such a general

recommendation.

Another approach to the problem of turbidground-watersamples is to re-evaluatethe nature of

the contaminantsof concern.The contributionof desorbedcontaminantswillvary,dependingon

the chemicalpropertiesof thecontaminant,the turbidityof theground-watersample,andthe level

of contaminationin the ground-waterportionof the turbid sample. For inorganicanalytes,

especiallyfor metals,suspendedcolloidalmaterialcan have an importanteffect on the analytical

results. Careful well purgingand samplingtechniquesshould minimizeany uncertainty. To

address this issue, KAFB proposes to use low volume, small diameter pumps and slow

introductionand withdrawalrates duringthe proposedPhase I ground-watersamplecollection.
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4.3 Toxicology

Although Cr is a toxin, it also has mutagenic, cytogenic,and carcinogeniceffects on living

organisms(Langard,1982). AlthoughbothCr(VI) andCr(lll) havebeeninvestigated,there is little

evidencethat Cr(lll) causescancer(Hayes, 1982). Epidemiologicalstudiesof canceroccurrence

have been conductedon workersexposedat chromeplatingfacilitiesandduringthe production

of Cr chemicals,chromatepigments,andCr steels. An increasedfrequencyofcancerassociated

with the respiratorytract andthe lungshas often been found and is attributedto the inhalation

of Cr(VI)-containingparticles,as Cr(VI) is absorbedrapidlythroughpulmonarytissue. Effortsto

reduce respiratoryexposureappear to have a beneficialeffect on the cancer rates associated

with these occupations(Hayes, 1982).

As Cr(VI) compoundsare generallyvery soluble,they have been shownto produce cytotoxic

effectsat concentrations100 to 1,000 timeslowerthan for Cr(lll) compounds.Once insidecells,

Cr(VI) can function as an oxidizingagent and be reduced to Cr(lll). This oxidation-reduction

reactionmay causefragmentationof macromolecules,suchas DNA. Gastricfluidsand livercells

have also been shownto reduceCr(VI) to Cr(lll). Once presentinsidecells,Cr(lll) appears to

bindto nitrogenandphosphoruscontainedinmacromolecules,changingboththeirconformations

and abilitiesto functionnormally(Levisand Bianchi,1982). However,Cr is also consideredan

essentialnutrientat lowerconcentrations.It tendsto accumulatein bothfreshwaterand marine

biota in concentrationsmuchhigherthan in the surroundingwater (Callahanet al., 1979).

Due tothe reducingactionof gastricacids, the potentiallymosthazardousground-waterexposure

route for Cr(VI) wouldbe throughinhalationof dropletsduringshowering. However,the Cr(VI)

concentrationsusually found in water are much lower than those associatedwith air-borne

particulatesin industrialsettings.
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5. REGULATORY BACKGROUND

A variety of regulationshave been reviewedfor the post-closureplan. These includeguidelines

for clean closure and hazardous waste listing as well as recently promulgated regulations for the

use and disposal of sewage sludge.

5.1 Waste Characterization

Basedon the EP Tox analysisof sludgesamples,thesludgeinboththesewage lagoonsand the

golf course main pond is not a hazardouswaste. However, the sewage lagoonsludge does

containsome hazardouswaste constituentsat concentrationsabove those in backgroundsoils

at the site. Accordingto 40 CFR, Part 261.11(a)(3), a waste may also be listedas hazardousif

it containshazardouswaste constituentsand the EPA Administrator(or his/herrepresentative,

e.g., state authorities)determinesthat the wasteposesa presentor potentialhazard to human

health or the environment. Such a determinationmaybe based on the followingcriteria,which

are listedin Part 261.11(a)(3).

• Nature of toxicitypresentedby the contaminant

• Concentrationof the contaminant

• Potentialfor migrationof the contaminant

• Persistenceof the contaminant

• Potentialfor degradationor transformationof the contaminant

• Bioaccumulationpotentialof the contaminant

• Plausibleimpropermanagementof the site (and resultingrelease of the contaminant)

• Nature and severityof any damage that alreadyhas occurred

• Other actionsat similarsites

• Any other appropriatefactors

Each of these criteria is discussed below with respectto Cr.

Nature of toxicity presented by the contaminant. At sufficient concentrationsin air and water,

Cr(VI) is consideredboth a toxicant and a carcinogen. Standards for exposureto Cr(VI) are
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primarily determinedon the basisof its carcinogenicity.The primaryexposureroute is through

inhalationwith subsequenteffects on the upper respiratorytract and the lungs. Ingestionof

Cr(VI) is much less hazardous,as it is reducedto Cr(lll) in the gastrointestinaltractand in the

liver (Levis and Bianchi, 1982). Cr(lll) is an essentialtrace element for good health, but the

greater solubilityof Cr(VI) in aqueous solutionmakes it possiblefor Cr(VI) to greatly exceed

nutritionalrequirements.

Concentration of the contaminant. The concentrationsof total anddissolvedCr ingroundwater

fromwellsaroundthesewagelagoonsand the golfcoursemainpondrangefrom non-detectable

to severalhundredpartsperbillion(ppb). These analysesdo notdifferentiatebetweenCr(lll) and

Cr(VI), althoughit isconservativelyassumedthatdissolvedCr iscomparableto Cr(VI). Dissolved

Cr actuallyis an operationallydefinedquantity,basedon filteringgroundwater througha 0.45-

micronfilter. This measures not only true solutionCr, but all Cr that may occuron suspended

particlesthat pass througha filterof this size.

The New Mexico Water Quality ControlCommission(WQCC) and Federal MCL for Cr(VI) in

drinkingwater is 50 ppb (or gg/L). This is the same concentrationlevel currentlylistedas the

interimprimary drinkingwater standard in AppendixIII of 40 CFR Part 265. The highestCr

concentrationswere observedinthe initial(1990) samplescollectedfromthemonitorwellsat the

twosites. Concentrationssincethe firstroundof samplinghavegenerallydeclined,althoughtotal

Cr concentrationshave occasionallyexceeded the applicableMCL (Figures 10 and 11). The

observed Cr mightbe highlyinfluencedby boreholedrilling/wellinstallationand purge/sampling

techniques(Section 4.2).

Potential for migration of the contaminant. Cr(Vl) is soluble in water andthus has potential to

migrate if sufficient leaching solutionis available. This property probably accountsfor the

decreasingCr concentrationlevelsobservedinsuccessivelydeeper soilsamplesfromboreholes

at the sewage lagoons. However, except for relatively well defined and rather unique

geochemicalenvironments,Cr(VI) is unstable. It is reducedto Cr(lll) by ferrousiron,sulfides,and

organicmatter,and then precipitatesontoor adsorbsto thesolidphaseinnaturalporousmedia.
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Persistence of the contaminant and potential fordegradation or transformation of the contaminant.

Cr(VI) is not likely to persist in either the sludge or soil at these sites. Highly oxidizing conditions,

high pH, and the absence of reducing agents such as ferrous iron, sulfide, or organic matter are

necessary for the presence of Cr(Vl) (Robertson, 1975). Given the abundance of organic matedal

at both sites, it is likely that any Cr(VI) that may have been initially present in sewage effluent was

transformed to Cr(lll) and precipitated with or adsorbed on iron oxyhydroxides or carbonate

materials.

Bioaccumulation potential of the contaminant. Cr is an essentialelement for good nutrition. It

is bioaccumulated,but generallyat lowerrates than those associatedwithother trace metals.

Plausible improper management of the site (and resulting release of the contaminant). The

sewage lagoonswere unlinedsurfaceimpoundmentsthatwere usedfor sewageeffluentfromthe

facilities of KAFB, its contractors,and the numerous tenants, includingSandia National

Laboratories,who have conductedoperationsat KAFB. The designand use of unlinedsewage

treatmentfacilitiesdo notcomplywithcurrentstandardsforsegregationorcontainmentofeffluent

wastewater. However,the useofwastewaterfromthe lagoonswas acceptedpracticeatthe time

of theirconstruction.Furthermore,suchuse addresseda needthat persistsfor communitiesin

arid environments,namely,the conservationof water resources. Boththe sewagelagoonsand

golf coursemain pondare currentlyunused.

Nature and severity of any damage that already has occurred. No damage to human health or

the environment has been documented due to use of the sewage lagoons or the golf course main

pond.

Other actions at similar sites. The treatment of sewage sludge using unlined surface

impoundments was a common practice in the past, especially in the arid southwest where high

evaporation rates prevail for much of the year. Current sludge land application guidelines

(Section 5.2) allow the use of sewage sludge with Cr concentrations nearly 50 percent higher than

the highest concentration known to be present in the sludge remaining in the sewage lagoons.

These regulations reflect the mechanisms leading to Cr reduction and immobilization in soils that

are protective of ground-water supply sources and thus to human health.
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5.2 New Standards for Use or Disposal of Sewage Sludge

The EPA published new regulations for the disposal of sewage sludge on February 19, 1993 in

the Federal Register. These regulations, Part 503, Standards for Use or Disposal of Sewage

Sludge, contain concentration guidelines for evaluating land application as a means of sludge

disposal.

Although not strictly applicable to the lagoon or pond sites, the metal application limits presented

in Subpart B, Land Application (Part 503.13) do provide a relevant and useful perspective for

interpreting the concentrations of Cr encountered in the sludge and soil at these sites. The ceiling

concentration allowed for sewage sludge is 3000 mg/kg, a value that is not exceeded by any of

the sludge sample analyses conducted thus far. The highest concentration observed in sludge

samples collected to date is 2250 mg/kg, and most sludge sample Cr concentrations are much

lower.

The cumulative loading limit for Cr is 3000 kilograms per hectare (kg/ha) (or about 2,679 pounds

per acre [Ib/a]). Based on the estimated volume of sludge remaining in the lagoons (2,023 cubic

yards) and a density of 87.4 pounds per cubic foot, a conservative maximum cumulative metal

loading at the sewage lagoons is 836 Ib/a, well below the 2,679-1b/a(or 3,000-kg/ha) limit listed

in Table 2 of Part 503.13. Details of this calculation are presented in Appendix D.

5.3 Clean Closure Requirements

KAFB has proposed clean closure for the sewage lagoons and golf course main pond, based on

characterization of the sludge as a nonhazardous solidwaste and declining concentrations of total

Cr in ground-water samples collected over the past four years.

5.3.1 Clean Closure

According to the definition of clean closure, all hazardous wastes must be removed or

decontaminated. The remedy includes no engineering controls, and no operation or maintenance

activities are required to maintain the site. In addition, no land use restrictions are imposed at

the site. With respect to minimizing hazards to human health and the environment, any ground

water that could be affected must meet drinking water standards. Leachate from the closed

facility must meet TCLP regulatory levels.
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5.3.2 Hybrid Clean Closure

A variation of clean closure, termed hybrid clean closure, has been presented as a means of

allowing practical and more cost-effective solutions to be implemented at some sites (U.S. EPA,

1989a). The remedies for these sites must still provide protection from hazards to human health

and the environment. For example, low concentrations of waste that do not pose a threat of

exposure through migration by any route may remain in place; however, ground water must be

sufficiently protected so that it meets either drinking water standards or the risk range calculated

for the site.

5.3.3 Closure at the Sewa.qe La.qoons and Golf Course Main Pond

Certification that the sewage lagoons and golf course main pond were closed was documented

in a letter to NMED dated August 12, 1993 (KAFB, 1993). The only deviation from the approved

closure plan was to leave the sludge in place. KAFB believes that the closure qualifies as a

hybrid clean closure based on characterization of the lagoon and pond sludges as non-hazardous

solid wastes that do not pose a present or potential hazard to human health or the environment.

Based on the analytical results, it appears that most of the Cr present in soil, sludge, pond

sediment, and ground-water samples is Cr(lll). Although the sludge at both sites was originally

accumulated in a surface impoundment, KAFB believes that both facilities qualify in their current

condition and use as land application sites, and that the metal concentration guidelines for

sewage sludge provide a reasonable perspective from which to view the proposal for clean

closure of these sites. However, to meet the requirements for clean closure under HWMR-7,

Part VI 40 CRF 265.228(a)(1) at the end of Phase I, the following conditions must be met:

1. Either sludge analysis results show Cr concentrations below both TCLP regulatory levels

and soil action levels or sludge and pond sediments are removed or decontaminated.

2. Ground-water monitoring results show Cr concentrations below WQCC levels.
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6. PHASE I SAMPLING AND ANALYSIS PLAN

The purposeof this Phase I samplingandanalysisplan is to collectadditionalsamples to verify

the downward trend shown in previousCr samplingresultsin supportof clean closureof the

KAFB sewage lagoonand golfcourse mainpond. Allfieldand laboratoryactivitiesspecifiedin

thisplanwillbe conductedingeneralaccordancewiththeprocedurescontainedinthe Installation

RestorationProgram(IRP) Stage 2 SamplingandAnalysisPlan (SAP) for KAFB(USGS, 1989),

DBS&A Standard OperatingProcedures(SOPs)(AppendixE), and the site-specifichealth and

safety plan (HSP) containedin AppendixF.

Two sludge sampleswill be collectedas part of the Phase I samplingactivities. In addition,four

roundsof quarterlyground-watersamples willbe collectedand analyzed from all four wells at

each site for one year. Field and laboratoryquality control(QC) proceduresfollowedduring

Phase I work activitieswill conform with those containedin the IRP Stage 2 SAP for KAFB

(USGS, 1989), described in Section 6.3 of this plan. However,all wells will be purged and

sampled using low-flow, submersiblepumps. All nondisposablesampling equipmentwill be

carefullydecontaminatedwith Uquinox®andrinsedwithdistilledwater priorto use,and a pairof

new clean latex or plasticgloveswill be donnedpriorto handlingeach new sludge or ground-

water sample.

Sample containerswill be labeled and markedwith indelibleinkandthen placed on ice insidean

insulatedcooler. Ample ice will be used to maintaina temperatureof 4°C inside the cooler.

Chain-of-custodyform_'willbe completedfor all samplescollected,and the formswillbe placed

in a sealed plasticbag and taped to the insideof thecoolerlid. Chain-of-custodysealswill be

placed across the front and back of the coolerlidsuchthat they will be brokenin the event of

tampering. The coolerlidwillbe firmlytapedshutwithseveral layers of shippingtape encircling

the ends of the cooler. The samples will be shipped by ovemight courier to Analytical

Technologies,Inc. (ATI) in Phoenix,Arizona. Samplingandanalysisrequirementsaredescribed

in more detail below.
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6.1 Sludge Sampling

Four sewage sludge samples will be collected from each of the two KAFB sewage lagoons to be

combined into one composite sample for each lagoon. The proposed subsampling locations are

shown in Figure 3. Subsamples will be collected using clean stainless steel equipment in

accordance with DBS&A SOP 13.3.2 (Appendix E) and KAFB procedures. One split-ring sample

will be collected from each of the four subsampling locations, and the depth of sludge at each

location will be recorded. These samples will be maintained under custody in the event that

additional analysis is requested for individual subsamples.

The composite sample will be composed of equal volumes of each sludge subsample mixed in

a stainless steel bowl. After thorough mixing, one sampling jar for each lagoon will be filled with

the composite sludge material. Sludge samples will be shipped by overnight courier to ATI in for

analysis of total Cr, Cr(VI), and for Cr by the toxicity characteristic leaching procedure (TCLP).

EPA methods 3050 and 1311 will be used for sample preparation and methods 7191, furnace

atomic absorption (hA), and 7196, colorimetric for Cr(VI), for speciation. Sampling and

preservation requirements are shown in Table 8.

Table 8. Container/Preservative Requirements for
Sludge and Ground-Water Samples

HoldingTime
(from sampling

Sample Type Analysis Container Preservative date)

Sludge Total chromium 4-oz. jar -- 6 months
Sludge Hexavalentchromium 4-oz. jar -- 28 days
Sludge TCLP chromium 8-oz. jar -- 6 months

Groundwater Total chromium 16-oz. plastic 1 mL HNO3 6 months
Groundwater Hexavalentchromium 16-oz. plastic Unpreserved 24 hours
Groundwater Turbidity 4-oz. plastic Unpreserved 48 hours
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6.2 Monitor Well Sampling

The Phase I field samplingactivitieswill includequarterly collectionand analysisof samples from

monitor wells KAFB 0501, 0502, 0503, 0504, 0602, 0608, 0609, and 0610 for a period of one

year, in accordance with DBS&A SOP 13.5 (Appendix E) and KAFB procedures for ground-water

sampling. The monitor well locations are shown in Figure 9.

Prior to purgingand ground-watersample collection,the area around each monitorwell will be

inspected for wellhead integrity,cleanliness, and signs of possible contamination,and any

deficiencieswill be noted in the field logbook. In addition,the depth to groundwater will be

measured, in general accordancewith KAFBprocedures. All equipmentthat comesin contact

withthe groundwater will be decontaminatedpriorto use in orderto avoidcross-contamination

between monitorwells.

Priorto sampling,approximatelythree to fivewellvolumeswillbe purgedfrom each monitorwell

usinga submersiblepump. The purgewater willbe heldundercustodyin secure, labeledand

dated 55-gallon drumsand appropriatelydisposedof upon receiptof the laboratoryanalytical

results.

Ground-watersamples will be collectedusinga submersiblepump. Extreme care will be taken

to minimizethe turbidityof the ground-watersamples,and measurements of turbiditywill be

recorded in the field. Samples will be collected in clean bottles provided by the analytical

laboratoryand willbe shippedbyovernightcourierto ATI for analysisof total Cr andhexavalent

Cr. EPA methods 7191 and 7196 will be used for speciation. Sampling and preservation

requirementsare shownin Table 8.

In the event that the concentrationof total Cr in anyground-watersample exceeds one half the

WQCC standard(0.5 • 0.050 mg/L= 0.025 rag/L),anadditionalbackgroundground-watersample

willbe collectedimmediatelyfrom KAFB productionwell 4, whichis locatedapproximately200

yardssoutheastof thesouthsewagelagoon. Sampleswill alsobe collectedfromthiswellduring

the remainingroundsof quarterlyground-watersampling.
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The proposed quarterly sampling dates include July 1994, October 1994, January 1995, and

April 1995. All data will be reviewed at the end of this one-year period to evaluate the necessity

of continued ground-water monitoring at the site.

6.3 Quality Assurance/Quality Control Procedures

Field QC procedures will consist of conformance with this plan and associated KAFB and DBS&A

procedures, and collection of field duplicate samples. Any variance to this plan will be noted in

the field logbook. No field duplicate sludge samples will be collected. One field duplicate

ground-water sample will be collected to determine the precision of the sample collection system.

Duplicate sample collection methods will be identical to those for the original sample, and

samples will be handled and analyzed in an identical manner. Results of the duplicate analysis

will be reported as a relative percent difference (RPD). Laboratory QC procedures will include

the analysis of laboratory batch control samples, method blanks, matrix spikes, and matrix spike

duplicates. QC requirements are summarized in Tables 9 and 10.

Table 9. Laboratory Quality Control Limits for Matrix Spikes,
Matrix Spike Duplicates, and Surrogate Spikes

SpikeConcentration LaboratoryEstablishedControlLimits

% Recovery Relative% Difference
Analytical Water Soil
Method SpikingCompounds (pg/L) (mg/kg) Water Soil Water Soil

SW7191 Matrix:Chromium 0.2 20 75-125 75-125 <20 <20

6.4 Health and Safety Procedures

A site-specific HSP has been prepared for this project and is contained in Appendix F. Field

personnel will be required to read the HSP and sign a statement that they understand the health

and safety requirements of the project. The purpose of the HSP is to outline site activities and.^.
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The proposedquarterlysamplingdates includeMarch 1994, June 1994, September 1994, and

December 1994. All data will be reviewedat the end of this one-year periodto evaluatethe

necessityof continuedground-watermonitoringat the site.

6.3 Quality Assurance/Quality Control Procedures

FieldQC procedureswill consistof conformancewiththis plan andassociatedKAFB and DBS&A

procedures, and collection of field duplicate samples. Any variance to this plan will be noted in

the field logbook. No field duplicate sludge samples will be collected. One field duplicate ground-

water sample will be collected to determine the precision of the sample collection system.

Duplicate sample collection methods will be identical to those for the original sample, and

samples will be handled and analyzed in an identical manner. Results of the duplicate analysis

will be reported as a relative percent difference (RPD). Laboratory QC procedures will include

the analysis of laboratory batch control samples, method blanks, matrix spikes, and matrix spike

duplicates. QC requirements are summarized in Tables 9 and 10.

Table 9. Laboratory Quality Control Limits for Matrix Spikes,
Matrix Spike Duplicates, and Surrogate Spikes

SpikeConcentration LaboratoryEstablishedControlLimits

% Recovery Relative% Difference
Analytical Spiking Water Soil
Method Compounds (I.[g/L) (mg/kg) Water Soil Water Soil

SW 7191 Matrix:Chromium 0.2 20 75-125 75-125 <20 <20

6.4 Health and Safety Procedures

A site-specific HSP has been prepared for this project and is contained in Appendix F. Field

personnel will be required to read the HSP and sign a statement that they understand the health

and safety requirements of the project. The purpose of the HSP is to outline site activities and
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Table 10. Field and Laboratory Quality Control
Furnace AA Screen (Chromium) SW 7191

QCCheck I Frequency AcceptanceCriteria CorrectiveAction
FieldQC:

Equipmentblank 1 perday Anycompoundsdetectedmustbeless If compoundsfoundinequipmentblankare
than3 timestheprojectdetectionlevel, alsofoundinsamplesat similar

concentrations,resampleallsamplessince
lastacceptableequipmentblank.

Duplicate 1 duplicateground-Concentrationmustbewithin30%RPD Usedatatoevaluatesamplecollection
watersample forwatersamplesandwithin40%RPD procedures.Resampteifproceduresare

forsoilsamples, foundtobeoutofcontrol.

LaboratoryQC:

Calibrationcurve Establisheddaily, Initialcalibrationverificationcheck 1. Validatestandards.If standardisstill
verifiedevery10 standardmustbewithin10%of outsideacceptancecriteria,obtainfresh,
samples calibrationcurve, cerdfiedstandards.

2. Recalibrateinstrument.
3. Documentactionstaken.

Interelement Quarterly Concentrationofanalytesubjectto 1. Computeandapplycorrectionfactor.
checksample potentialspectralinterferencemustbe 2. Ifcorrectionfactorshowsa steadily

within10%ofcalibrationcurve, changingtrend,cleanandrecalibrate
instrument.

3. Documentactionstaken.

Methodblank t perbatch Concentrationsmustnotexceedtwo 1. Determineif concentrationlevelsinthe
timesthereportinglevelof theanalyte, sampleexceedthosefoundinblank.If

so,raisereportinglimitandqualifydata.
2. If not,reprepareblank,QCsamples,and

affectedsamples.
3. Documentactionstaken.

Duplicate 1 duplicate 80%ofvaluesmustbewithin3 standard 1. Validateinstrumentparameters,sensitivity
controlsample deviationsofmeanhistoricalvaluesor andlinearity.Correctproblemsand
(DCS) methodologycontrollimitsofprecision document.

andaccuracy. 2. Validatestandards.
3. ValidateDCSpreparation.
4. ReanalyzeDCSandsamples.
5. Ifrepreparationofsamplesisnotpossible,

qualifydata.
6. Documentactionstaken.

RPD= Relativepercentdifference
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the personal protective equipment (PPE) necessary to ensure that all sampling activities are

conducted in a safe manner. It is assumed that all sampling activities may be accomplished

using Level D PPE. Health and safety procedures are discussed in more detail in Appendix F.

6.5 Phase I Reports

A report describing the initial Phase I field activities and results will be prepared following receipt

of the laboratory analytical results. Thereafter, quarterly reports will be prepared following

receipt of the laboratory analytical results for each succeeding round of quarterly ground-water

sampling. The schedule for post-closure activities is shown in Table 11.

Table 11. Schedule for Post-Closure Activities

Milestone Date

NMED/KAFB meeting 10 January 1994

Submit revised post-closure plan 1 April 1994

Post-closure plan approved 6 July 1994

Phase I sampling

Sludge 8 July 1994

Ground water 8 July 1994

Analyses 5 August 1994

Initial Phase I report 26 August 1994

Ground water monitoring

Second quarter October 1994

Third quarter January 1995

Fourth quarter April 1995

Quarterly monitoring reports 3 weeks after receipt of
analytical results
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the personal protective equipment (PPE) necessary to ensure that all sampling activities are

conducted in a safe manner. It is assumed that all sampling activities may be accomplished

using Level D PPE. Health and safety procedures are discussed in more detail in Appendix F.

6.5 Phase I Reports

A report describing the initial Phase I field activities and results will be prepared following receipt

of the laboratory analytical results. Thereafter, quarterly reports will be prepared following receipt

of the laboratory analytical results for each succeeding round of quarterly ground-water sampling.

The schedule for post-closure activities is shown in Table 11.

Table 11. Schedule for Post-Closure Activities

I Milestone Date

NMED/KAFBmeeting 10 January1994

Submitrevisedpost-closurep 10 February 1994

Finalizepost-closureplan 24 February1994

Phase I sampling

Sludge 4 March 1994

Groundwater 18 March 1994

Analyses 18 April1994

InitialPhase I report 16 May 1994

Groundwater monitoring

Secondquarter June 1994

Thirdquarter September1994

Fourthquarter December 1994

Quarterlymonitoringreports 3 weeks after receipt of
analyticalresults
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6.6 Phase II Sludge and Sediment Management Activities

If, after completing sludge sampling, Cr TCLP concentration of any sludge sample exceeds the

regulatory level of 5.0 mg/L or either Cr(lll) or Cr(VI) concentrations exceed the appropriate soil-

based action level, KAFB will remove or decontaminate the associated sludge and dry sediment

from the sewage lagoon and golf course main pond as hazardous wastes according to

40 CFR 265.228(a). Removal and decontamination procedures will be fully described in a

remedial action plan that will be submitted to NMED within 90 days of receipt of the laboratory

analytical results. The remedial action will be initiated within 30 days of final approval of the

remedial action plan.

6.7 Phase II Ground-Water Management Activities

If, at the end of Phase I monitoring, total Cr concentrations in ground water at either unit, minus

the acceptable background concentration of total Cr determined during Phase I, exceed the

WQCC standard of 0.05 mg/L, KAFB will continue quarterly ground-water monitoring at both the

noncomplying site and at least one background well according to 40 CFR 265.117 and Subpart F.

Furthermore, KAFB will develop a ground-water quality assessment plan according to

40 CFR 265.93(d). The sampling and analytical procedures will be the same as those conducted

during Phase I.

If, at the end of Phase I monitoring, total Cr concentrations in ground-water at either unit, minus

the acceptable background concentration of total Cr determined during Phase I, do not exceed

the WQCC standard, KAFB will cease further ground-water monitoring activities. KAFB will then

close both sites by managing the sludge and dry sediments as described above.

The following annotated outline addresses two anticipated potential scenarios for Phase I and

Phase II management activities.

I. Cr concentrations exceed the WQCC standard

If ground-water total Cr concentrations at either site exceed the WQCC standard, KAFB

will carry out the following post-closure activities according to 40 CFR 265.117.
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A. Ground-water monitoring. Quarterly ground-water monitoring at the noncomplying unit

and at least one background well will continue in compliance with 40 CFR 265,

Subpart F. The sampling and analytical procedures will be the same as those

conducted during Phase I.

B. Ground-water quafity assessment and remedial action plans. KAFB will prepare a

quality assessment plan to determine the concentrations, rate, and extent of migration

of Cr in the ground water. KAFB will also, in conjunction with NMED, prepare a

remedial action plan to reduce the concentration of total Cr in the ground-water aquifer

beneath the noncomplying unit(s).

C. Cover design plan. KAFB will prepare cover design plans for the noncomplying

unit(s). All plans will be subject to NMED approval. The cover design will meet the

requirements of 40 CFR, Parts 265.228, for surface impoundments, and 265.310, for

landfills. These two sections detail requirements that include, at a minimum,

provisions for (1) minimal migration of fluids through the closed unit, (2) minimal

maintenance requirements, (3) adequate surface drainage run-off and erosion control,

(4) settling and subsidence, to maintain cover integrity, and (5) cover permeability less

than or equal to the natural subsoils present at the unit.

IL No Cr concentrations exceed the WQCC standard

If total Cr concentrations in all ground-water samples collected at the sewage lagoons and

the golf course main pond do not exceed the WQCC standard, KAFB will close the two

sites by managing the sludge and dry sediments, according to guidelines based upon the

results of sludge sampling.
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Action Levels and Upper Tolerance Limits

The following sections that comprise Appendix A (4.1.2 and 4.1.3) are copied from the RFI

Stage 2A Final Technical Report (USGS, 1993b).

Please note that the soil action level listed in Table 4.1.3.1 for Chromium (total) should actually

refer to trivalent chromium, Cr(lll). The value listed (80,000 mg/kg) is based on the following

calculation (Federal Register, July 27, 1990, p. 30870):

Rfd. W
Oct _ --

I'A

Where Rfd = Reference dose (1.0 mg/kg/day)

W = Body weight (16 kg for children)

I = Intake assumption (0.2 g/day for children)

A = Absorption factor (assumed 1)
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Surrogate spike recoveries

Surrogates are organic compounds with similar chemical behavior as the analytes of interest,
but which are not normally found in environmental samples. Consequently, surrogate recoveries
were done only for methods SW8240 and SW8270. The surrogate recoveries monitored the
matrix effect of environmental samples on the accuracy of the analyses.

__ Samples with surrogate recoveries not within-control limits are listed in Appendix G.
Analytes not within-control limits included several semi-volatile organic compounds, and the

volatile organic compounds 4-bromofluorobenzene, 1,2-dichloroethane-d4, and toluene-d8.

4.1.2 Statistical analyses and results of background data

Analytical results of the RFI were statistically evaluated to determine Base-wide background
concentrations for naturally occurring soil metals and ground-water quality parameters.

Background concentrations were not determined for all of the soil metals and groundwater
metals because there were not enough detected background data to support meaningful
statistical calculations. The background concentrations were compared to results of soil and

ground-water samples collected from potentially contaminated areas (site results) for each
analyte. This comparison provided a valid method to determine if concentrations of site results
differed from naturally occurring background concentrations. No background concentrations
were determined for surface water because there were an insufficient number of samples taken

upstream in Tijeras Arroyo to calculate background, and there was no background sampling
location for Lake Christian.

The background determination was made by calculating an upper tolerance limit (UTL) for

background concentration for each analyte and matrix for which there were a sufficient number
of detected concentrations. Analyte concentrations from each site were then compared to the
UTL. The UTL test is considered an extreme value test because analyte results from a site are

compared to the background sample group (by analyte) rather than comparing the site as a
whole to the background levels. Any analyte concentration below UTL can be considered
background. The individual comparisons are then considered for each site as a group to
determine recommendations for that site. The results of the statistical comparisons are discussed
for each site in the subsection titled Analytical Results.

Statistical Methodology

A statistical tolerance interval results in a concentration range that contains a specified

proportion (p%) of a population (in this case background) with a specified confidence coefficient,
yo The proportion of the population, p, is referred to as the coverage. For Kirtland AFB, the
calculation of tolerance intervals was made using a coverage of c=95% and a confidence of

= 95% as recommended in Statistical Analysis of Groundwater Monitoring Data at RCRA
Facilities (EPA, 1989). The UTL for background thus defines a limit such that 95% of background

results should be less than upper limit 95% of the time. In calculating a normal UTL for
background, the assumption is that the background are approximately normally distributed.

This was generally true for the background data.
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_. The UTL for background was calculated using the following equation:

[_ _ (4-1)UTLT, c = X + SxKT, c

[_. where: (4-2)
b

' X
__ XiH

t G =

Xi = individual measurement results

n = the total number of measurements

K_, c = K-factor for confidence level (%') and coverage (c)

T = the confidence level

c = the coverage level

Summary of Soil Metals Results

Eighteen background soil samples were collected at locations upslope and updip from seven

k of the fourteen sites where soil samples were collected. Sixteen of the samples were collected at

depths of 3 to 5 feet and the other 2 samples were collected at 25 feet. Table 4.1.2.1 lists the
sample and location identification and the location description. Each of the 18 background soil

_, samples was analyzed for the 24 metals listed in table 4.1.2.2. The environmental soil samples

other than the background samples were collected from soil borings on or adjacent to the 14

: SWMUs sites where soils were potentially contaminated. Summaries of analytical results are
included in the sections titled Analytical Results for each site. Complete results for background

_i and potentially contaminated soil samples from sites are included in the ITIRs in Appendix G.
UTLs were calculated for those analytes detected in a sufficient number of the 18 background

samples for meaningful statics. Antimon)_ arsenic, mercury, molybdenum, selenium, and silver
were not detected in any of the 18 background samples; cadmium and thallium were detected in

only one of the 18 samples. No UTLs were calculated for these eight metals. RCRA guidance
(EPA, 1989) recommends calculating UTLs when an analyte is detected in 50 to 100% of the
samples. This was the case for the other 16 metals listed in table 4.1.2.2. For these 16 metals, the
not-detected results were assigned a value of one-half of the detection limit for each metal. Table

4.1.2.2 is a summary of the percent detected, mean, standard deviation, K-factor, and UTL,
where calculated.
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Summary of Ground Water Results

Eight background ground-water samples were collected from wells upgradient from four of
the six sites where ground-water samples were collected from wells drilled for Stage 2A. Table
4.1.2.3 lists the sample and location identification and the location description. Each of the 8
background water samples was analyzed for the 10 non-metallic analytes and the 26 metals
listed in table 4.1.2.4. The environmental ground-water samples other than the background
samples were collected from wells located on or adjacent to the six SWMUs sites where wells

" were drilled for Stage 2A, and from the 13 wells drilled and sampled during Stage 2. Summaries
of analytical results are included in the sections titled Analytical Results for each site. Complete
results for background and potentially contaminated water samples are included in the ITIRs in

Appendix G.

UTLs were calculated for those analytes and properties detected in a sufficient number of the

eight background samples for meaningful statistics. UTLs were calculated only for dissolved
metals, because total metals analyses include metals digested from suspended sediments in the
samples. Cyanide, nitrate, and sulfide were detected in two or less of the eight background
samples. No UTLs were calculated for these analytes. Aluminum, antimony, beryllium,
cadmium, cobalt, copper, iron, mercury, molybdenum, nickel, silver, tin, and thallium were not
detected in any of the eight background samples; lead and selenium were each detected in only
two of the eight samples. No UTLs were calculated for these 15 metals. UTLs were calculated
for the other 11 metals listed in table 4.1.2.4. For these metals, the not-detected results were

assigned a value of one-half of the detection limit for each metal. Table 4.1.2.4 is a summary of
the percent detected, mean, standard deviation, K-factor, and UTL, where calculated

4.1.3 RCRA risk-based action levels

Action levels for RCRA corrective actions are quantitative standards for a variety of
pollutants established for different media (air, water, soil). The proposed RCRA Subpart S in 40
CFR Part 264 contains methodology and criteria for calculating action levels for contaminants in
soil, water, and air. Action levels derived according to these criteria represent valid, reasonable
estimates of levels in media at or below which corrective action is unlikely to be necessary.
Action levels are not, however, cleanup standards. Cleanup standards will be established later
in the RCRA corrective action process; action levels will be used as a screen to determine if
corrective actions are unlikely to be necessary, or as starting criteria, together with consideration
of background concentrations, for setting cleanup standards.

Soil action levels are derived from reference doses (RfDs) or carcinogenic slope factors (SFs).

Existing action levels for metals in soil are listed in table 4.1.3.1. All of the action levels shown on
the table are derived from RfDs except the action level for beryllium, which is derived from a SF.
Exceedances of these action levels are described by site in the following sections.

Action levels for ground water are derived from RfDs or SFs, or are EPA Maximum _j
Contaminant Levels (MCLs) or the New Mexico Human Health Standards. In cases where

multiple action levels were available for a particular analyte, the most stringent value was used.
Action levels for non-metallic analytes, water properties, and metals in ground water are listed i
in table 4.1.3.Z _
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-_ Acetone 8000

Antimony 32

Arsenic 24

Barium 5600

Benzoic acid 320000
_ Q

Beryllium 0.2

Butanone 48000

Butyl benzyl phthalate 16000

- Cadmium 40

--= Chromium (total) 80000

-- Chromium Vl 400

Di-n-butyl-phthalate 1600

Manganese 400
c,1

Mercury 20

i Molybdenum 400
--=i

Methylene chloride 93

Nickel 1600

--_ Selenium 400
i

Silver 400

i Thallium 6.4
/

Toluene 16000
L_

t Xylenes 160000

._ Zinc 24000

Table 4.1.3.1.--Action levels for soil.
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Table 4.1.3.2.--Action levels from water-quality standards

[The basis for an action-level selection is the most stringent regulatory concentration and
denoted with a letter as follows: M, Federal Safe Drinking Water Act (SWDA) maximunl
contaminant level; R, RCRA non-carcinogenic oral reference dose (RfD) for water; S,
RCRA carcinogenic oral slope factor for water; G, New Mexico Water Quality Control
Commission (NMWQCC) ground-water standard. --, no action level; *, secondary
maximum contaminant level, non-enforceable; **, providing <4 mrem/yr by beta emitt

Federal RCRA action- RCRA action :,

ISDWA :: level (RfD level (slope-Analyte :ii:: il Units Maximum based; April factor based;
..... Contaminant 1993 IRIS April 1993

:Level listing) IRIS listing) i

Acetone Bg/l-, -- 3,500 R ....

nitrile gg/L -- 210 R ....

m-'_- 0.05* .... 5

Antimony mg/L 0.006 M 0.014 ....

Arsenic m--'-_ 0.050 0.011 R -- 0.1

Barium mg/L 2 2.5 -- 1.0

Benzene _t'---'_ 5.0 -- 1.2a S 10

Beryllium mg/L 0.004 0.175 --

Alpha-BHC (Alpha-hexa- lxg/L .... 0.00' --
chlorocylohexane)

Bromodichlommethane g'-"_ 100 700 0.565 "_ S --

(MEK) [tg/L -- 21,000 R ....

Cadmium m---_ 0.005 M 0.0175 -- 0.01

Calcium mg/L ........

Chloride m-"-'_ 250* .... 250

Chloroform g---'_ 100 350 _ S 100

Chloromethane _tg/L ........

Chromium m"'-_ 0.10 35 -- 0.05

(VI) mg/L -- 0.175 R ....

Chrysene g'-'-'_ 0.2"a'----'M ......

Cobalt m''_ ...... 0.05

Copper m'--"_ 1.3 .... 1.0

1,3-Dichlorobenzene _tg/L 600 M ......
i

1A-Dichlorobenzene I.tg/L 600 M ......

1,1-Dichloroethene p.---_ 7 315 0.583 c S 5

5 -- 0.385 s 10
1,2-Dichloropmpane _tg/L 5 M ....

Dichlorodi fluoromethane Ixg/L -- 7,000 R -- -"

Di-n-octyl phthalate ' gg/L ......
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Table 4.1.3.2.--Action levels from water-quality standards--Continued

-4

EDB (1,2-Dibromoethane) pg/L 0.05 -- 0.00041 ° S 0.10

bis-(2-Ethylhexyl) phthalate pg/L 6.0 700 2.5 b S --

Fluoride mg/L 4 2. i -- 1.6 G

-" Gross alpha radioactivity pCi/L 15a M ......

!Gross beta radioactivity pCi/L 50 **d M ......

_ Heptachlor epoxide pg/L 0.2 0.045 0.0038 ° S --

2-Hexanone pg/L ........

" Iron mg/L 0.3* .... 1.0 G

-- Lead mg/L 0.015 M .... 0.05

: Magnesium mg/L ........

Manganese mg/L 0.05* 0.175 R -- 0.2

Mercury mg/L 0.002 M .... 0.002

Methylene chloride pg/L 5 2,100 4.67 ° S 100

_ Molybdenum mg/L -- 0.175 R -- 1.0

Nickel mg/L 0.1 M 0.70 -- 0.2
.?.

Nitrate as N mg/L 10 M 56 -- 10

- Nitrate plus nitrite as N mg/L I0 M 56 ....

Nitrite as N mg/L 1.0 M 3.5 ....

_ Orthophosphate as P mg/L ........

Potassium mg/L ........

: Radium-228 pCi/L 20 a M .... 30
- Radium-226 pCi/L 20 d M ....

Selenium mg/L 0.05 M 0.175 -- 0.06

Silver mg/L 0.1" 0.175 -- 0.05 G

Sodium mg/L ........

: Sulfate mg/L 250* .... 600 G

_ Sulfide, total mg/L ........

Tetrachloroethene pg/L 5 M 350 -- 20
.2

Tin mg/L ........

- Toluene lag/L 1,000 7,000 -- 750 G

__ Total dissolved solids mg/L 500* .... 1,000 G

_ Total organic halogen as CI" _tg/L ........

Total organic carbon mg/L ........

: Total suspended solids mg/L ........

- Trichloroethene pg/L 5 M .... 100

._ Turbidity NTU ........

- 4.15
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Table 4.1.3.2.--Action levels from water-quality standards--ContinUed il

Uranium _tg/L 20a M 105 -- 5,000

Uranium, natural _tg/L 20a M 105 -- 5,000

Vanadium mg/L -- 0.315 R .... .:_

Zinc mg/L 5* 10.5 -- 10 "_:

• Class A carcinogen. ,q
b Class B carcinogen.
c Class C carcinogen.
d Proposed. ._
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Introduction

i

This report presents the analyticalresultsas well as supporting

informationto aid in the evaluationand interpretationof the data and is

arranged in the followingorder:"

o Sample DescriptionInformation

o Analytical Test Requests

o Analytical Results

o Quality Control Report

Due to turbidimetricinterferencesall sampleswere diluted and the

reporting limits have been raised accordinglyfor the Chromium (VI) test.

Sample Description Information

I The Sample DescriptionInformationlists all of the samplesreceived in
this project together with the internallaboratoryidentificationnumber

assigned for each sample. Each projectreceivedat Enseco - RMAL is assigned

a unique six digit number. Sampleswithin the projectare numbered

sequentially. The laboratoryidentificationnumber is a combinationof the

six digit project code and the samplesequencenumber.

Also given in the Sample DescriptionInformationis the Sample Type

(matrix), Date of Sampling (if known) and Date of Receiptat the laboratory.

Analytical Test Requests

The Analytical Test Requests lists the analysesthat were performedon

each sample. The Custom Test column indicateswhere tests have been modified

to conform to the specific requirementsof this project.
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SAMPLEDESCRIPTIONINFORMATION
for

i U.S. Geological Survey

Sampled Received
' Lab ID Client ID Matrix Date Time Date

016612-0001-SA KAFB060502-1 SOIL 23 AUG91 14:59 Z4 AUG91
016612-0002-SA KAFB060503-1 SOIL 23 AUGgl 14:59 24 AUG91
016612-0003-SA KAFB050504-1 SOIL 23 AUG91 14:00 24 AUGgl
016612-0004-SA KAFB060602-1 SOIL 23 AUG91 15:06 24 AUGgl
016612-0005-SA KAFB050603-1 ,SOIL 23 AUG91 13:58 24 AUG91
016612-0006-SA KAFBO50604-1 SOIL 23 AUG91 13:58 24 AUG91
016612-0007-SA KAFB060702-1 SOIL 23 AUG91 15:11 24 AUG91
016612-0008-SA KAFB050703-1 SOIL 23 AUG91 14:16 24 AUG91
016612-0009-SA KAFBO50803-1 SOIL Z3 AUG91 14:08 24 AUGgl
01661Z-OOlO-SA KAFB050903-1 SOIL 23 AUG91 14:03 24 AUG91

i 016612-0011-SA KAFB051005-1 SOIL 23 AUG91 14:22 24 AUG91016612-0012-SA KAFB051103-1 SOIL 23 AUG91 14:33 24 AUG91
016612-0013-SA KAFBO51203-1 SOIL 23 AUG91 14:25 24 AUG91
01661Z-OO14-SA KAFB051303-1 SOIL 23 AUGgl 14:30 24 AUG91

I 01661Z-OO15-SA KAFB051404-1 SOIL Z3 AUG91 14:38 Z4 AUG91
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L ANALYTICALTEST REQUESTS
for

U.S. GeologicalSurvey

Lab ID: Group Custom
; 016612 Code Analysis Description Test?

0001 - 0015 A PercentWater: ASTM D2216 N
ChromiumVI N
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Analytical Results

i
The analytical results for this project are presented in the following

data tables. Each data table includes sample identification information, and

i when available and appropriate,dates sampled,received,authorized,prepared

and analyzed. The authorizationdata is the date when the projectwas defined

, by the client such that laboratorywork could begin.

Data sheets containa listingof the parametersmeasured in each test, the

analytical results and the Enseco reportinglimit. Reportinglimits are

adjusted to reflect dilution of the sample,when appropriate. Solid and waste

samples are reported on an "as received"basis, i.e. no correctionis made for

i moisture content.

Enseco-RMAL is no longer routinelyblank-correctinganalyticaldata.

Uncorrected analyticalresultsare reported,along with associatedblank

I results, for all organic and metals analyses. Analyticalresultsand blank
results are reported for conventionalinorganicparametersas specified in the

method. This policy is describedin detail in the Enseco IncorporatedQuality

Assurance Program Plan for EnvironmentalChemicalMonitoring,Revision 3.3,

May, 1989.

The results from the StandardEnseco QA/QC Program,which generates data

which are independentof matrix effects, is providedsubsequently.
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB060502-1
Lab ID: 016612-0001-SA
Matrix: SOIL Sampled: 23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ].8 mg/kg 1.0 7196 NA 27 AUG 91
Water 6.7 % 0.1 D2216 NA 26 AUG 91

-

ND = Not detected
NA - Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB060503-1

L Lab ID: 016612-0002-SA
Matrix: SOIL Sampled: 23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed: See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mcj/kg 1.0 7196 NA 27 AUG 91
Water 8.3 % 0.1 D2216 NA 26 AUG 91

ND - Not detected
NA - Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB050504-1
Lab ID: 016612-0003-SAt

Matrix: SOIL Sampled:23 AUG gl Received:24 AUG gl
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 3.1 % 0.I D2216 NA 26 AUG 91

(

ND I Not detected
NA - Not applicable

Reported By: Kathy Inman Approved By: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB060602-1

, Lab ID: 01661Z-OOO4-SA
Matrix: SOIL Sampled:23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mcj/kg 1.0 7196 NA 27 AUG gl
Water 30.1 % 0.1 D2216 NA 26 AUG gl

ND - Not detected
NA - Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. Geological Survey
Client ID: KAFBOS0603-1
Lab ID: 016612-0005-SA
Matrix: SOIL Sampled: 23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed: See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mcj/kg 1.0 7196 NA 27 AUG 91
Water 4.0 % 0.1 DZZ16 NA 26 AUG 91

ND = Not detected
NA = Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFBO50604-1

, Lab ID: 016612-0006-SA
Matrix: SOIL Sampled: 23 AUG91 Received: 24 AUG91
Authorized: 24 AUGgl Prepared: See Below Analyzed: See Below

, Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG g]
Water 4.0 % 0.1 D2216 NA 26 AUG 91

ND = Not detected
NA = Not applicable

Reported By: Kathy Inman Approved By: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB060702-1

i Lab ID: 016612-0007-SA
Matrix: SOIL Sampled:23 AUG gl Received:24 AUG gl
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 40.4 % 0.I D2216 NA 26 AUG 91

ND - Not detected
NA I Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFBO50703-1

L Lab ID: 016612-0008-SA
Matrix: SOIL Sampled:23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (Vl) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 6.3 % 0.1 D2216 NA 26 AUG gl

ND - Not detected
NA s Not applicable

Reported By: Kathy Inman Approved By: Brett Allison



,e

Enseco
General Inorgani cs ACom,nBCompany

Client Name: U.S. GeologicalSurvey
Client ID: KAFBOSO803-1

, Lab ID: 016612-0009-SA
Matrix: SOIL Sampled:23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG gl Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mcj/kg 1.0 7196 NA 27 AUG 91
Water 4.4 % 0.1 D2216 NA 26 AUG 91

ND = Not detected
NA = Not applicable

Reported By: Kathy Inman Approved By: Brett Allison
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Client Name: U.S. Geological Survey
Client ID: KAFBOS0903-1
Lab ID: 016612-0010-SA
Matrix: SOIL Sampled: 23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

, Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 8.4 % 0.1 D2216 NA 26 AUG 91

ND = Not detected
NA - Not applicable

Reported By: Kathy Inman Approved By: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB051005-1

I Lab ID: 016612-0011-SA
Matrix: SOIL Sampled: Z3 AUG 91 Received:Z4 AUG 91
Authorized: Z4 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 1.7 % 0.1 D2216 NA Z6 AUG 91

ND = Not detected
NA = Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. Geological Survey
Client ID: KAFB051103-1
Lab ID: 016612-0012-SA
Matrix: SOIL Sampled:23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 4.9 % 0.1 .D2216 NA 26 AUG 91

ND = Not detected
NA - Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB051203-1
Lab ID: 016612-0013-SA
Matrix: SOIL Sampled:23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG gl Prepared:See Below Analyzed: See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG gl
Water 4.g % 0.I D2216 NA 26 AUG gl

ND - Not detected
NA - Not applicable

Reported By: Kathy Inman Approved By: Brett Allison
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Client Name: U.S. GeologicalSurvey
Client ID: KAFB051303-1

, Lab ID: 016612-0014-SA
Matrix: SOIL Sampled: 23 AUG 91 Received:24 AUG 91
Authorized: 24 AUG 91 Prepared:See Below Analyzed:See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (Vl) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 2.9 % 0.1 D2216 NA 26 AUG 91

.

ND = Not detected
NA = Not applicable

Reported By: Kathy Inman Approved By: Brett Allison
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Client Name: U.S. Geological Survey
Client ID: KAFBOS1404-1
Lab ID: 01661Z-OO15-SA
Matrix: SOIL Sampled: 23 AUG91 Received: 24 AUG9I
Authorized: 24 AUG91 Prepared: See Below Analyzed: See Below

Reporting Analytical Prepared Analyzed
Parameter Result Units Limit Method Date Date

Chromium (VI) ND mg/kg 1.0 7196 NA 27 AUG 91
Water 2.1 % 0.I D2216 NA 26 AUG gl

°

ND - Not detected
NA = Not applicable

Reported By: Kathy Inman ApprovedBy: Brett Allison
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Quality Control Results

The Enseco laboratories operate under a vigorous QA/QCprogram designed to

ensure the generation of scientificallyvalid, legallydefensible data by

monitoring every aspect of laboratoryoperations. Routine QA/QC procedures

include the use of approved methodologies,independentverificationof

analytical standards, use of duplicateLaboratoryControl Samples to assess

the precision and accuracy of the methodologyon a routinebasis, and a

rigorous system of data review.

In addition, the Enseco laboratoriesmaintaina comprehensiveset of

certificationsfrom both state and federalgovernmentalagencies which require

frequent analyses of blind audit samples. Enseco- Rocky Mountain Analytical

Laboratory is certified by the EPA under the EPA/CLPprogram for both Organic

and Inorganic analyses,under the USATHAMA (U.S.Army) program, by the Army

Corps of Engineers,and the states of Colorado,New Jersey, New York, Utah,

and Florida, among others.

The standard laboratoryQC packageis designedto:

i
i) establish a strong,cost-effectiveQC program that ensuresthe

generationof scientificallyvalid, legallydefensibledata

2) assess the laboratory'sperformanceof the analyticalmethod

using control limits generatedwith a well-definedmatrix

3) establishclear-cutguidelinesfor acceptabilityof analytical

data so that QC decisionscan be made immediatelyat the bench,

and

4) provide a standard set of reportableswhich assuresthe client

of the quality of his data.
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The Enseco QC program is based upon monitoringthe precisionand accuracy

of an analytical method by analyzinga set of DuplicateControl Samples (DCS)

at frequent,well-definedintervals. Each DCS is a well-characterizedmatrix

which is spiked with target compoundsat 5-100 times the reportinglimit,

depending upon the methodologybeing monitored. The purpose of the DCS is not

to duplicate the sample matrix, but ratherto providean interference-free,

homogeneousmatrix from which to gather data to establishcontrol limits.

These limits are used to determinewhetherdata generatedby the laboratoryon

any given day is in control.

Control limits for accuracy (percentrecovery)are based on the average,

historical percent recovery+/- 3 standarddeviationunits. Control limits

for precision (relativepercentdifference)range from 0 (identicalduplicate

DCS results) to the average,historicalrelativepercentdifference+ 3

standard deviation units. These control limitsare fairly narrow based on the

consistencyof the matrix being monitoredand are updatedon a quarterly

basis.F,
For each batch of samplesanalyzed,an additionalcontrolmeasure is taken

in the form of a Single ControlSample (SCS). The SCS consists of a control

matrix that is spiked with either representativetarget compoundsor surrogate

compounds appropriateto the method being used. An SCS is prepared for each

sample lot for which the DCS pair are not analyzed.

Accuracy for DCS and SCS is measured by PercentRecovery.

Measured Concentration
Recovery = X 100

Actual Concentration

Precision for DCS is measured by RelativePercentDifference(RPD).

I Measured ConcentrationDCSI - MeasuredConcentrationDCS2 1
RPD = X 100

(MeasuredConcentrationDCS1 + MeasuredConcentrationDCS2)/2
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All samples analyzed concurrentlyby the same test are assignedthe same

QC lot number. Projectswhich containnumeroussamples,analyzed over several
I

days, may have multiple QC lot numbersassociatedwith each test. The QC

informationwhich follows includesa listingof the QC lot numbersassociated

with each of the samples reported,DCS and SCS (whereapplicable)recoveries

from the QC lots associatedwith the samples,and control limits for these

lots. The QC data is reportedby test code, in the order that the tests are

reported in the analytical resultssectionof this report.
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QC LOT ASSIGNMENT REPORT
_et Chemistry Analysis and Preparation

i Laboratory QC Lot Number QC Run Number
Sample Number QC Matrix QC Category (DCS) (SCS/BLANK)

016612-0001-SA SOIL CR6-S 26 AUG 91-A 26 AUG gI-A
016612-0002-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0003-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0004-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0005-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0006-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0007-SA SOIL CR6-S 26 AUG gI-A 26 AUG 91-A
016612-0008-SA SOIL CR6-S 26 AUG gI-A 26 AUG 91-A
016612-o00g-SA SOIL CR6-S 26 AUG 91-A 26 AUG gI-A
016612-0010-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0011-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0012-SA -SOIL CR6-S 26 AUGgl-A 26 AUGgl-A
016612-0013-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A
016612-0014-SA SOIL CR6-S 26 AUG 91-A 26 AUG 91-A

016612-0015-SA SOIL CR6-S 26 AUG91-A 26 AUG91-A
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DUPLICATE CONTROL SAMPLEREPORT
'etChemistry Analysis and Preparation

Concentration Accuracy Precisior
Analyte Spiked Measured Average(%) (RPD)

DCS1 DCS2 AVG DCS Limits DCS Limi_

Category: CR6oS
Matrix: SOIL
QC Lot: 26 AUG 91-A
ConcentrationUnits: _/kg

Chromium (gl) 0.500 0.550 0.590 0.570 114 75-125 7.0 2(

Calculations are performedbefore roundingto avoid round-offerrors in calculatedresults.

F (
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METHODBLANKREPORT
get Chemistry Analysis and Preparation

4

Reporting
, Analyte Result Units Limit

Test: CR6-SPEC-S
Matrix: SOIL
QC Lot: 26 AUG gI-A QC Run: 26 AUG gl-A

Chromium (VI) ND mg/kg 0.10
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_._i,_h_u,_a_r; _.,..s,:-O'i_nalure : ._C=:vc_ Dy: { SiCnature., DaZe Tim=

, , '_
R¢imClU_Sn¢_ 0y: { 3i_nazure _ KC,c:_v_ _¢ _ao t_v: _3zRnamre_ Date Tim=

Rc]inc;u_.snc_ from _ oy: I Signature_ K_:=:vca by: ¢_ignazur_: Date TJm_

Commenls (Only 50 characmr_ storea in NWIS)

| .......

Record 6 _ ....

t ; ......

I I I I

, ocat number of sample bottles for mis request: _. SHIP TO:
Knsa:o-Rod_.Mo.numA.aL_
4955YarrowSm_
_ CO 8000Z
(303_ 421-6611



I i I I I I i i

exl:tain in record 5) Sw . SurfaceWater LK- Lake
GW- GrounclWater ES - Estuary

Hazardous material ME • Meteorological ._.- Spring
Field IO S(_- Special Source

: Station Name / Fiela Othce Promct Co_lec:gr PhOne tFTS)

II i

Fiie Deposition* Sample identification
= (Circle one)

Q" WA_ORE I IX-LabFile . ,_I"_,. F"._.O_50_Q _- I , .@_ 3:53 60 O /
For L,a_mrorV Um Only Station |O or Umaue Numoer" Prole¢:tAccount aw

Year" Monm" 0av" Time" Month Oav T,me Stale _$tr,ct/ County

Beq=nDate Comoo=ne Ena Date Cocle* User Coae* Coae
H I I I I I

Analysis level codes and scneaules

Hor9
¢=amOI £ _eOlOl_l_ ic ,=,nil ¥sl$ ,._ttil¥ $1 $ _vrOOlOGI t" _mole -voroloQic

Meo,um" ° Unit Status"" Source°" Con¢=trton"" Tvl=e "" =.,;enr""

F _

Chain-of.Custody Record/

PROJECT NAME _':x'_ l_v,_ A F B//.Z'/_P PROJI:'CT NO. tn_.3_'3_ _O L. P.O. NO.
/

i

gclmqu_sn=a/oy..- ( 3ignazurj,,_ Re...e_vea by: ( Signature _ Date Time

+o
i_.=liddu_snea _y: ( Signature s Rece_vea oy:( _ignature, Date Time

R=liacluisae= _y: (Signature/ R=a_,vc_t lab 'by: t Signature I Date Time

R¢linqu_snea from iat= _y: _Signatur_) Re=e_vcciby: (Signature/ Date Time

ii i ,

Comments (Only 50 characters stored in NWIS)

Record 5 ,E} ,_/'de _ ,Z. :6/,d'3, g ,E'. ......., ........

I ' ' ' ' I ' -', ' ' ' ' ' _ ' ' ' " ' " ' ; 1 -', ' ...... '

Record6 , _ ....... : ; .... _ : : .... ; ; ....

._- I i

_tnumber of sample bottlesfor this request: _- SHIP TO:
_Rod_. Mountain Anai.vticai
4955 Yarrow Sm_
Arvada. CO 80002

(303) 421..6611



i r' i i i iiii ii i •

_-peciai Handlino-_ (Circle asappropriate anti Site Type (circle one)

_ explain in record 5) /_--"_-- 1 0 _ -SurfaceWater LK- Lakei GW - Groune Water E$ - EstuaryHazardous malarial
ME - Meteorotocj=cal ._- Spring

Fntl= mD (_. Soectai Source

" / $_lzzon Name'; ' " I:iel= O/fu:l Prolec: ' C._]lector ""-Phone IFTS)

, i

File Deposition ° Sample identification
(Circle one)

xQ'WATSTORE [-LabFile ,_ A F _.0,50 _ 0_" _ ,_L (3.__ _.6 0.0 /
For _lt_f Us= Only Station IO or UmGue Numoer" ProllCt Account

z

Year ° Month" 04v" Time" Montn Oav Time State 3,strict( County

B_,n Date Conmosite End Oate C.Qae* U_r Cocle" C_oe
i is i i is i

Analysis level codes and scneautes

Hor9
_lrno_e _eOloqjc ,_r,.4_ v |_s Ana_vsas _vrooJO.o_¢ _4mDJe "voroJoo=c

Meomm "* Un=z Status* * _nee'* Conclzt=On"* Tvoe ** -vent * *

t

[ Recorcl
, i

/

R.elinouzsiae_i by: _/_(gnatur¢_/7" R.cCCZV¢_Iby: (Signature _ Date Time
i

l_.elJn-iuil_q¢_._': _._gnazure) Rcee:ve= by:/Signature: Daze Time

R=linClUZSneC:by:(Signature/ _'_c_=,zvp_at lab by:tSignature/ Date Tim=

Rclinquashe_l from Jab eye (Signature) Reeezvc=t by: (3zgnature_ Date Time

i •

Comments (Only 50 characters storea in NWIS)

Record5,'D_,_: _'/-;U/b,_,_ ; : ; : , ..........

Record 6 , .............................

! _ " ' ' " ' ' ,' l ,,; ; ......... I r

i i i

. _,al number of sample bottles for _i$ request:. _- SHIP TO:
Enseco-RockyMoumain
4955 Yarrow _trem
Arwlda. CO 80002
(303) 421-6611

ss-03_ An'L'N'nON:L,_=_ _"_¢_" _so_'_'_:_- :CS



I1' i i i im

', GW- GrounclWater ES - Estuary
Hazardous mamrial ME - Meteorological ._. SDring

F_,OID S(_. S_ecial Source

" S_lK¢on Name" F_el¢l Ofhce Prolect C_lJector Phone tFr_|

i i i i i

File Deaosition" Sampleidentification
(Circleone)

Q- WATSTOR E
X-Lab File ,_I"/C F.._O..,_. I'00_- / .... _(3 _.3.6.0 0 /

For t,JMl_lttlrV UIII Only Stallon tO or Unlaue Numoer" Prolec_ Account a_

• . t

Y ear ° Monm" Day" Time ° Montn Day ;',me State 0=strtct; C,=untv

Begin Date Comoos|m End Date CoDe" U,,,r Coae * Cc, oe

i i ii

Anaiysis levei codes and scneaules

Hot9
_lmg=e Geoloat¢ Analvtos ,,_,,naJvsit _vfoolO==¢ _lmOte _vorOtO¢i=¢

Mechum "° U not Status" ° Source"" Cona=uan"" Tvge "" =_vent""

l

r (

Chain-ot-CustodyRecord
/

AF'T//.Z'RP PeOJCT.O.¢3.53 ,00[ P.O.O.
i i

R=_nciuisn={: W..: (Signazur.Cd/ Rec::vect by: (Stgnature_ Date Time

Rc]ila(;U_Stl¢_ @y: (Signature/ R=ce_vca by: (Signatur_; Date Time

Rnlin(luasn=a by: t Si_nature/ R=ce=Y_ at lab by: t Signature) Date Time

Rclinquzsia== from iao by: [3ignature) R.=ee_ved by: (Stgnatztre) Date Time

Comments(Only50 charactersstore=in NWIS)

Record 5 ,.Z) :P-./'C_: _./-:,_,_, G,_" ........... , ,

t _ _ ......... ; , : I ' ' ; ', ' : ', ,' I I ..... ' ; I

Record6 t ; ....... : , I _ , ' ; ; ....... ; ; ; " =

t ' ; ; ; ; ; .... ; ' ' ; ; ' ' ' ', _ _ ; " ' ' "

i= i

_!1 number of sarnale bottles for this request: _. SHIP TO:
: F.a_Rocky Mounuin Anaivdcai

4955Yarrow Street
Arvada.CO80002
(303) 421-6611



II I I

.. _ec*aiHana,._ (Cir=teasap_ro_rmearia ,_ Sit.TypeI_r=teone)
" expiain in record 5) /_,/'_'/ -1_7_ SW- $urfac_Water LK- Lake

Hazardous mamrml GW- GtounclWater E$ - Estuaw
ME - MemorologJcal _. SDring

Fiel¢l ID

:1"_ _,._AV'_,s.-,,o._.m._ ¢_,l.O,f,. Pro,., Col,.¢,°, P.o..,STS_
i

FiM DepoQuon ° Sample identification
(C_rcteone)

Q" WATSTQREI !X Lab File , ,_.,_,.F._:O._ I ( 0,_" } .... _ _ 3.5.3.6 0.0./.
Foe" t.allol'lltl_ U_ Only Station ID or UniQue Numoer" Prolecl: Account I

,'_',__, _ _ ,I 43,_, _ ___ , , _ , ,
Year" Monm ° Day" Time ° Month {_av T,me Slate _;tr_cz/ County

8eqm Date Composite End Dale CoDe ° Umr CQae" CODe

i i i i i .

Analysis level cocies and scneou|es

Hot9
Samara ,;eolom¢ ,_n411Vlll ,_nilv$1$ "*vr_OlO_j_" _arrlQle _'vQro_on_c

Meotum"" U mt Status"" Source"" Cohort,on"" Type • ° _.;ent""

(

Chain-of-Custody Record/

PROJ£CTNAMI_F(I,c'_'!_IV,_AFI3f-Z'RP Proav_c'r._o.N,3_O0[ P.o._o.
/

Rcditl_u_s_.ea_t_y_¢Signatu_/ Recelvea by: ¢3ignature/ Date 'Time

RZ_li'_Qb_sn¢_a"by: ( Signature _ Rec.-:vect by: t Signaz,re; Date Time

¢1

RelinQuasia¢ci by: (3ignature_ Rcle_,ve_l _at lab by: t Signature) Date Time

R¢linquiln¢_l from lao by: ¢Signature; Recelvecl by: t Stgnazure_ Date Time

i i i

Comments (Only 50 characters storea in NWlS)

Record 5 i_ 1_.._; _ /__.(.j ,_, _,_" ...........

I ' ,' ........ ' ' ...... : ;, -' I ....

Record6 _ 1 ....... : , ' ; • ;. : : . : ; ' • '

| II II I

.,11number of samplebomes for this request: _ SB]I ) TO:
_goc_. Moemtain Analytical
4955 Yzrrow Street
Annlda. CO 80002
(303) 421-6611



i I i ii ii i i --

; _-- exl_tainin record 5) l $w . SurfaceWater LK - Lake
' Hazardous material " GW - GrounO Water ES - Estuary

ME - Meteorological

_,,a Io S(,._)-SoeciaiSource

/ Station Name `/ Field Offzce Prolect COllector Phone tFTS)

t , i _ t

File Deposition* Sample identification
(Circle one)

Q" WATSTOREI iX Lab File , ,_" ,&, F'._.O.5.1. _._C)_" ( ..... _ G._._.3.6:0:0 /
For I,jzxwatll_ U_ Only Station IO or Umoue Numoef" !:rolec! Account

.I , , ,_.,_ , ,
Year" Month" Day" Time" MonTh Oar _',me ._lale _,ltr,ct/ County

B_n Date Comoos,te En,_ Date Cocle" User Code" CoDe
i t ii i i m

Anaiysis level codes and scneautes

Hor9
_wlmOI • _l_Ol_ll_ _nalvs;s Analysis _vrooIog;c _amme mvorolooic

Meotum * * Un,t Status" * Source*" Cono_tson* * Type * * -vent" °

(

Chain-of-Custody Record/

 353 @0f P.o.o.
/

KelinclU_neci/by: (3ign_j_.e/ Racezvac_by: (3ignazures Data Time

]_aiiz_uijnvc_ "_y: (_inazure; Race:yea by:(._ignazure. Da_e Time

Reliaquisiaea by: (Signature/ Rc_eav_t_ at lab by: t Signature/ Date Time

Reiin_lu_shca from iao oy: (Signature; Race:yea by: (Szgnature_ Date Time

i1,

Comments (Only 50 characters stored in NWIS)

Record5 r_IE.,_, ._./,.U,/3,_,_.. , .......... ; : : , .

I l _ ' ' ' ' ....... ' ..... -' ;, t I ......

Record6 , : : ............ • .........

I I t l I ......... '-, ' ; ....... 1 ' ' ' ; ' ; ;

JL i

,__al number of sample bottles for Ibis request: _- SHIP TO:
Enseco-Rocky Mountain Anai.vtic=d
4955 Yarrow Street
Arvada. CO 80002
(303) 421-6611

ss-o._ ArrtrmoN:L.,',,_Is-,__-c.¢,c f_o'_"l"_._-tO2:



i I |1 I

"_,ec;-=H=,d,,_ (Ci=*e_.==p_op.._e.,,_ 1/-{ Si=Ty..I,_,=.o.et_-_ " exl3tainin record 5} / _ $W . SurfaceWater LK- Lake
GW- GrounaWater E5 - Estuary

Hazardous material ME - Meteorological ._. Sl:}ring

FieJaJO S(,__J-S_ec=aJSource

/ 5¢atmn N_e / Fieta Office Prolec! Collector Phone IFTS}

i =

File Deposition* Sample identification
(Circle one) I

Q - WATSTORE I
X.LabFile • ,_ A..F'.._,.O._ _ "_J C)'__" I ,_3.53._ 0.0 /

For _stm, y Um Ontv Siatton I0 Or untaue Numoer" PrOleCt Account •

,,.,.,,.,, _ _ ,{ur30 _ _.__ ,.. , _._. , ,
Y ear" Month * (_,tv * T,me * Month r_av Time Slate _,str=ctl C_untv

BecJm Oate Comoo_m End Oate Cocte" Uepr Cooe" C_Qe

I

Anaiysis level codes and scneauies

Hot9
_t11Ole _,tQIOQIC _,_rlil¥ $1| _I_/1411¥ $_$ _vrooIO_l¢ ._ltl_OJe --VOtOIOQIC

Meazum" ° Unit 5titus"" SOurce'" Cona,t_on "" TvlOe" ° :.vent" °

Chain-of-Custody Record/

PSOJF._A_<_,,_/_F_/I_P P_OJ_CT._O_353_O/ _.O._O
/

i i i i i

l_.-=lin_u_s._=_ by: (3i'gn=._re) R=c:_v¢_ by: _3ignu._r_; Dat= Tim=

R=linquisn¢,,by: (3ig.azure) R=oc_vcd'_t lab by: _3igna_ure) Dat= Tim=

Rclinc_u_sn=_ I'tom tai_ by: /3ign,_.re) iR.=cc_v¢c_by: 15_gnazz_re) Date Tim_

Comments (Only 50 characters stoma in NWIS)

Record5,Z) R-/< _/ uD_E" .............

[ ...... ' ....... -' i -" ...... t

Record6 _ : ...... : : .... = : : ...... ;

I •

. _.11number of sample bottles for mis request:. _- SH]P TO: •.
_Roc_. Mo_mm _maJ._c_
4955 Yarrow SVret,_
Arvada. CO 800O2
(303) 421-6611



i I tl

/_ecial Handting_ (Circle as aDDroloriate ancl Site Type (circle one)

exDlain in record 5) /__"- L_ SW" SurfaceWater LK- LakeHazardous mir_rJaJ GW- GrounclWater E$ - Estuary
ME • Meteorological

F,e,cl ID S(_)" .S0eciatSourc_

" 5tailon Name/' Fiem O|fz¢e Prolect ' _lllctOr -Phone IFT_}

ii i I •

File Deposition* Sample identification
(Circle one)

Q" WATSTORE I !X-LabFile ,_'A.F._.O.5:l t._..(_%-. I : . • ,_d.3 53.6 0.0 I__
For I,,ll=orat'ory U'm Only Sutton tO or Un)oue Number* Prolect ACCount ar

Year * Mona" Oav * Time* Montn Day ;',me State _,strlctt County

Beqm Date C_moos)te End Date C_oe* User Co¢le* CoDe

. i i i i i ,

Analysis levei codes and scneoules

Hor9
_,lmo)e _eOIN=¢ Ana)vs,s Ana,vs, s ".vrooma¢ Samote "_vQrO=OQ=¢

Meo,um * * Un=t Status ° ° qOurCe" ° COnOIt=on "* Tyge "" _:vent ° °

I
r

/ Chain-of-Custody Record

OJCTYO  353 ¢0/. .O.NO
/

RcliZlcll,!isJ_eci'lly: t Signatg_d'l Rece=vea by: tStgnature_ Date Tim= '

t_izn_u_S_"_ by: t Signature! Recezven by: t Signature: Date Time"

i

Raliaquisn¢et by: tStgnature! Rac;:v_a_at la0 by: tSignature_ Date Time

Relinqu:snccJ from tai_ 0y: (Signature) R'_c:zv¢_i by: (Signatures Date Time

I III I

Comments (Only 50 characters stored in NWiS)

Record 5 ,,D ?_. ._ S ,'...(.1 ,j"), _ ,E" ........................

t ................... : ' ' ' ; ; ' l

Record6 , : ....... ; , : ........... =

I ............ ' " ; ..... _ ' i

I I

_al number of sample bot'Ltesfor this request:. _- SHIP TO:
Emeco.RockyMo--u= A_i_c:d
4955 Yarrow Street

CO800O2
(303t 421..6611



II

Site Type (driVe one)
_ exl3tain in record5) - LK Lake

[ Hazardousmatmiai GW. GrounaWater ES • Estuary
ME • Meteorotocjzcal ,;_. SgringlveiCl I0

$tatmn _*ame "/ Fieicl Off=ell Pro=let ' Colleczer -Phone I FTS]

I I I

File De_osltion" Sample identification
(Circle one)

Q" WAI"_ORE I i
IdlDacllltlllqrV Ui Only Station IO or Un,oue Num_" Project Account ==

Y ear" Mon_n" _av" T, me° Monzn Oar T.me ¢:tlltl' _,szrvc z/ C.lun zv

E]ecnn Oate C,_moosltl End Oltl C_oI" U_r Cooe" C_oe

i I ii ii i i

Analyseslevel coOPsanO scneaulps

Hot9
¢_-ImOt e ,_,eOlOQ _" ,_nilvs*s AIlilVSlS --vrOOIOOl¢ _imole -vOro*oG_c

%leotum ° * _Jmt S:iltuS" ° SOurce"" 2.:neutron •" TvOe "" ='-.'enr •"

• Chain-of-Custody Record

ReLUa=_a*ne= _v: t 3i_na:urez._ Re:e:v¢= b_: t 3z_nature_ Date Time

Rei_na_s'ae_ _y: i Signature _ R=:ezv¢_: _y: ,_Signature., Date Time

Re_znau/sne_ _y: t$_gnature/ .,_eee_ve= at la0 _y: t Signature_ Date Time

Relincluasia== from ;ao _y: I Signazurt_ Keee:ve=l by: (5ignazure: Date Time

I i i

Comments (Only 50 characzem store= in NWIS)

Recom 5 ,]:2).,_.. 'x'. p o.hj_.._ ,,E',b I '_-_":,U,T.

| ' , . , ..... , , , , , , , .

Record 6 , ,,, ................

I ' ; ....... ....

I I

..a=tnumber of sammebottles for rail request:., _ SHIP TO:

4955YarrowStreet
Arvada.CO80002
(3031421-6_ill



iii I i

_ec=ai Handlin 9 (Circle as aDl=roDriate ana /_ 6 "_ Si= Type (circle one)exglainin recora5) (.1"-- C.___ Sw • Surfacewater CR- Lake
GW- Grouna Water ES - EstuaryI Hazamou= mill_lia|

, . ME - Meteorotocj=ca| __- Spring
F_ia In _S(,_).SpecialSource

I SUlIIOn Name/. " ' FielO Olhce Prolscl C_lJeclor Pffone t FTSJ

I i ii

File Oel=o=ition ° Sample identification
: (Circ|e one)

G.WA_"mRSt I ..,if'A _ o:_ o__o_- I q-g 3 5 3 6 o o /X- Lab File ,, •
FOe _etlN'v UB Only Staqtlon IO Or UntQue Numoef" Protect ACt:Ount •

I

,,,._._, _ _ ,lu_b_ _._.. _ ,
Y !IT ° Month ° Qav" T,ml • .'donl n Oav ";'.me Stall ._,ltr_Cll C_,3unIV

8emn _aze Comoosaze Er_cl Oale C_=e* Uwt Coae" Coae

i •

Anatysis lever coops ano scneauips

Hor9
EIIilTI 01 e ._ItO I(_1¢ _,I'Iil Viii li _l OIlilY $1 ! -- V r'Ol_ll Oldie _alrl_O le --VOI'OIOQI¢

_,INlum"" _Jnlt ._:alui"" Source * ° : "-nomon *" Tvoe °" 5vent""

i

" /

Chain-o|-Custocty Recora

f PROJZCTNAMZ_._,_ AF13/2",£# PROJZCT._O.,a-g353_;O0,/ P.o.No.
o:

i

Kclin_ulsne_:/bK:t Sittnaturvf Kcce_v¢_l by: ( S_gnature _ Date Time

_lhc:l_u_S._e_ _y: t Signazure _ R.':e:v¢_ t_y:, Sizna:urr., Date Time

l =i

_=_=====_:,si_,,=,=,,, ___,,_at_aO_,.-,s,,,o,,,,,, _a,= rime
u_ F_ [_'_/_C , o_'-_ -q_ o_o_

b=¢li_quzsnca from _ao oy: I Iignatute_ Kece:ve(a by: (S_gnature_ Date Time

II I I I I

Comment= (Only 50 characters store= in NWIS)

Re_m 5 ,D;R: h-', P 0 '_ '_ ' l5 _' O' [ /_A_'_'g/'T' ' ; ; i ; ......

| .... , . , , , , ,

Record 6 , ................

I , ............. ' ' " " ' ' "

I •

• ._l humor of satanic bottles for this request:. _. SHIP TO:
_m_-_. Mm _._
4955YarrowStreet
Arvada.CO8O002
(303) 421-6611



i

_'-pecia'iHandling_ (Circle asapproloriazeanti Site Type (circieone)

Hazardousmalehai GW - Grounc_ Water E$ - Estua_
ME - Meteorological ,_- Sating

F,e_dIO _f,,._J-Special Source

• / Slat,on Natal/' ' FieldOfhce Prole=t CQlllctor PhonetFTS]
i ii •

File Deposition* Sample identification
(Circte one)

Q" WATS"TOREI IX-LabFile ,_ A F,_;O_50,_ C) _-,! ..... _ _ 3:5 _,6 0 0 / :
For I.,aM_l(_ U_ Only SUIDon ID or UnJoue NumOef* PrOleCZ AccOunt' am

Year" Monm* I_av" T;ma° Montn Oav T_me State O,str,ct/ C_untv

Oeq;nO.1le Cornoos,ta End Oazt Code° UserCoQI* Coae
I a I i i

Analysis level codes and scnedutes

Hor9
_/TtD|I _I_O|C_I¢ m_/_llVll$ _fillVSlS "virocIlOSll¢ _1_Dle _q_'OrOIOGIC

Meomm** Un,t Status* * Source*" C.=namon** Tyl_e** =..vtlnr •"

I

I

Chain-of-Custody Record/

PROJECTNAM_-Jr_._ AF'_ _.Z'/_P PROJECTNO. dr_35"_O( P.O. NO.
/

Re/izzquzshed .by: _Sigmzzur¢_" Recezvcd by: (Signature_ D'ate Ti_c

R_l'n_kash¢_i 5y- [$i_zkture/ Ree=zve= by: t Signature; Date Time

R_linquzsncc_ by: t Izgnatures K_e._v¢i_ac lab _y: t3ignamre] Dare Time

k=linquzstaccl from iao Oy: [Signature) Received by: {Signature/ Date Time

i ii i ii i I

Comments (Only 50 characters stored in NWIS)

Record5 ,_,_:_: _r./-./.J,J'3,_.£'. : ,. , : = ,. : : .... : .........

I ; -' l " " ; • ; , ; ........... , [ r : • " ; ' ; I

i ii i _ I

. .,ta! number of sample borttes for mis request: _- HIP TO: E=zo=.od. Mo==
4955 Yarrow Street
Arv=da. CO 8O11O2
(303) 421-6611



ii ii i i

_- exl:iain in recor0 5) - O _N • SudaceWater LK • Lake
I Hazardous mallma| GW. GroundWater E$ - Estuary

ME - Meteoroiogtcat .._- SI0ring
F_taIO S(,_- Si3ematSource

Slatl_rl Name / • Fitl(_ Offn:e Prme¢_ ' Ca_letor -- P_onl tF'rSJ

I ii iI I III I

File Degosition° Sam;lie idenbfication
i (Circle one)

iQ. WAT_rORE
I ._'A_-._(_,_OG_ _-- I ._-_353.6oc /X- Lab File

For I.,Ml_lllr# UI Only _,_I)O_ IO Or UrIIQMI _lumoet" ,:toilet ACCOUnt m

Y ear" ,_lonlrl * '_Iv ° ";',me* ._.lorlt n O_IV .'.the Stale ._.$ltK:YI COurtly

_le_ltn Oalt8 _mgJo_t ,_ _:n¢l Oatt Cool" User Co=e ° Co=e

AnalysisJevelcoaes and scneou|es

Hot9
•_mome ._eomoa_¢ -" nstvs#s ,_n_liVS_l -vrOOlQO_C _rnote -vorotoclt¢

Pdleomum"• _ m¢ S:atl_s" ° Source ° • _._,nattlQn" • Tvoe ° e _:'ent" °

Chain-of-CustodyRecom

_eo_zcr__',<._,_,_ _,_ /!,_ _o_cr._o. ,'_3_3_,00! _.O.NO.

KcLU;elu,_sn¢= _y_r_ignazure.jd::: :_ K¢ce:ve_ by: t 3tgnature_ Date Time

K¢i]daubsaEd _._. t Signa:ure_ K-.:e:ve_ 0_.': _,Signature, Date Time

K¢hncluzsa_a _y: t Signature_ K_e_,:ve_'_t Iao by: t Signature} Date Time
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EMseco

A C_rnm_ Company

SAMPLEDESCRIPTIONINFORMATION |
for !

U.S. GeologicalSurvey

Sampled Received J
Lab ID Client ID Matrix Date Time Date

029311-OOOI-SA KAFBO80203-1F SOIL 06 JAN 93 04 JUN 93 |
029311-0001-MS KAFBO80203-1F SOIL 06 JAN 93 04 JUN 93 l
029311-0001-SD KAFBO80203-1F SOIL 06 JAN 93 04 JUN 93
029311-0002-SA KAFBO11201-IF SOIL 26 MAY 91 04 JUN 93
029311-0002-MS KAFBO11201-IF SOIL 26 MAY 91 04 JUN 93
029311-0002-SD KAFBOI1201-IF SOIL 26 MAY 91 04 JUN 93
029311-0003-SA KAFBO40202-1F SOIL 07 JAN 90 04 JUN 93
029311-0003-MS KAFBO40202-1F SOIL Ol JAN gO 04 JUN 93 L
029311-0003-SD KAFBO40202-1F SOIL 07 JAN 90 04 JUN 93 !
029311-0004-SA KAFB050504-_/ / SOIL 03 JUN 93 14:10 04 JUN 93
029311-0004-MS KAFBOSOSO4-_y:/Vd_ SOIL 03 JUN 93 14:10 04 JUN 93
02g311-OOO4-SD KAFBOSOSO4-1J " " SOIL 03 JUN 93 14:10 04 JUN 93 |
029311-0005-SA KAFB050505-1-),!/ I/ SOIL 03 JUN 93 14:15 04 JUN g3 |
029311-OOOS-MS KAFBOSOSO5-1_;_"b_tr=u* SOIL 03 JUN 93 14:15 04 JUN 93
029311-0005-SD KAFBOSOSO5-]J _ SOIL 03 JUN 93 14:15 04 JUN 93

029311-OOO6-SA KAFBO6OSO2-D , SOIL 03 JUN 93 14:30 04 JUN 93
029311-0006-MS KAFBO60502-]_Ir.-_ _,_.. _ SOIL 03 JUN 93 14:30 04 JUN 93 s
029311-OOO6-SD KAFB060_02:I] " SOIL 03 JUN 93 14:30 04 JUN 93
029311-0007-SA KAFB070302-1_ SOIL 03 JUN g3 14:45 04 JUN 93
029311-0007-MS KAFB070302-1_" " '" SOIL 03 JUN 93 14:45 04 JUN 93
029311-0007-SD KAFBO70302-1J SOIL 03 JUN 93 14:45 04 JUN 93

I

I

|

!

G-3549 I

I



Fr'6eco
A Comln_ C_mpany

MATRIXSPIKE / MATRIXSPIKE DUPLICATEREPORT
MetalsAnalysis and Preparation(cont.)

Concentration
Matrix Matrix Spiked %Recovery %

Analyte Sample Spike Spike Dup MS MSD MS MSD RPD
Silver 110 145 131 5.1 5.1 NC NC NC
Sodium ND 8300 8890 10300 10300 81 86 7
Vanadium 42.1 86.8 94.6 51.5 51.5 87 102 16
Zinc 1320 1240 1430 51.5 51.5 NC NC NC

Test: HG-CVAA-AFCEE-S
MatrixSOIL
Sample: 029311-0004
Units: mg/kg

Mercury 1.1 1.6 1.6 0.51 0.51 96 86 11

Test: CR-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0004
Units: mg/kg

Chromium 1630 1600 1550 20.6 20.6 NC NC NC

Test: SE-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0004
Units: mg/kg

Selenium 4.6 7.2 6.3 3.1 3.1 82 55 39

Test: TL-FAA-AFCEE-S
MatrixSOIL
Sample: 029311-0004
Units: mg/kg

Thallium 0.49J 2.7 2.4 3.1 3.1 71 61 16

Test: SB-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0004
Units: mg/kg

Antimony ND 31.8 33.6 51.5 51.5 62 65 5

J : Result is detected below the reportinglimit or is an i
estimatedconcentration, c

ND - Not detected

NC : Not calculated,calculationnot applicable i
!

All resultsand spike amountsare reportedon a dry weight basis.

All calculationsare performedbeforeroundingto avoid round-off |F
errors in calculatedresults, r

G-3707

i



EEiseco

MATRIX SPIKE / MATRIX SPIKE DUPLICATE REPORT
Metals Analysis and Preparation (cont.)

Concentration
Matrix Matrix Spiked %Recovery %

Analyte Sample Spike Spike Dup MS MSD MS MSD RPD

Test: ICP-AFCEE-S
Matrix SOIL
Sample: 029311-0005
Units: mg/kg

Aluminum 4700 10000 9630 5080 5080 105 -97 8
Arsenic ND 40.6 34.5 50.8 50.8 80 68 16
Barium 121 264 277 203 203 70 77 9
Beryllium 0.27 J 4.4 4.8 5.1 5.1 81 89 9
Cadmium 2.4 6.5 6.2 5.1 5.1 80 74 7
Calcium 59900 69600 66100 10200 10200 NC NC NC
Cobalt 2.3 J 42.6 43.6 50.8 50.8 79 81 3
Copper 76.6 95.8 86.4 25.4 25.4 76 39 64
Iron 6960 11000 10900 4470 4470 90 88 3
Lead 8,2 46.8 49.4 50.8 50.8 76 81 7
Magnesium 2010 6450 6310 5080 5080 87 85 3
Manganese 59.0 102 102 50.8 50.8 84 84 0
Molybdenum ND 42.1 40.6 50.8 50.8 83 80 4
Nickel 11.6 51.4 50.6 50.8 50.8 78 77 2
Potassium 950 5330 5310 5080 5080 86 86 0
Silver 10.2 13.1 12.5 5.1 5.1 57 47 19
Sodium ND 8520 8580 10200 10200 84 84 I
Vanadium 16.3 57.8 61.3 50.8 50.8 82 89 8
Zinc 68.8 105 93.4 50.8 50.8 72 48 39

Test: HG-CVAA-AFCEE-S
Matrix SOIL
Sample: 029311-0005
Units: mg/kg

Mercury 0.20 0.76 0.70 0.51 0.51 110 98 11

Test: CR-FAA-AFCEE-S
Matrix SOIL

" Sample: 029311-0005
Units: mg/kg

Chromium 29.9 49.3 46.8 20.3 20.3 96 83 14

_. J - Result is detected below the reporting limit or is anestimated concentration.
ND : Not detected
NC : Not calculated, calculation not applicable

All results and spike amounts are reported on a dry weight basis.

All calculations are performed before rounding to avoid round-off
errors in calculated results.

G-3708
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MATRIX SPIKE / MATRIX SPIKE DUPLICATEREPORT
Metals Analysis and Preparation(cont.)

Concentration
Matrix Matrix Spiked %Recovery %

Analyte Sample Spike Spike Dup MS MSD MS MSD RPD

i

Test: SE-FAA-AFCEE-S

Matrix SOIL ISample: 029311-0005
Units: mg/kg

Selenium ND 2.4 2.4 3.1 3.1 79 77 3
k

Test: TL-FAA-AFCEE-S IMatrix SOIL
Sample: 029311-0005
Units: mg/kg

Thallium ND 2.0 2.0 3.1 3.1 65 64 2

Test: SB-FAA-AFCEE-SMatrix SOIL
Sample: 029311-0005
Units: mg/kg

Antimony ND 29.4 32.5 50.8 50.8 58 64 10

Test: ICP-AFCEE-S IMatrix SOIL
Sample: 029311-0006

Units: mg/kg I
Aluminum 8590 15000 14300 5100 5100 126 112 12
Arsenic ND 33.4 32.9 51.0 51.0 65 64 2
Barium 189 379 394 204 204 93 101 8 D
Beryllium 0.49 5.i 5.5 5.1 5.1 90 97 7 I
Cadmium 1.5 6.2 5.6 5.1 5.1 92 80 14
Calcium 62000 69200 69300 10200 10200 NC NC NC
Cobalt 4.6 46.3 45.8 51.0 51.0 B2 81 I |
Copper 108 134 130 25.5 25.5 NC NC NC I
Iron 12200 16500 16000 4490 4490 96 86 12
Lead 20.5 64.2 59.4 51.0 51.0 85 76 11
Magnesium 5440 10400 10300 5100 5100 97 95 2 |
Manganese 218 264 276 51.0 51.0 NC NC NC l

Molybdenum ND 41.8 43.7 51.0 51.0 82 86 4
Nickel 13.9 56.3 55.1 51.0 51.0 83 81 3
Potassium 2870 7970 7970 5100 5100 100 100 0 |

|

ND = Not detected |
NC = Not calculated,calculationnot applicable i

All resultsand spike amountsare reportedon a dry weight basis.

All calculationsare performedbeforeroundingto avoid round-off |
errors in calculatedresults.

G-3709
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MATRIX SPIKE / MATRIX SPIKE DUPLICATE REPORT
Metals Analysis and Preparation (cont.)

Concentration
Matrix Matrix Spiked %Recovery %

Analyte Sample Spike Spike Dup MS MSD MS MSD RPD
Silver 33.7 36.5 36.9 5.1 5.1 NC NC NC
Sodium ND 9320 9320 10200 10200 91 91 0
Vanadium 22.8 68.3 69.4 51.0 51.0 89 91 2
Zinc 78.5 124 119 51.0 51.0 89 79 13

Test: HG-CVAA-AFCEE-S

Matrix SOILSample: 029311-0006
Units: mg/kg

Mercury 0.054 J 0.54 0.55 0.51 0.51 95 97 2

Test: CR-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0006
Units: mg/kg

Chromium 82.7 101 93.9 20.4 20.4 NC NC NC

Test: SE-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0006
Units: mg/kg

Selenium 0.42 J 2.3 2.5 3.1 3.1 62 67 7

Test: TL-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0006
Units: mg/kg

Thallium ND 1.8 2.1 3.1 3.1 58 67 14

Test: SB-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0006
Units: mg/kg

Antimony ND 22.7 22.1 51.0 51.0 44 43 3

J = Result is detected below the reporting limit or is an
estimated concentration.

ND : Not detected
NC : Not calculated, calculation not applicable

All results and spik_ amounts are reported on a dry weight basis.

All calculations are performed before rounding to avoid round-off
errors in calculated results.

G-3710
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C_mln_ C_mp_.

MATRIX SPIKE / MATRIX SPIKE DUPLICATEREPORT
MetalsAnalysis and Preparation(cont.)

Concentration
Matrix Matrix Spiked %Recovery %

Analyte Sample Spike Spike Dup MS MSD MS MSD RPD

Test: ICP-AFCEE-S
Matrix SOIL
Sample: 029311-0007
Units: mg/kg

Aluminum 11800 16500 15100 5090 5090 93 64 37
Arsenic ND 39.3 32.2 50.9 50.9 77 63 20
Barium 132 313 309 204 204 89 87 2
Beryllium 0.70 5.6 5.5 5.1 5.1 97 94 3
Cadmium 0.47 J 5.0 4.9 5.1 5.1 90 88 2
Calcium 13400 20000 19000 10200 10200 65 54 17
Cobalt 8.2 54.6 53.5 50.9 50.9 91 89 2
Copper 19.9 41.2 39.7 25.4 25.4 84 77 8
Iron 22200 24500 22400 4480 4480 NC NC NC
Lead 13.3 59.9 55.7 50.9 50.9 92 83 9
Magnesium 6910 11400 10800 5090 5090 89 76 16
Manganese 365 371 373 50.9 50.9 NC NC NC
Molybdenum ND 45.1 46.2 50.9 50.9 89 91 2
Nickel 11.8 57.9 56.0 50.g 50.9 91 87 4
Potassium 3230 8060 7750 5090 5090 95 89 7
Silver 1.3 J 5.2 5.0 5.1 5.1 78 74 6
Sodium ND 10200 9790 10200 10200 I00 96 4
Vanadium 37.9 84.2 79.4 50.9 50.9 91 82 11
Zinc 67.9 107 104 50.9 50.9 76 71 7

Test: HG-CVAA-AFCEE-S
Matrix SOIL
Sample: 029311-0007
Units: mg/kg

Mercury ND 0.50 0.51 0.51 0.51 99 101 2

Test: CR-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0007
Units: mg/kg

Chromium - 14.3 31.6 29.9 20.4 20.4 85 77 10

J - Result is detected below the reportinglimit or is an
estimatedconcentration.

ND = Not detected
NC : Not calculated,calculationnot applicable

All resultsand spike amountsare reportedon a dry weight basis.

All calculationsare performedbeforeroundingto avoid round-off
errors in calculatedresults.

G-3711
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II Enseco
MATRIX SPIKE / MATRIX SPIKE DUPLICATE REPORT
Metals Analysis and Preparation (cont.)

1
Concentration

l Matrix Matrix Spiked %Recovery %
Analyte Sample Spike Spike Dup MS MSD MS MSD RPD

! -Test: SE-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0007

l Units: mg/kg
Selenium ND 2.2 2.2 3.1 3.1 73 71 4

I Test: TL-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0007

I Units: mg/kg
Thallium ND 2.7 2_8 3.1 3.1 89 90 1

I Test: SB-FAA-AFCEE-S
Matrix SOIL
Sample: 029311-0007

I Units: mg/kg

Antimony ND 21.6 27.7 50.9 50.9 42 54 25

I ND : Not detected
NC = Not calculated, calculation not applicable

I All results and spike amounts are reported on a dry weight basis.

All calculations are performed before rounding to avoid round-off
errors in calculated results.I

I
I
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Table 11-4 Typical chemical composition of untreated and digested sludge

Untreated primary sludge Digested sludge

Item Range Typical Range Typical
a brown flocculant appearance.

may be approaching a septic
hter than usual there may have Total dry solids (TS), °o 2.0-8.0 5.0 6.0-12.0 10.0
tendency for the solids to settle • Volatile solids (° of TS) 60-80 65 30-60 40.0
iition has an inoffensive Grease and fats

to become septic rather rapidly (ether-soluble. % of TS) 6.0-30.0 ... 5.0-20.0 ...
_rotcin (",,of TS) 20-30 25 15-20 1_

odor of putrefaction. It will digest
fresh wastewater solids. "mrogen (N. ",, of TS) 1.5-6.0 4.0 1.6-6.0 4.0

nish. flocculant, and relatively Phosphorus (P:O_. "g of TS) 0.8-3.0 2.0 1.5-4.0 2.5
Potash {K:O. "o of TS) 0-1.0 0.4 0.0-3.0 1.0

nerally undergoes decomposition
Cellulose (°o of TS) 8.0-15.0 10.0 8.0-15.0 10.0

igested sludges, but when it
Iron (not as sulfide) 2.0--4.0 2.5 3.0-8.0 4.0

ty become offensive quickly. It is
Silica (SiO,_, % of TS) 15.0-20.0 ... 10.0-20.0 ...

brown to dark brown and has a pH 5.0-8.0 6.0 6.5-7.5 7.0

dor of aerobically digested sludge Alkalinity (mg/L as CaCOa) 500-1500 600 2500-3500 3000

haracterized as musty. Well- Organic acids (mg/L as HAc) 200-2000 500 100-600 200

ate_ easily, and the resulting Thermal content (MJ/kg) 14-23 16.5° 6-14 9b

Based on 65 percent volatile matter.

is dark brown to black and _ Based on 40 percent volatile matter.

rge quantity of gas. When Note: MJ/kg x 429.92 = Btu/lb
t offensive, its odor being
of hot tar. burnt rubber, or

Ton porous beds in thin layers. Table 11-5 Typical data on the physical characteristics and quantities of sludge
, the st' _ by the entrained produced from various wastewater-treatment processes
mratix ,ear water below them

allows the solids to sink down Specific Specific Dry solids, kg/103 m3

sludge dries, the gases escape, gravity of gravity of
.'e with an odor resembling that Treatment process sludge solids sludge Range Typical

ok. Unless well digested by long _ !',imar.x sedimentation I..__.4.4 1.02 110-170 150
;e of the hydrogen sulfide and ',ct:x ated sludge (waste sludge) 1.25 1.005 70-100 85

iludge can be dried on porous Trickling filtration (waste sludge) 1.45 1.025 55-90 70

lets. but objectionable odors are Extended aeration (waste sludge) 1.30 1.015 80-120 100"

tining unless it has been well _ \crated lagoon (waste sludge) _ 1.010 80-120 I00 °
Filtration 1.20 1.005 10-20 15

Xlgae removal 1.20 1.005 10-25 15

Chemical addition to primary

; to be used as a soil condi- ctarlfiers for phosphorus removal

a. phosphorus, and potash. Low lime 1350-500 mg,'L) 1.9 1.04 250--400 300 b

.-id content is important in H,=h lime 1800-1600 rag/L) Z2 1.05 600-1280 800*
s :,r'_mded-growth nitrification ............

: incineration or some other - :,:'=:_dcd-gro,_-th denitrification 1.20 1.005 10-30 16
=',,':::'m_ filters 1.28 1.020 a

-calorimeter tests should be .......

he combustion system. The ' \,,ummg no primary, treatment.

best. especially if it contains " Sludgem addition to that normally removed by primary sedimentation.
e kitchen food grinders are Negligible.

11also be high. The thermal " !:c!:,ded in sludge production from biological secondary treatment processes.

l- 11-16. _ven in Sec. 11-14. ,c., kg 10ama x 0.0083= ib,.10_gai
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S3sz Fehr-Jnqlma I VoLso. 3z 1today. F,ruary 1 tadeS.eou

ao.ts_s0_.za. _ _ _ _ (d)B_kt_-q_dudp_Im.,C--_--'.,-
- 14J .um_, _ dadp il m_ or _ven _ __ app!ied to agri_lturel lan_., fermi., "
away. m.a m8 or omer ._ce_mer for jm uo0m@ puluic c_tact site, or • _ site
apv,-_uou to ,I,. _ ei_.. _ -- at a whole sludge apr,_ rote tl_

9/i_, .coucentr_onm_ca _ ___ _o isequaltoarlmsi/mnth, sgnmemfc
po.utpt,,,,he ,t.,. ,,o, ,.at. th.
exceed _e concentr_ml zorUm _:_ ..... ,,,2o in thecase era reclamation s_it_
pollutant in Table 3 of § 503.13; or S,maum _e otherwise specified by the permi_

(fi) The product of ths Goncantration 2_c _ authority.
of each pollutant in the savage sludge (el Either • label shall be affixed to the
and the annual wlu_ slud_ ' o,y_ cmL beg or other container in which towage
application rate for _he mwuge sludge (4) Annua/pollutant loadin 8 rates. .sludge that in sold or Seven away for

__t land. ormshall not cause the annual pollutant T_ce 4 OF§ 503.13.--Auta,_ shallbe provided toloadin S rate for the pollutant in Table 4
of§503.13 to be exomded. The POU.UT_qT_ RKI-c_ th.eperson who receives sewa_ sh_d_
procedure used to determine the annual _ ma_mttom_ seed or given sway tn en other coatMner
whole sludge applicatkm rme Is
prmented in tppendixA ofrthis perL t_m__,m_ lnformatlonf°repplicatlonto the bed.The l,belorsheetzhallcoatatu (tm
{b}Pollutant cooamtmtfom end ,/.... fol_._ing _tlon: . - . :-"

loedingratm--mwa_sludge. _ AI" /.7_2.o • " _ :cmm_m /.7 _._7 _.s ll) The rams and eddnm af dm --
(I) Coil_g concenU-_iomc Chmeum /;4 _ *so person who prepm_ the sews_eslud_

ColWm _ . 7s that is sold or siren away in • begor
T_t.E 10¢§S03A3._ tim r_._' _s othercontalnm'ferepplicationtotho

_'noe_ Umuy o.7_, o.es land.

_e'_ _ (2) A statement that applicetiou oftbe
_mmenm_ _ ¢,7 _0 sewage sludge to the lend is prohibited

;_c /2.: uo except In accordance with the
instructions on the label or information

Acsw_c 7s Ic} Domestic septage. " sheet.
8.5 The annual application rate ]'or (3) The annual whole sludge

_00o domestic sept•go applied to agricultural application ate for the sewsse sludge
o4o land. forest, or a reclamation sdt_shall that does not cause 8ny of the •nasal

uac_ 5"7 not exceed the annual spplicatioa rate pollutant loading rotes in Table 4 of -
ue_emum 7s calculated _ equation(1). §503.13 to be exceeded. "

.S_msum _0o N tSO3._S Ope_onai ma_darda--
z_c 7sc_ AAR= _1 (_) pe_oge_ _d vector sumc_x_mek._t_ms.

' Oq_,m_ _ 0.0026 !el Pathogens--sewage s]ud_e.
(1}The Cle_ A pathogen

(2) Cumulative pollutant loading '.','here: requirements in § 503.32(m)or the (_ss
rates. AAR=AnnuaIapplicathmratein sallc_s pe_ B pathogen requirements end site

T_L.E 2 OF§ 5433.13.-.Cum._-rrv_ "_ acreper365 day period, restriclions in § 503.32(b) shah be me_

POU.UTANT LOAOII_ I_'_ q N--Anmunt of nitrogen in pounds per _ when bulk sewaee sludge is applied to
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Bs P NsASSOC,ATESENVIRONMENTALSCIENTISTSAND ENGINEERS

DBS&A FIELD TECHNICAL STANDARD OPERATING PROCEDURES

Providedhereinare field technicalstandardoperatingprocedures(SOPs) applicableto the Post-
Closure Plan for Sewage Lagoonsand Golf Course Main Pond at KirtlandAir Force Base,
Albuquerque,New Mexico. AllSOPs includedinthisappendixare proprietaryinnatureandshall
notbe copied,reproduced,ordistributedwithouttheexpressedwrittenapprovalof an authorized
DBS&A representative. The scopeof the proceduresprovidedinthisappendixis outlinedinthe
followingtable.

Field Technical Standard Operating Procedures

StandardOperating
Procedure No. Title

Section 13.3.2 Soils Logging,Handling,and Shippingfor Geotechnicaland
ChemicalAnalysis

Section13.5 Water Sampling

Section13.5.1 Preparationfor Water Sampling

Section13.5.2 Decontaminationof FieldEquipment

Section 13.5.3 Measurementof Field Parameters

Section 13.5.4 Collectionof Ground-WaterSamples

Section 13.5.5 Collectionof Surface Water Samples

Section 13.5.6 Sample Preservation

Section13.5.7 Sample Filtration

Section 13.5.8 Quality Assurance/Quality Control (QA/QC) Samples

Section 13.6.1 Ground-Water Level Measurement

3186\PC-MNTRG.194kAPPX-F
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Procedure

Soils Logging, Sampling, Handling, and Shipping
for Geotechnical and Chemical Analyses

Effective 06/01/93 • Supersedes n/a • Page 1 of 14 SECTION 13.3.2

1. PURPOSE

The followingSOP describesthe appropriateproceduresfor the logging,sampling,handling,and shipping
of soil duringsoil boringinvestigations.Samplingmethodologiesand shippingrequirementsare provided
for collectionof geotechnical,physical,and chemicalsoilsamples.

2. SCOPE

This procedure is applicableto all DBS&A employeesand subcontractorswho are engaged in soilboring
activities. It providesthe minimumloggingrequirements,samplingprotocols,andshippingrequirementsfor
soilboringinvestigations.The appropriateformfor loggingsoil is includedinthisSOP as Attachment1, Soil
BoringLog(DBS&A FormNo. 080). A soilsclassificationchartis includedas Attachment2. Tables 13.3.2-1
and 13.3.2-2 providehandlingandtransport,and volumerequirementsfor soil physicalanalysissamples,
respectively.

3. PROCEDURES

3.1 Soils Logging

Soil descriptionsand otherpertinentinformationwillbe recordedon the Soil BoringLogformduringboring
operations. The Soil Boring Form contains a header for recordingthe boring specificsand a log for
describing and classifying soil and tracking soil sampling. Soils will be identified and described in
accordancewith ASTM D 2488, StandardPracticefor Descriptionand Identificationof Soil (Visual-Manual
Practice). Table 13.3.2-3 providesa list of equipmentthat may be required for soils logging,sampling,
handling,and shipping.

3.1.1 Completin.qthe Header

Mostof the header is self-explanatory. On the first page of the log, it is importantto completethe entire
header. If subsequentforms are necessary, completethe page number, the site, the client, the person
loggingthe soil,the boringnumber,and the date. On the first page, sketcha locationmap for the boring,
referencingit to known features or landmarks. When specifyingthe drillingmethodand drillrig, note the
diameterof the drillbit or augers.

3.1.2 Completinqthe BorinqLog

P/D/F/D - recordhead space measurementsmade with the PID/FID in this columninthe appropriatedepth
intervalfrom which the sample was collected.

Blow Counts - if drivinga split-barrelsamplingdevicewith a hammer, recordthe numberof hammer"blows"
per 6 inches of penetration. Ensure that the drillermarks the 6 inch intervalson the drill stem prior to
hammeringthe split-barrel.

OM",SECTION 13\13-3-2



ENVIRONMENTALSCIENTISTSAND ENGINEERS

Procedure
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for Geotechnical and Chemical Analyses
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Sampling Device - specify the sampling device (i.e., split-barrel, split-barrel with brass or stainless steel rings,
Shelby tube); specify the inside diameter of the sampling device.

Sample Interval- specify the sampling interval (starting and finishing) by placing an "X" across the
appropriate depth interval in this column.

Sample Recovery- state, in tenths of feet, the amount of sample which is recovered.

Sample Number- record the designated sample number in this column.

Depth (Feet) - complete this column in 5-foot intervals to keep a running tally of the depth of the borehole.

USCS Symbol - provide the USCS symbol for the soil be described; draw a solid contact line at the
appropriate depth to signify changes in soil type.

Soil Description - describe the soil in the format listed on the boring log; for non-cohesive soils, estimate the
grain distribution, gradation, and grain shape; for cohesive soils, note the plasticity and clay consistency; if
possible, a soil classification and geotechnical gauge and a color chart should be used to aid in describing
soil.

3.2 Soil Sampling

Soil samples will typically be collected for geotechnical, physical, or chemical analysis. Geotechnical
samples will be collected with a split-barrel sampler lined with brass rings or in the case of cohesive soils
to be analyzed for compressive strength, a thin-walled tube sampler. Chemical samples will be collected with
an unlined split-barrel sampler or a ring-tined split-barrel sampler. Regardless of which sampling device is
employed, care should be taken to minimize slough in the borehole. Slow withdrawal of the drill bit prior to
sampling will minimize slough. When drilling below the water table, ensure that the water level in the
borehole (or within driven casing) is maintained at or above the water table elevation.

3.2.1 Geotechnical/Physical Properties Samples

Geotechnical and/or physical properties samples will be collected with either a ring-lined split-barrel sampler
or a thin-walled Shelby tube. If possible, use a ring-lined sampler for physical properties analysis. For
triaxial and unconfined compression tests, either a ring-lined sampler or a thin-walled tube sampler may be
employed. For cohesive soils, the thin-walled tube sampler should be used for obtaining the least disturbed
samples. In non-cohesive soils, a ring-lined sampler is required because of poor sample recovery
experienced with a thin-walled sampler.

3.2. 1.1 Ring-lined Sprit-Barrel Sampler (ASTM D 3350)

1. Assemble the sampler with the specified rings. For physical properties analysis, the typical ring is 3
inches in length and constructed of brass. Ring requirements will be specified in the Field Sampling Plan
(FSP).

3230\SECTION 13\13-3-2
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2. Attach the sampler to the drill stem and carefully lower it to the bottom of the borehole.

3. Hydraulically push the sampler into the soil in a rapid, continuous manner to a length not to exceed that
of the sampler. In dense, non-cohesive soils, the sampler may have to be driven. If so, record the blow
counts.

4. Carefully disassemble the sampler to minimize soil disturbance. Trim the individual rings flush with a
clean knife, and place plastic caps over the ring ends. Use the soil in one of the rings for field
classification. Secure the caps with tape and label the ring, including the vertical orientation.

5. The samples can be shipped in a dry cooler. If the possibility exists the samples will be handled roughly,
pack them with shipping material in the cooler.

3.2. 1.2 Thin-Walled Tube Sampler (ASTM D 1587)

1. Attach the sampling tube to the drill stem and carefully lower to the bottom of the borehole.

2. Rapidly and continuously hydraulically push the Shelby tube a distance of 5 to 10 times the tube diameter
in non-cohesive soils and 10 to 15 times the diameter in cohesive soils. In dense, non-cohesive soils

it is permissible to drive the sampler. Record the blow counts. It is permissible to "twist" the drill stem
to shear the sample bottom prior to retrieval.

3. Carefully withdraw the sampler from the formation to minimize disturbance.

4. The sample can be shipped either unextruded or after extrusion at the site.

Unextruded- Measure the length of the sample in the tube. Remove any slough from the top of the
tube. Remove at least 1 inch of soil from the bottom of the tube for field classification. Seal the top and
bottom of the tube with plastic caps and secure with tape.

Extruded - Following extrusion, select a 12- to 15-inch segment of the sample which appears least
disturbed. Carefully cut the ends with a clean knife, and immediately wrap the sample in cellophane
wrap, then aluminum foil. Place the sample in a plastic tube, and cap the ends. Describe the soil with
the remainder of the sample. Describe the prepared interval to the extent practicable. DO NOT cut or
disturb the interval to be submitted to the laboratory.

5. The samples can be shipped in a similar manner as described in 3.2.1.1(5) above.

3.2.2 Soil Chemistry Samples

Soil chemistry samples can be collected with either the split-barrel sampler or with the ring-lined split-barrel
sampler. The primary difference in the two methods is the preparation of the samples. In the case of
samples obtained from the split-barrel, the soil must be transferred to soil containers (typically glass jars).
In the case of the ring-lined sampler, the rings will be either stainless steel or brass which are capped with

3230\SECTION 1_13-3-2
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Teflon-lined caps. The rings are labeled, secured with toluene-free tape, and submitted directly for analysis.
Exact sample methods, volumes, containers, preservation, and chain of custody procedures will be outlined
in the FSP. In general, for soil matrix samples, EPA SW-846 (EPA, 1986) methods will be specified. Both
the split barrel sampler and the ring-lined sampler are hydraulically pushed or driven in the same manner
described in 3.2.1.1(2-3) above.

3.2.2. 1 Sprit-Barrel Samples (ASTM D 1586)

1. Upon retrieval of the sample, carefully open the split-barrel. Trim the sample with a decontaminated,
sharp stainless-steel knife. Note the general soil type.

2. As quickly as possible, collect samples for volatile organic and semi-volatile organic analysis. Be sure
that headspace is minimized in the volatile organic analysis samples. Collect field duplicates and specify
that the laboratory perform matrix spike/matrix spike duplicates from the same interval as the sample.
Place the samples in certified clean glass jars with Teflon-lined caps.

3. Collect samples for other required analyses. If the FSP specifies mixing the split barrel sample prior to
filling additional sample containers, do so in a stainless-steel mixing bowl. Sample volumes and
containers will be specified in the FSP.

4. Label the samples in accordance with the FSP. At a minimum, this will include: (1) the sample number;
(2) boring number and interval (if different from the sample number); (3) time and date; and (4) required
analysis. If chain of custody seals are required, secure them across the container lid.

5. Place the sample containers in "ziplock" bags and place on ice. Prior to shipment, the sample containers
must be wrapped in bubble-pack, or other suitable packing material.

6. Fully describe the soil sample.

7. Log the sample information in the field log book for later transfer to the Chain-of-Custody Form (DBS&A
Form No. 095), which is included as Attachment 3 in this SOP.

3.2.2.2 Ring-Lined Sprit-Barrel Samples (ASTM D 3350)

1. Upon retrieval of the sampler, carefully open the split-barrel. Trim the ends of the rings with a clean
stainless-steel knife. Cap the rings with Teflon-lined caps and seal with toluene-free tape.

2. Using one or more of the rings (if possible), and soil trimmed from the ring ends, describe and log the
soil.

3. Follow the steps described in 3.2.2.1 (5-7) above. Packing material is optional for the ring samples.

3230\SECTION 13\13-3-2
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3.3 Sample Shipment

Proper shipment of samples is critical for ensuring that reliable analytical results are obtained. In the case
of geotechnical or physical properties analysis samples, this involves protecting the samples against
excessive impacts which may disturb the samples. For soil chemical analyses, it is important to protect the
samples from breakage if they were collected in glass jars. In addition, most chemical methods call for the
samples being maintained at a constant 4°C.

3.3.1 Geotechnical and Physical Properties Samples

Shipping requirements for geotechnical and physical properties samples are listed in Table 13.3.2-2. In
general, samples should be shipped in a dry cooler. If the cooler is not being hand-carried to the laboratory
(i.e., shipped by overnight carrier) the samples should be protected with packing material to prevent sample
disturbance. Plastic bubble-wrap, shredded paper, foam "peanuts", and vermiculite provide adequate sample
protection when properly used. It is important to provide packing materials between all samples, such that
samples do not come in contact. When shipping samples, it important to enclose a chain-of-custody form
in the cooler as specified in the FSP.

3.3.2 Soil Chemistry Samples

Soil chemistry samples collected in glass containers must be protected from breakage. Individuallywrapping
the sample containers in plastic bubble-wrap provides excellent protection. After wrapping the samples in
bubble-wrap, they should be placed in sealed "zip-lock" bags. Brass or stainless-steel ring samples need
only be placed in sealed "zip-lock" bags. If the FSP calls for chain-of-custody seals to be placed on
individual samples, place them across the jar lid or plastic ring cap. Chain-of-custody forms should be filled
out in accordance with the FSP, placed in a "ziplock" bag, and taped to the inside of the cooler lid. It is
important to use an ample volume of ice in order to maintain the required temperature of 4°C. Chain of
custody seals will be placed across the front and back of the cooler lid such that they will be broken in the
event of tampering. The cooler lid should be firmly taped shut with several layers of shipping tape encircling
the ends of the cooler. Finally, for chemical analyses, always ship the samples by overnight carrier.

4.0 REFERENCES

ASTM D 1586-84 Standard Method for Penetration Test and Split-Barrel Sampling of Soils

ASTM D 1587-83 Standard Practice for Thin-Walled Tube Sampling of Soils

ASTM D 2488-90 Practice for Description and Identification of Soils (Visual-Manual)

ASTM D 3350-84 Standard Practice for Ring-Lined Barrel Sampling of Soils

U.S. EPA, 1986, Test Methods for Evaluation of Solid Wastes, SW-846, 3rd Ed.
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5.0 A'n'ACHMENTS

1. Boring Log (DBS&A Form No. 080 3/92)

2. Unified Soil Classification System Chart (DBS&A Form No. 049)

• Table 13.3.2-1, Soil Physical Sample Handling and Transport

• Table 13.3.2-2, Soil Physical Sample Volume Requirements

• Table 13.3.2-3, Soil Sampling Field Equipment List

3. Chain-of-Custody Form (DBS&A Form No. 95)

Prepared by: _ Reviewed '--_'ual--surance/ / Manager

Approved by: _'/_-__-_---DanieYB.Stephens Reviewed _(stem._erationsManager

3230\SECTtON 13\13-3-2
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LocationMap
Site

Loggedby Client/Project#

BoringNumber DrillingCo

DrillingMethod DrillRig

Date Started Date Completed

PID/FID Blow SamplingSample Sample Sample USCS Depth SoilDescription/Remarks
Reading Counts Device Recovery interval Number Symbol (feel) Soiltype, color, texture, grain size, sorting, roundness, plastlc_, consistency, moisture content

OBS&A Form No. 080 3/9_



USCS GROUP SYMBOLS

1
GRAPH _ LETTER TYPICAL DESCRIPTIONS

MAJOR DIVISIONS 2Y, MBOL 1SYMBOL___.
•_: °'" ; O'/ Well-graded gravels, gravel-sand
" /_-''_°,'1"" " " GW mixtures. Little or no fines.Clean Gravels

'._ u. _,,O, ,, I

Graveland (little or no _..-------:--rr,,o ° o_ I

Gravelly Soils nnes<5%) ._ .0,, I GP Poorly-gradedgravels. Gravel-sandMore than 50% _" _ ," mixtures. Little or no fines.
of Course
Fraction

Retained on Gravels GM Silty gravels. Gravel-sand-siltmixtures.
No. 4 Sieve with Fines

(appreciable
Course Grained amount Clayey gravels. Gravel-sand-clay

Soils of fines >15%) GC mixtures.

More than 50% of

Material is Larger _:."..,_.,.':"
thanSilt(No. 200 SW Well-gradedsands. Gravelly sands.

Sieve Size) Clean Sand _ Little or no fines.

Sand and (little or no Poorly-graded sands. Gravelly sands.
Sandy Soils nnes <5%) SP Little or no fines.

More than 50%
of Course
Fraction

PassingNo. 4 Sandswith SM Silty sands. Sand-siltmixtures.
Sieve Fines

(appreciable
amountof fines

>15%) SC Clayeysands. Sand-claymixtures.

Inorganicsiltsand veryfine sands. Rock
ML flour. Silty or clayey fine sands or clayey

silts with slight plasticity.

Silts Liquid Umit Inorganic clays of low to medium
and Less than 50 CL plasticity. Gravelly clays. Sandy clays,

Clays silty clays, lean days.

Organic silts and organic silty clays or
Fine Grained Soils OL low plasticity.
More than 50% of
Material is Smaller
than Silt (No. 200 Inorganic silts. Micaceous or

Sieve Size) MH diatomaceous fine sand or silty soils.

Silts LiquidLimit
and Greater than OH Inorganic clays of high plasticity. Fat

Clays 50 clays.

Organic clays of medium to high
OH plasticity. Organic silts.

Peat, humus, swamp soils with high
Highly Organic PT organic content.

DBS&A Form No. 049 4/91



_] DANIEL B. STEPHENS & ASSOCIATES, INC.ENVIRONMENTALSCIENTISTSAND ENGINEERS

Procedure

Soils Logging, Sampling, Handling, and Shipping
for Geotechnical and Chemical Analyses

Effective06/01/93 • Supersedesn/a. Page 9 of 14 SECTION 13.3.2

TABLE 13.3.2-1. SOIL PHYSICAL ANALYSIS SAMPLE REQUIREMENTS AND TRANSPORT

PHYSICAL PROPERTY TEST SAMPLE REQUIREMENT SHIPPING REQUIREMENT

Soil Moisture 2.5" O.D. x 3" long ring or in Dry cooler
double plastic bag with air
removed

Hydraulic Conductivity 2.5" O.D. x 3" sealed ring Dry cooler

Moisture Retention (_-O) 2.5" O.D. x 3" sealed ring Dry cooler with packing material

Air Permeability 2.5" O.D. x 3" sealed ring Dry cooler with packing matedal

Bulk Density 2.5" O.D. x 3" sealed or waxed Dry cooler with packing matedal
ring

Porosity 2.5" O.D. x 3" sealed ring Dry cooler with packing material

Specific Gravity 2.5" O.D. x 3" sealed ring or Dry cooler
plastic bag for bulk sample

Particle Size 2.5" O.D. x 3" sealed ring; Dry cooler
plastic bag for gravelly soil

Atterberg Limits 2.5" O.D. x 3" sealed ring or Dry cooler preferred
plastic bag

ProctorTests 5 gallon plasticbucketor large No shipping requirements
plasticbags

CompressionTests Unextrudedinthin-walledtube; Dry coolerwithpackingmaterial
extrudedwrappedincellophane
wrap and placedin plastictube;
or 2.5" O.D. x 6" sealed ring

3230\SECTION 13\13-3-2
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TABLE 13.3.2-1. SOIL PHYSICALANALYSISSAMPLEREQUIREMENTSANDTRANSPORT

PHYSICALPROPERTYTEST SAMPLEREQUIREMENT SHIPPINGREQUIREMENT

Soil Moisture 2.5" O.D. x 3" long ring or in Dry cooler
double plastic bag with air
removed

HydraulicConductivity 2.5" O.D. x 3" sealed ring Dry cooler

Moisture Retention(y-e) 2.5" O.D. x 3" sealed ring Dry coolerwithpackingmaterial

Air Permeability 2.5" O.D. x 3" sealed ring Dry coolerwithpacking material

Bulk Density 2.5" O.D. x 3" sealed or waxed Dry coolerwithpackingmaterial
ring

Porosity 2.5" O.D. x 3" sealedring Dry coolerwithpackingmaterial

Specific Gravity 2.5" O.D. x 3" sealed ringor Dry cooler
plastic bag for bulk sample

Particle Size 2.5" O.D. x 3" sealed ring; Dry cooler
plasticbag for gravelly soil

Atterberg Limits 2.5" O.D. x 3" sealed ring or Dry cooler preferred
plastic bag

Proctor Tests 5 gallon plastic bucket or large No shipping requirements
plasticbags

Compression Tests Unextruded in thin-walled tube; Dry cooler with packing material
extruded wrapped in cellophane
wrap and placed in plastic tube;
or 2.5" O.D. x 6" sealed ring

3230\SECTION 13\13-3-2
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TABLE 13.3.2-3. SOIL SAMPLING FIELD EQUIPMENT LIST

ITEM DESCRIPTION

1. Soil Kit Geologic hammer
Electrical and solvent-free tape
Flagging tape
Assorted sharpies
Munsel Soil Color Chart
Grain size chart
USCS Soil Classification Guide
Carpenter's rule (6 feet marked in tenths)
Spatulas
Dilute Hydrochloride acid

2. Boring Log forms
and clip board

3. Field book

4. Meters: Photoionization Detector
MX25 explosivity meter
Water level meter
Flame Ionization Detector or methane meter

Geiger-Mueller radiation meter

5. Tagline: Fiberglass with weight taped OR
Steel tape with steel weight and no tape to attach
weight

6. 300-foot fiberglass
tape

7. Latex gloves (2 or
more boxes)

8. Health and Safety Earplugs
kits: Hard hat

Steel-toed boots
Safety glasses
Tyvek, Respirator

9. Coolers: One for food only
3 or more for samples

OM_._ECTION.13\13-3-2
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TABLE 13.3.2-3. SOILS SAMPLING FIELD EQUIPMENT LIST (CONTINUED)

ITEM DESCRIPTION

10. Decontamination: 3 plastic tubs
Plastic brushes

Liquinox
Distilled water, 10-15 gallons minimum
Paper towels
Garbage bags (large/small)

11. Soil sample Brass rings (for soil physical properties)
containers: Stainless steel rings (for organic chem analyses)

Teflon liners (for organic chem analyses)
Plastic endcaps
Sealing tape and/or purifier wax
Glass jars (4 or 8 oz for chemical analyses)
Quart and gallon ziplock bags
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Procedure

Water Sampling
Effective 01/12/94 • Supersedes 06/01/93 • Page 1 of 2 SECTION 13.5

i

1. PURPOSE

The purpose of this standard operating procedure (SOP) is to present guidelinesand procedures for
collection,preservation,and shipmentof water samples for laboratorychemical analysis. This SOP also
outlines procedures for measurement of field water quality parameters during sample collection activities.

2. SCOPE

The SOPs included in this section are applicable to all DBS&A employees, and its contractorsand
subcontractors,for the conductof all activitieslisted in this section. All SOPs described in this section
are proprietary In nature and shall not be copied or reproduced, or distributed to any person or
organization not employed by DBS&A, without the expressed written approval of the Systems
Operations Manager (SOM) or President of DBS&A. The scopeofthe proceduredescribedinthissection
includesthe following:

13.5.1 Preparationfor Water Sampling
13.5.2 Decontaminationof Field Equipment
13.5.3 Measurementof Field Parameters
13.5.4 Collectionof Ground-WaterSamples
13.5.5 Collectionof Surface Water Samples
13.5.6 Sample Preservation
13.5.7 Sample Filtration
13.5.8 Quality Assurance/Quality Control (QA/QC) Samples

This SOP includes guidelines for preparation for water sampling, collection of surface- and ground-water
samples,sample preservation,chain ofcustody procedures,and quality assurance/qualitycontrol procedures.
This SOP is applicable to the collection of surface- and ground-water samples to be analyzed for organic,
inorganic and radionuclide constituents and for measurement of field parameters including temperature,
conductivity, pH, alkalinity, oxidation/reduction potential (Eh), and dissolved oxygen.

3. PROCEDURES

These SOPs shall be reviewed and updated at least once annually by the Systems Operations Manager
(SOM), or person(s) designated by the SOM. Revisions and additions to these SOPs shall be made as
needed to assure consistency with industry standards and the collection of high quality data in the field.
Requests for revisions shall be made on Form No. 127 in accordance with the procedure described in
Section 0.2 of the DBS&A Operations Manual. The Proprietary Copy Request and Authorization Form
(DBS&A Form No. 043) shall be used in requesting, authorizing, and documenting any SOP, or part of any
SOP, copied or distributed for uses described in Section 13.5 of the Operations Manual. All or parts of the
SOPs described in this section may be reproduced and used in DBS&A reports, proposals, and work plans
with the verbal consent of either the SOM or President of DBS&A. The SOM shall be responsible for filing
and maintaining requests made on Form Nos. 127 and 043.
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Preparation for Water Sampling
Effective 06/01/93 - Supersedes n/a • Page 1 of 2 SECTION 13.5.1

1. PURPOSE

The following SOP defines activities to be completed prior to each sampling event. A checklist/summary of
water sampling preparation activities is included as Attachment 1 to this SOP.

2. SCOPE

This procedure is applicable to all DBS&A employees and its contractors and subcontractors when preparing
to sample water.

3. PROCEDURES

3.1 DBS&A Warehouse

Prior to any water sampling event, the water sampler shall requisition all necessary equipment and supplies
by completing a DBS&A Field Equipment and Materials Load-Up Sheet (see Section 13.1.1 of the DBS&A
Operations Manual) and giving it to the warehouse manager. The load-up sheet should be provided to the
warehouse manager as much in advance as is possible, so that equipment and supply requisitions can be
made.

All equipment to be used, with the exception of rental equipment, shall be calibrated and tested in the
DBS&A warehouse by the warehouse manager prior to being sent to the field per the guidance prescribed
in Section 13.1.1 of the DBS&A Operations Manual. Meter calibration shall be conducted in accordance with
standard manufacturer recommended procedures usingclean, fresh reagents. The warehouse manager shall
ensure that all equipment is clean and in working order prior to leaving the DBS&A warehouse.

3.2 Analytical Laboratory

Prior to a water sampling event, the number and type of samples to be collected (field and quality assurance
samples) shall be determined by the Project Manager (PM) or designated project Technical Representative
(TR). The PM or project TR shall order appropriate sample containers (Section 13.1.1) from the analytical
laboratory and shall inform the analytical laboratory of the expected arrival date of the samples, the analytes
to be determined for each sample, and the required turnaround time. It is the water sampler's (Field
Representative; FR) responsibility to confirm that all sample bottles have been received and are loaded for
sampling. The duties and responsibilities of TRs and FRs are described in Section 13.2 of the DBS&A
Operations Manual.

3.3 Site-Specific Instructions

The first time that a site is sampled, or the first time that any new location is sampled, the designated sample
identification number shall be determined by the PM or TR prior to field sampling.

Prior to each water sampling event, the PM or TR shall compile a list of samples (including quality assurance
samples) to be collected. The order in which the samples should be collected shall also be listed. In
general, locations with the lowest concentrationsof select analytes shall be sampled before wells with higher

3230\SECTION 13\13-5-1
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Preparation for Water Sampling
Effective 06/01/93 - Supersedes n/a • Page 2of 2 SECTION 13.5.1

concentrations, so the potential for cross-contamination can be minimized. The PM or TR will also list any
special procedures that are unique to the site or to the sampling event.

Before each sampling round, the PM or TR shall make all access arrangements with the client and/or
property owners. The FR(s) will confirm that access arrangements have been made and should determine
if additional on-site access procedures are required.

Prior to leaving for the field, FR(s) shall assemble and be familiar with materials that describe the general
conditions of the site, the hydrogeology, well completion information, and objectives of the sampling program.
The project health and safety plan shall also be consulted before initiation of the field program.

Reviewed by:__7,

Prepared by: _'c...,.,,_.. ,_r'("_ _,_3uality_surance Manager

Approved by: _/_ _'_'_ _------_ Reviewed bY_ "_-

Daniel B. Stephens _Systems/£)perations Manager/

3230\SECTION 13\13-5-1



_1 DANIEL B. STEPHENS & ASSOCIATES, INC.ENVIRONMENTALSCIENTISTS AND ENGINEERS

Procedure

Decontamination of Fiec/ Equipment
Effective 06/01/93 - Supersedes n/a • Page 1 of 2 SECTION 13.5.2

1. PURPOSE

The following SOP defines activities required to decontaminate water sampling equipment in order to prevent
cross-contamination of samples from different sampling locations.

2. SCOPE

This procedure is applicable to all DBS&A employees and its contractors and subcontractors involved in
water sampling activities.

3. PROCEDURES

All non-disposable field equipment that may potentially come in contact with any water sample shall be
decontaminated in order to minimize the potential for cross-contamination between sampling locations.
Thorough decontamination of all sampling equipment shall be conducted in the warehouse before each
sampling event. In addition, the FR shall decontaminate all equipment in the field as required to prevent
cross-contamination of water samples (see Section 13.1.1 of the DBS&A Operations Manual). The
procedures described in this section are specifically for field decontamination of sampling equipment.

For wells or surface waters to be sampled for inorganics and/or metals, or for locations outside of the area
of known contamination, the following procedures shall be used:

1. Wash the equipment in a solution of non-phosphate detergent (Liquinox) and distilled/deionized water.
All surfaces that may come in direct contact with the samples shall be washed. Use a clean Nalgene
tub to contain the wash solution and a scrub brush to mechanically remove loose particles. Wear
clean latex or plastic gloves during all washing and rinsing operations.

2. Rinse twice with distilled/deionized water.

3. Dry the equipment before use, to the extent practical.

If the sample is collected from a highly contaminated area or is to be analyzed for organics, follow steps 1
and 2, then rinse once more with organic-free water obtained from the laboratory or other supplier. Contain
all wash solutions for proper disposal.

4. REFERENCES

• American Petroleum Institute. 1987. Manual of Sampling and Analytical Methods for Petroleum
Hydrocarbons in Groundwater and Soil. API Publication No. 4449. American Petroleum Institute,
Washington. DBS&A #3600/API.
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1. PURPOSE

Thissectionoutlinesproceduresfor fieldmeasurementof electricalconductivity,temperature,pH, alkalinity,
oxidation/reductionpotential(Eh), and dissolvedoxygen(DO).

2. SCOPE

This procedureis applicableto all DBS&A employeesand its contractorsand subcontractorsinvolvedin
water sampling activities. These parameters shouldbe measured during monitorwell purging priorto
sampling. Surface water samplesshouldalso be characterizedwhen they are collected.

3. PROCEDURES

3.1 Conductivity and Temperature

ThisSOP describesthe procedurefordeterminingthe specificconductance(conductivity)and temperature
of a water sample usingthe YSI Model 33 SCT Meter. Conductance,or conductivity,is a measure of the
ease of flowof electriccurrent,and is the inverse(reciprocal)of resistivity. The term specificconductance
(SpC), sometimesreferredto simplyas "conductivity,"is defined as the electricalconductance that would
occurthroughthe water betweenthe facesof a 1-cmcubeof the water. SpC is usuallyreportedin unitsof
pmhos/cm,which has recentlybeen renamed microsiemensper centimeter(pS/cm). By measuringthe
specificconductanceof a water sample in the field, one can estimatethe total dissolvedsolids (TDS)
concentrationof thewater usingtheapproximateconversionTDS = 0.6 x SpC. BecausetheSpC of a water
allowsrapiddeterminationof TDS (salinity),SpC is probablythe singlemostusefulwaterqualityparameter.

The conductanceof watercontainingdissolvedionsincreaseswithincreasingtemperatureofthewater. The
temperaturedependence varies for differentwaters and is dependenton the type and concentrationsof
dissolvedions, but an approximaterule of thumbis that SpC increases2% per °C temperature increase.
For quantitative comparison of SpC values measured on different water samples at different field
temperatures,it is necessaryto correctall valuesto theSpC at 25°C. Formostqualitativework, however,
this is unnecessary. Whetheror nottemperaturecorrectionsare to be applied,the SpC value as measured
at field temperature should always be recorded in the field logbook(see Section 13.2.6 of the DBS&A
OperationsManual),alongwiththe temperatureofthewatersampleatthe timethe measurementwas made.

The followingequipmentis neededto measureSpC in the field:

• YSI Model 33 SCT Meter & probe
• Spare D-cell batteries
• Beaker for water sample
• Deionized water in squirt bottle
• KCI conductivity standard solution

3230_SECTION 13_13-5-3
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The followingprocedure shall be used to measure SpC in the field:

1. Verify that the meter needle rests on zero prior to turning on the meter. If not, adjust it to zero using
the set screw on the face of the meter movement.

2. Calibrate the meter by turning the MODE switch to REDLINE and adjusting the REDLINE control
knob until the needle lines up with the small red line on the meter scale. (If unable to calibrate meter,
replace the batteries.)

3. Plug in probe cable, and insert gray plastic probe into water sample. Allow at least one minute for
temperature equilibration of probe.

4. Set MODE control to TEMPERATURE and record the temperature of the water sample in the field
logbook. (Note that the temperature scale is at the bottom of the meter face and that the values
decrease to the right)

5. SwitchtheMODE controlto the conductivitysettingthatgivesthemaximumneedledeflectionwithout
goingoffscale(X100, X10, or X1). Do notallowthe probeto touchthe sidesor bottomof thebeaker
when making a measurementbecause this can result in a low reading.

6. Recordthe SpC value, rememberingto multiplythe meter readingby the appropriatefactor if using
the X10 or X100 settings.

7. Rinsetheprobewith deionizedwaterpriorto makinganothermeasurementor puttingthe instrument
away.

Other informationaboutthe YSI Model 33 SCT Meter may be needed occasionally:

• The probe preferablyshouldbe stored in deionizedwater between uses during each day of field
work. If the probehas been storeddry, it is recommendedthat it be soakedin deionizedwater at
the start of the day priorto makingany measurements.This is not absolutelyessential,however.

• The SALINITY mode will not ordinarilybe used unlessdealingwith brinesor other samples with
salinityof seawateror above. The TEMPERATURE potentiometeronlyfunctionsinSALINITY mode;
it does nothingwhen operatingin SpC mode and cannotbe usedto correctSpC values to 25°C.

• To test probeoperation,press the CELL TEST buttonwhilemeasuringthe SpC of a water sample
on the X10 or X100 scales. If the probe is functioningproperly, the meter reading shouldnot fail
more than 2% when depressed. If the meter reading falls more than 2%, notifythe equipment
technicianthat the probeneeds attention.

• The meter and probe shouldbe periodicallychecked againsta standardpotassiumchloride(KCI)
solutionto verify proper internalcalibration.To do so, immersethe (clean)probe inthe KCIstandard,
andrecordthe temperatureandSpC valuesas describedabove. Check thatthe SpC value iswithin

3230kSECTION 13k13-5-3
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:t:5% of the nominal SpC value for that particularKCI solutionat that temperature. Record the
observedvalue and the nominalvalue (fromlabel on bottle) in the field logbook.

3.2 pH

Thissectiondescribesthe procedurefordeterminingthepH of a water sampleusingthe Orion Model250A
pH/mV meterwithautomatictemperaturecompensation.Calibrationof the meteris performedat leastdaily
usingtwo buffer solutionsthat bracketthe samplepH. A temperaturesensoris includedon the pH probe
to make the minorcorrectionfromthesampletemperatureto 25°C. For informationon manualtemperature
correction, refer to meter instructionmanual. The Orion 250A can also be used in millivoltmode with a
variety of ionselectiveelectrodes(referto ISE SOPs).

The followingequipmentis needed to measurepH in the field:

• Odon Model250A pH meter
• Buffersolutions(pH 4.01, 7.00, 10.00)
• Spare 9-volt battery
• Beaker forwater sample
• Deionizedwater in squirt bottle

The followingprocedureshallbe used to measurepH in the field:

1. Plugthe pH probeand thermistor(ATC) intothe appropriatejacksof the meter.

2. Insertbattery(if necessary),and pressthe powerbuttonto turn on the meter.

3. If the meteris notalready in pH mode as indicatedby the caret at the bottomof the display,press
the mode button to selectpH mode.

4. Rinse the probewith deionizedwaterto removeany dried KCIsalts, andslidethe siliconerubber
sleeve downto expose the electrolytefillhole. Leavetheholeuncoveredduringmeasurement,but
do not allowthe hole to be submergedinthe sample.

5. Removethe plasticendcap on the probe,rinsethe tip of the probe indeionizedwater, and insert
the probe in the pH 7.0 buffer.

6. Press "2nd," then "Cal" to put the meter in calibration mode. The word "calibrate" should appear
on the display, and the designation "PI" indicates that the meter is ready for the first buffer
calibration.

7. Stir the probe gently in the pH 7.0 buffer solution. When the reading has stabilized, the meter will
beep and the word "ready" will appear. Press "yes" to accept the reading and set the pH 7.0
calibration. "P2" will be displayed, indicating that the meter is ready for the second buffer solution.
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8. Rinse the probe with deionized water, and insert it in the pH 4.0 buffer. (If the pH of the water
sample is anticipatedto be >7, then substitutethe pH 10.0 buffer.)

9. When the meter indicates"ready,"press"measure"to acceptthe pH 4.0 calibration.The slopeof
the calibrationcurve will be displayedbriefly. Recordthe slope in the field logbook. The slope
value shouldbe withinthe rangeof 90 to 110. If not,repeatthe calibrationprocedure. The meter
will automaticallyexitthe calibrationmode, and theword "measure"willbe displayed.

10. Rinse the probeand insertit intothe water sampleto be measured. Stir gentlywhilewaitingfor
the word "ready"to appear. Recordthe pH value in the field logbook.

11. If more measurementsare to be made, rinse the probe and store temporarilyin a beaker of
deionized water. If finishedfor theday, turnthe meteroff, rinsethe probe,disconnectthe plugs,
and store the probe with a few millilitersof the KCI electrodestorage solutioninsidethe black
plasticend cap.

3.3 Alkalinity

This sectiondescribesthe proceduresfor determiningthe total alkalinityin near-neutralpH, high-alkalinity
water samples (most groundwaters) usingthe Hach Test Kit. For informationon the procedurefor low-
alkalinitysamples or highpH samples(pH>8), refer to the Hach instructionsheet.

The followingequipmentis neededto determinetotal alkalinityin the field:

• Hach AlkalinityTest Kit

The followingprocedureshallbe usedto determinetotal alkalinityin the field:

1. Fill the small plastictest tube withthe water to be tested.

2. Pour the contentsof the test tube intothe square glassbottle.

3. Add the contentsof one foilpacket containingthe Bromcresol GreenMethyl Red colorindicator.
The water will turn a dark green.

4. Carefully begin addingthe standardsulfuricacidtitrantdropwiseusingthe eye dropper,counting
the number of drops added and swirlingto mix the solution. Keep the eye droppernearlyvertical
to maintaina constantdropvolume.

5. When the solutionbeginsto changefromgreento red, slowdown. The titrationis completewhen
the solutionis a brightpinkcolor.

6. Recordthe total numberof drops added. Multiplythe numberof dropsby 20 to obtain the total
alkalinity, reported as mg/L of CaCO3.
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3.4 Oxidation-Reduction Potential (Eh)

This sectiondescribesthe procedurefordeterminingoxidationreductionpotentialof water in the fieldusing
an electrode.

The followingequipmentis neededto measureEh inthe field:

• Yellow Oxidation-ReductionPotential(ORP) Electrode
• Orion Model 250A pH/mV meter or YSI Model3500 flow-thrucell meter
• StandardZobell solution

The followingprocedureshouldbe usedto measureEh in the field:

1. Plug the BNC connectorintoan Orion250A pH/mV meter (orYSI 3500 meter).

2. Turn on the meter. If usingthe Orion250A, use MODE key to set meterto "mV"mode (not tel
mV). If usingthe YSI 3500, turnthe blackknobto "mV".

3. Check probe operationby immersingit in a disposablebeaker with ZobellSolution. The reading
should be :1:10 mV of that listedon the tablewith the Zobell Solutionat the temperatureof the
solution(e.g., 231 mV at 25° C).

4. Rinse theprobeand immerseit intheground-watersample. Followingstabilization,recordthe mV
value, along with a + estimate to indicate the stability of the meter. Also record the sample
temperature.

3.5 Dissolved Oxygen (DO)

This sectiondescribesthe procedurefor determiningthe dissolvedoxygen(DO) concentrationusing the
YSI Model 57 DO meter. The meter is calibratedusingthe air calibrationprocedure,with correctionsfor
ambienttemperatureand altitude/barometricpressure. Refer to the instructionmanualfor detailsof meter
operationand replacementof the probemembrane.

The followingequipmentis neededto measuredissolvedoxygen in the field:

• YSI Model57 DissolvedOxygenMeter
• Beaker forwater sample
• Deionizedwater in squirtbottle
• Means of determiningthe approximatealtitudeof the site (topemap, altimeter,etc.)

The followingprocedureshallbe usedto measuredissolvedoxygen in the field:

1. Turn the meter on approximately15 minutesbefore measuringsamplesto allow the probe to
polarize. The probe shall be kept in the clear plasticcover. Add a few dropsof deionizedwater
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to the small sponge insidethecover to maintain100% relative humidityaroundthe tip of the probe
dudng storage.

2. Set the salinity knobto "fresh" for normalgroundwaters, or adjust to the appropriatesalinity if
brackishor salinewatersare to be measured(as determinedby specificconductanceor previous
laboratoryanalysis).

3. Set the zero on the meterbyturningthe switchto ZERO andadjustingthe zero potentiometeruntil
the needle falls on zero.

4. Set the red line on the meter by turningthe switchto RED LINE and adjustingthe appropriate
potentiometer.

5. With the probe still in its cover, set the switchto TEMPERATURE and note the ambient air
temperaturedisplayedon the meter.

6. Determine the maximum (sea level) dissolvedoxygen concentration(mg/L) possible for that
temperatureby referringto the table on the back of the DO meter (alsoin the instructionmanual).
Note thisvalue in the field logbook.

7. Determinethe approximatealtitudeof thesite, and findthe appropriatealtitudecorrectionfactoron
the table on the back of the meter (alsoin the instructionmanual).

8. Multiply the saturatedDO concentrationdetermined in Step 5 by the altitude correctionfactor
determined in Step 6. Note the value in the field logbook. This is the correctedsaturated DO
concentration(corrected for both temperatureand altitude). Calibrationshould be periodically
checkedduringthe day as the temperaturechanges,and adjustedif necessary.

9. Switch the meter to the appropriatemeasurementscale for the corrected DO concentration
determinedin Step 7 (e.g., 0-10 mg/L scale), and use the CALIBRATE knob to air calibratethe
meter by adjustinguntilthe needle falls onthe valuedeterminedin step8. The meteris nowready
to measurewater samples.

10. Rinse the probewith deionizedwater, and insertit in the water sample and stir gently. Set the
switchto TEMPERATURE, and recordthe readinginthe field logbook.

11. Set the switchto the appropriateDO scale (e.g., 0-5 mg/L) to keep the needle on scale, and stir
gently until a stable reading is obtained. It is important to be stirring the sample when the actual
reading is taken. Record the value in the field logbook.

12. The probe may be stored temporarily in deionized water between measurements. When finished
for the day, rinse the probe, and store with the dampened sponge in the plastic cap.
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1. PURPOSE

The following SOP defines activities to be completed for the collection of ground-water samples.

2. SCOPE

This procedure is applicableto all DBS&A employees,itscontractorsand subcontractors,when collecting
ground-watersamples.

3. PROCEDURES

3.1 Wellhead Preparation

Priorto ground-watersample collection,the followingwellheadprotectionactivitiesshall be conducted:

1. Inspect the area around the well for wellhead integrity, cleanliness, and signs of possible
contamination.

2. Spread a clean plasticsheet over the groundaroundthe wellhead,where required.

3. Remove the cap on the wellhead. Note any obviousodorswithinthe wellborein the field logbook.

4. If possible,measurethestaticwater level(see Section13.6.1 of theDBS&AOperationsManual)prior
to initiationof water sampling. Clean the steel tape or electricalsounder used for water level
measurementafter each use,as describedinSection13.5.2of theOperationsManual,to avoidcross
contamination.

5. If floatingproduct(e.g., gasoline)is suspectedat the site, conductthe followingprocedures:

• Use a bailerto extracta sample fromthe surfaceof thewater withinthe well, if possible.

• After an initialvisualinspection,slowlypourthe fluidfrom the bailerintoa smalltubor container
in orderto checkfor a sheenor any othersignof free product. Note any obviousodorsin the
field logbook.

• If free product is detected, use the bailer to removeas much free product as is possible from the
wellbore. Lower the bailer into the water slowly in order to prevent mixing and volatilization.
Contain all recovered product for proper disposal and note the quantity of product removed in the
field logbook.

• If the site has not been previously sampled, a sample of the free product may be desired.
Consequently, place some of the product in an unpreserved 40-mL glass V©A vial, and store it
away from the other samples. Confirm sample analysis with the project manager.
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• After any free product has been removed from the wellbore, spread a fresh plastic sheet around
the wellhead, and clean all contaminated equipment, or segregate it from the other equipment.

3.2 Well Purging

The purpose of purging the well prior to sampling is to remove stagnant water from the well bore so that a
representative ground-water sample can be collected. The method of purging can have a pronounced effect
on the quality of the ground-water sample. For example, rapid purging may increase sample turbidity and
is, therefore, not recommended.

In general, positive displacement (bladder) pumps are preferred for most sampling situations. However,
depending on the hydraulic conductivity of the aquifer to be sampled and the project objectives, wells may
either be equipped with dedicated pumps or may need to be purged with bailers. Consequently, purging
techniques may vary depending on the aquifer conditions, the presence or absence of a dedicated pump,
and the proposed sample analytes.

The optimum amount of water to be purged from each well also varies between sites. According to
Barcelona et al., 1985, pg. 47, "The number of well volumes to be pumped from a monitoring well prior to
the collection of a water sample must be tailored to the hydraulic properties of the geologic materials being
monitored, the well construction parameters, the desired pumping rate, and the sampling methodology to be
employed."

Site-specific purging procedures shall be prepared for each site. The following purging procedure can be
used as a general guideline:

1. Calculate the volume of water standing in the casing by using the formula:

V = _r2L

where
r = the radius of the casing (remember to convert inches to feet)
L = the length of the water column (total depth of well minus the static water level)

2. Purge the well at a rate equal to or greater than the sampling rate.

3. Measure applicable field parameters (see Section 13.5.3 of the Operations Manual) at the pump
outlet at a minimum after each 0.5 casing volume is pumped. Purging is generally considered
complete when the above parameters are approximately stable over at least one casing volume.
Wherever possible, purge a minimum of three (3) casing volumes from each well.

4. In low permeability formations, it may not be possible to purge three casing volumes before the well
goes dry. When the formation permeability is too low to allow for continuous purging, remove all of
the standing water in the well by pumping or bailing. As soon as the well has recharged sufficiently,
collect a sample so as to minimize volatilization in the wellbore.
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5. Contain all fluid from obviously contaminated or potentially contaminated wells for later disposal.
Anomalous values for the above field parameters, odor, visible sheen, or the presence of free product
may be taken as signs of contamination. Results of previous water sampling events will be consulted
when available.

6. Take careful notes in order to document all purging procedures. The notes shall include: date, time,
name(s) of sampler(s), weather, purge rate, purge method, field parameters (at each time measured,
with corresponding purge volume), visual observations, odor, and any other relevant information.

The following guidelines as outlined in pertinent references on water sampling can be used when developing
site-specific purging procedures:

• Pg. 103 of the EPA RCRA Technical Enforcement Guidance Document (TEGD) states, "in low yield
formations, water should be purged so that it is removed from the bottom of the well." (NWWA,
1986).

• Pg. 103 of the TEGD also states "Whenever a well is purged to dryness, a sample for field
parameters should be collected as soon as the well has recovered sufficiently. A second
measurement of field parameters should be made immediately after sampling. Do not pump a well
to dryness if it causes formation water to cascade down the well." (Ibid).

• The inlet line of the sampling pump or the submersible pump should be placed near the bottom of
the screen section, and pump approximately one well volume of water at the well's recovery rate, and
then collect the sample from the discharge line (EPA 1977, pg. 211).

• According to Wehrmann (1984), "For high yielding monitoring wells which cannot be pumped to
dryness, bailing without pre-pumping the well is not recommended; there is no absolute safeguard
against contaminating the sample with stagnant water." The following procedures should be used:

Place the inlet line of the sampling pump just below the surface of the well water, and pump three
to five volumes of water at a rate equal to the well's recovery rate. This provides reasonable
assurance that all stagnant water has been evacuated and that the sample will be representative of
the groundwater body at that time.

• Wehrmann (1984) further states, "The rate at which wells are purged should be kept to a minimum.
Purging rates should be lower than development rates so that well damage does not occur. Pumping
at very low rates in effect, isolates the column of stagnant water in the well bore and negates the
need for its removal, if the pump intake is placed at the top of, or in, the well screen. This approach
can be very useful when disposal of purge water is a problem."

• If a well completed in a highly permeable formation is being purged, it may be useful to periodically
move the intake of the purge pump during purging so that stagnant water does not remain in the well
bore while fresh water comes in at only one level (Scalf et al., 1981, pg. 44).
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3.3 Ground Water Sample Collection

The following procedure shall be used to collect ground-water samples:

1. If the well is not equipped with a sampling pump, use only teflon or stainless steel bailers for
sampling. In order to minimize agitation and volatilization, bailers shall be equipped with bottom
emptying devices when VOA samples are collected.

2. Whenever possible, collect ground-water samples first from wells that have the lowest potential
concentrations of analytes of interest, and last from the wells with the highest suspected
concentrations (i.e., clean --->dirty). The specific sampling order will be detailed in the site-specific
sampling plan.

3. Pumps equipped with Teflon tubing or disposable teflon bailers are generally recommended for
collection of samples to be analyzed for volatile organics.

4. Select the appropriate sample container and preservative as described in Section 13.5.6.

5. After the well has been purged, collect water samples as soon as possible in order to reduce the
possibility of volatilization within the wellbore. If a pump has been used for purging, lower the pump
rate so that the sampling rate is lower than the purge rate. If volatile organic samples are to be
collected, set the pump at the lowest possible setting. If possible, the sampling rate should be less
than 100 ml per minute, or the minimum setting on the pump.

6. Collect samples in decreasing order of volatility, i.e. collect samples to be analyzed for volatile
organic compounds (VOCs) first, followed by semi-volatile organic compounds, PCBs and
pesticides, and inorganics. The preferred order of sampling according to the TEGD is VOCs,
SVOCs, purgeable organic halogens (POX), total organic halogens (TOX), total organic carbon
(TOC), extractable organics, total metals, dissolved metals, phenols, cyanide, sulfate and chloride,
turbidity, nitrate and ammonia, and radionuclides.

7. Do not allow the outlet of the sampling pump discharge tubing to come into direct contact with the
sample vial or the water within the vial.

8. Make sure that no air is entrapped in the sample vials to be analyzed for volatile organics. Take
the sample by holding the vial at an angle so that aeration is minimized. Avoid touching the lip of
the vial or the Teflon liner. If the sample cannot be transferred directly to the vial, (i.e. high
production well) use a clean stainless steel cup to pour the water into the vial. Direct the water
stream against the inside surface of the vial. Allow a convex meniscus to form across the mouth
of the filled vial. Carefully cap the vial, then invert and tap the vial to insure that no entrapped air
is present. If entrapped air is present, recollect the sample.

9. If filtering of any samples is required by the site specific sampling plan, use the filtering procedure
described in Section 13.5.7.
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10. Preserve the sample as indicated in Section 13.5.6. Whenever possible, use pre-preserved
containers supplied by the analytical laboratory rather than adding preservatives in the field.

11. Measure field parameters as described in Section 13.5.3. Temperature, electrical conductivity, and
pH generally will be measured at all locations. Alkalinity, dissolved oxygen, and Eh will be
measured only as required by the site specific sampling plan.

12. If the sample is to be collected from a domestic well or location other than a monitoring well, it may
be necessary to clean the sampling port prior to sample collection (e.g., an outside hose bib or an
inside water facet). Flush the faucet/line by allowing it to run for a minimum of five minutes.

13. Collect samples from domestic wells downstream of water softeners or chlorinators or in-home
filters that modify water quality. However, if the objective of the domestic sampling is to evaluate
the ground water prior to treatment, the samples may be taken upstream of such devices.

14. Record all pertinent information in the field notebook. Data to be recorded include the date and
time of sample collection, climatic conditions at the time of sampling, well sampling sequence, types
of sample containers used, sample identification numbers, field parameter data, name(s) of
collector(s), deviations from established sampling protocol (e.g., equipment malfunctions), purpose
of sampling (e.g., surveillance, compliance), and collection of quality control samples.

4. REFERENCES

• Barcelona, Michael J., James P. Gibb, John A. Helfrich and Edward E. Garske. 1985. Practical
Guide for Ground-Water Sampling. Prepared in cooperation with RSKERL, Ada, Oklahoma. SWS
Contract Report 374. DBS&A #560/BAR/1985.

• EPA. 1977. Procedures Manual for Ground Water Monitoring at Solid Waste Disposal Facilities,
Manual SW-611. DBS&A 560/EPA.

• NWWA. 1986. RCRA Ground Water Monitoring Technical Enforcement Guidance Document

(TEGD). DBS&A #700/NWWA/1986.

• Scalf, Marion R., James F. McNabb, William J. Dunlap, Roger L. Cosby, and John S. Fryberger.
1981. Manual of Ground-Water Quality Sampling Procedures. Robert S. Kerr Environmental
Research Lab, ORD, U.S. EPA, Ada Oklahoma. NWWA/EPA Series. DBS&A #1220/SCA/1991.

• Wehrmann, H. Allen. 1984. An Investigation of a Volatile Organic Chemical Plume in Northern

Winnebago County, Illinois. SWS Contract Report 346. ENR Document No. 84/09. Illinois
Department of Energy and Natural Resources, State Water Survey Division, Champaign, IL.
DBS&A #940/WEH/1984.
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Daniel B. Stepherls /_'ystems.O_erations Manager

3230\SECTION 13\13-5-4



_] DANIEL B. STEPHENS & ASSOCIATES, INC.ENVIRONMENTALSCIENTISTSAND ENGINEERS

Procedure

Collection of Surface Water Samples
Effective 05/07/93 • Supersedes n/a • Page 1 of 2 SECTION 13.5.5

1. PURPOSE

The following SOP defines activities to be completed for the collection of surface water samples.

2. SCOPE

This procedure is applicable to all DBS&A employees and its contractors and subcontractors when collecting
surface water samples.

3. PROCEDURES

A site-specific water sampling plan shall be prepared to define surface water sampling locations and
procedures that are unique to each site. The following general procedure shall be followed for collection of
surface water samples:

1. Select the water sampling location. Collect spring samples as close to the source as possible. Do
not collect spring or stream samples from stagnant pools; collect these samples from free running
locations if possible. The selection of the optimum sampling locations should be based on the
objectives of the site-specific sampling plan.

2. Whenever possible, make a discharge measurement at the time of water sampling. If it is not
possible to gauge the surface water discharge (see Section 13.9 of the DBS&A Operations Manual),
make an estimate, and describe the procedure used to estimate the discharge in the field logbook.

3. Collect surface water samples as "grab" samples unless a depth integrated sampler or other
procedure is required in the site specific sampling plan.

4. If the surface water is frozen, ice samples should not be taken in lieu of water samples.

5. Select the appropriate container as described in Section 13.5.6 of the Operations Manual.

6. For non-volatile analytes, dip a clean unpreserved container directly into the surface water, and
partially fill the container. Swirl and rinse the container, and then discard the water.

7. Rinse the container two more times.

8. Fill the container with surface water.

9. Collect samples in decreasing order of volatility, i.e. collect samples to be analyzed for volatile
organic compounds (VOCs) first, followed by semi-volatile organic compounds (SVOC), PCBs and
pesticides, and inorganics. The preferred order of sampling according to the TEGD is VOCs,
SVOCs, purgeable organic halogens (POX), total organic halogens (TOX), total organic carbon
(TOC), extractable organics, total metals, dissolved metals, phenols, cyanide, sulfate and chloride,
turbidity, nitrate and ammonia, and radionuclides.
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10. Make sure that no air is entrapped in the sample vials to be analyzed for volatile organics. Take
the sample by holding the vial at an angle so that aeration is minimized. Avoid touching the lip of
the vial or the Teflon liner. If the sample cannot be collected directly from the water source, use
a clean stainless steel cup. Direct the water stream against the inside surface of the vial. Allow
a convex meniscus to form across the mouth of the filled vial. Carefully cap the vial, then invert

and tap the vial to insure that no entrapped air is present. If entrapped air is present, recollect the
sample.

11. If filtering of any samples is required by the site specific sampling plan, use the filtering procedure
described in Section 13.5.7 of the Operations Manual.

12. Either add preservatives directly to the container as described in Section 13.5.6 of the Operations
Manual, or transfer the sample to a pre-preserved container. If transferring the sample between
containers, pour the water slowly from the glass bottle or cubitainer to the sample container.

13. Fill a clean beaker or other appropriate container with surface water for field parameter
measurement as discussed in Section 13.5.3 of the Operations Manual. Temperature, electrical

conductivity, and pH generally will be measured at all locations. Alkalinity, dissolved oxygen, and
Eh will be measured only as required by the site-specific sampling plan.

14. Carefully document the surface water sampling location. Photographs of the sampling location
should be taken from several locations if possible. Describe each photograph along with the photo
number in the log book (e.g., photo #5-Upstream (south) view of location # SPG-014, taken from
the west bank). Also include the time, date, and the name of the photographer in the log book, and
transfer this information to the back of photograph when it is received. In addition, provide a
detailed written description of the sample location in the log book.

15. Record all pertinent information in the field notebook. Data to be recorded include the date and
time of collection, climatic conditions at the time of sampling, well sampling sequence, types of

sample containers used, sample identification numbers, field parameter data, name(s) of
collector(s), deviations from established sampling protocol (e.g., equipment malfunctions), purpose
of sampling (e.g., surveillance, compliance), and collection of quality control samples. Also note
any obvious stress to vegetation, which may be a result of contamination.

by

Prepared by: _r,.,,,.._ _ "/_._ Reviewed _Quality_ssurance Manager

Approved by: _f_-S_ -'_/_ Reviewed USys_perations Manage

by__"_ _ r
Daniel B. Stept_ens
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1. PURPOSE

The following SOP defines activities to be completed to properly preserve a water sample for shipment to
an analytical laboratory for analysis.

2. SCOPE

This procedure is applicable to all DBS&A employees and itscontractors and subcontractors when preserving
water samples in the field.

3. PROCEDURES

Table 13.5.6-1 of this SOP lists recommended containers, preservatives, and holding times for individual
analytes or analytical methods. The suggestions for sample storage and preservation presented are intended
to serve as general guidelines. The analytical laboratories shall be consulted for the proper preservation and
storage procedure for the analytical methods that will be used (e.g., this guideline recommends preservation
of volatile organic samples with hydrochloric acid (HCI), but some laboratories require preservation with
mercuric chloride).

Samples for volatile organics analysis (EPA 602, 624 or 8020) shall be collected in pre-cooled, pre-acidified,
certified-clean 40 ml borosilicate vials with teflon septum caps supplied by the analytical laboratory. Samples
to be analyzed for other constituents should be collected in appropriate containers as listed in Attachment 1
to this SOP.

4 AI-FACHMENTS

• Table 13.5.6-1, Container/Preservative Reference Chart (5 sheets)

 re0are, .ev,ewe0
L,."" " / /(_uality_ssurance Manager

/___ Reviewed b_=:_--_'--_,_ "_ (/'_.?______rApproved by: _'_Dani _S'ystems/C_erations Manage
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TABLE 13.5.6-1. CONTAINER/PRESERVATIVE REFERENCE CHART
General/Inorganic Chemistry

Analysis Container Preservative Container iHolding Time
(Chill to 40_C) (From Sampling Date)

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:;:::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ==================================:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Alkalinity 4 oz. Plastic Unpreserved N/A 14 days N/A

Ammonia (NHz) 4 oz. Plastic .25 ml H2SO4A 4 oz. jar 28 days 28 days

;BOD 16 oz. Plastica Unpreserved N/A 48 hr. N/A

Boron 4 oz. Plastic Unpreserved 4 oz. jar 28 days 28 days

Bromide 16 oz. Plastic Unpreserved 8 oz. jar 28 days 28 days

Chloride 4 oz. Plastic Unpreserved 8 oz. jar 28 days 28 days

COD 4 oz. Plastic .25 ml H2SO4A 4 oz. jar 28 days 28 days

Color 4 oz. Plastic Unpreserved N/A 48 hr. N/A

Cyanide 4 oz. Plastic 2 ml 1.5N NaOH a 4 oz. jar 14 days No
(total and/ Specified
or amenable) Time

Electrical Conductivity 4 oz. Plastic Unpreserved 4 oz. jar 28 days 28 clays

Flashpoint 8 oz. Amber Glass Unpreserved 8 oz. jar 28 days 28 days
w/Septum a

Fluoride 4 oz. Plastic Unpreserved 4 oz. jar 28 days 28 days

Formaldehyde 1 L Glass 1% Methanol 4 oz. jar 28 days-Pres. 28 days
7 days-Unp.

General Minerals

• General Minerals 1 L Plastic Unpreserved 16 oz. jar 28 days 28 days
• NO 3 14 oz. Plastic .25 ml H2SO4A
• Metals 16 oz. Plastic 1 ml HNO3_

Gross Alpha/Beta 1 L Plastic 2 ml HNO3_ _4 oz. jar 6 mo. 6 mo.

Hardness 4 oz. Plastic Unpreserved N/A 28 days N/A

Hexavalent Chromium 16 oz. Plastic Unpreserved 4 oz. jar 24 hr. 28 days
(CR*8)

A - Typicalvolumeneededto bringthe pHto<2
- Headspacefree

•.; - Typicalvolumeneededto bringthepHto>12
D - Typicalvolumeneededto bringthepHto>9
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TABLE 13.5.6-1. CONTAINER/PRESERVATIVE REFERENCE CHART (CONTINUED)
General/Inorganic Chemistry

Analysis Container Preservative Container Holding Time
(Chill to 40"C) (From Sampling Date)

=======================================================:::::::::::.::::::: :::::.::::: :::;:::::::::::::::::::T';:;:::;;; :;;: ........... ::

Iodide 4 oz. Plastic Unpreserved 4 oz. jar 24 hr. 28 days

Nitrate/Nitrite

(NO3/NO2) 4 oz. Plastic .25 ml H2SO4A 4 oz. jar 28 days 28 days
• NO 3 4 oz. Plastic Unpreserved 4 oz. jar 48 hr. 28 days

Odor 4 oz. Glass Unpreserved N/A 48 hr. N/A

Oil & Grease 1 L Glass 2 ml H2SO4A 4 oz. jar 28 days 28 days

418.1 1 L Glass 2 ml H2SO4A 4 oz. jar 28 days 28 days
(TPH by IR)

pH 4 oz. Plastic Unpreserved 4 oz. jar immediately 14 days

Phenolics 4 oz. Amber Glass .25 ml H2SO,A 4 oz. jar 28 days 28 days

Phosphorus
• Total (P) 4 oz./8 oz. Plastic .25 ml/.5 ml H2SO4A 4 oz. jar 28 days 28 days

Phosphorus
• Ortho (PO4) 4 oz./8 oz. Plastic Unpreserved 4 oz. jar 48 hr. 28 days

(Filtered)

Silica 4 oz. Plastic Unpreserved 4 oz. jar 28 days 28 days

Solids (Residue)
• Total dissolved 16 oz. Plastic Unpreserved N/A 7 days N/A

• Total suspended 16 oz. Plastic Unpreserved N/A 7 days N/A
• Total settleable 1 L Plastic Unpreserved N/A 48 hr. , N/A
• Total solids 16 oz. Plastic Unpreserved N/A 7 days N/A

Specific Gravity 4 oz. Plastic Unpreserved 4 oz. jar 28 days 28 days

Sulfate 4 oz. Plastic Unpreserved 4 oz. jar 28 days 28 days

Sulfide 4 oz. Plastic 6 drops-2N Zn acetate N/A 7 days N/A
& 8 drops 6N NaOH °

Sulfite 4 oz. Plastic 1 ml EDTA N/A 28 days-Pres. N/A
6 hr.-Unp.

A - Typicalvolumeneededto bringthepH to <2
3 - Headspacafree
C - Typicalvolumeneededtobringthe pHto>12
D -Typicalvolumeneededtobringthe pHto>9
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TABLE 13.5.6-1. CONTAINER/PRESERVATIVE REFERENCE CHART (CONTINUED)
General/Inorganic Chemistry

Analysis Container Preservative Container Holding Time

(Chill to 40°C) (From Sampling Date)

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ...:.:. :::::::::::::::::::::: ;: - :::::::::::::::::::::::::::::::::::::::::::::

iSurfactants (MBAS) 1 L Plastic Unpreserved N/A 48 hr. N/A

Total Coliform 8 oz. Glass or 0.008% Na2S203 N/A 6-8 hr. N/A
Polypropylene (Sterilized)

TKN 4 oz. Plastic .25 ml H2SO4A 4 oz. jar 28 days 28 days

(Kjeldahl Nitrogen)

Total Organic 4 oz. Amber Glass .25 ml H2SO4A 4 oz. jar 28 days 28 clays
Carbon (TOC) w/Septum a

Total Organic 8 oz. Amber Glass .5 ml H2SO4A 4 oz. jar 7 days No
Halide (TOX) w/Septum B Specified

Time

Total Radium 1 L Plastic 2 ml HNO3A'c 4 oz. jar 6 mo. 6 mo.

Turbidity 4 oz. Plastic Unpreserved N/A 48 hr. N/A

A - Typical volume needed to bring the pH to <2
- Headspace free

C - Typical volume needed to bring the pH to >12
D - Typical volume needed to bring the pH to >9
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TABLE 13.5.6-1. CONTAINER/PRESERVATIVE REFERENCE CHART (CONTINUED)
Organic Chemistry

Container
(Glass- end
Teflon.lined

Container c=psonly -
(Glass-and Teflon- Preservative Chill to Holding Time

Analysle lined cal_ only) 'Chill to 40=C) 40PC) 'From sampling date)

:::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ............................... :._..:...................... :............... :....: ............

8010/8020 3X VOA^ 3 drops HCI e 4 oz. jar 14days-Pres.,7 days-Unp. 14daysuntilAnalysis
• 8010 3X VOAA 3 drops HCIe 4 oz. jar 14days 14daysuntilAnalysis

14 days-Pres., 7 days-Unl0. 14 days until Analysis

• 8020 3X VOA^ 3 drops HCfe 4 oz. jar 14days-Pres..7 days-Unp. 14daysuntilAnalysis
• BTXE 3X VOAA 3 drops HCIe 4 oz. jar

Modified 8015 i4 oz. Amber Glass .25 ml HCI e 4 oz. jar 14daysuntilAnalysis 14daysuntilAnalysis

(TPH) w/Septum A
• Gasoline Range 2X VOA 3 drops HCP 4 oz. jar 14daysuntilAnalysis _14daysuntilAnalysis14 days until Extraction 14 days until Extraction

• Diesel Range 4 oz. Amber Glass .25 ml HCI s 4 oz. jar 40daysafterExtractionuntilAnalysis 40daysafterExtractionuntilAnalysis
w/Septum ^

8240 2X VOA 3 drops HCI e 4 oz. jar 14days-Pres..7 days-Unp. 14daysuntilAnalysis

EDB 1 L Glass Unp. 8 oz. jar 2a days until Analysis 28 days until Analysis

8040 1 L Glass Unp. 4 oz. jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extracbon until Analysis 40 days after Extraction until Analysis

8080 2 x 1 L Glass Unp. 4 oz. jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extraction until Analysis 40 days after Extraction until Analysis

810018310 1 L Amber Glass Unp. 4 oz. jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extraction until Analysis 40 days after Extraction until Analysis

8140 1 L Glass Unp. 4 oz. jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extraction until Analysis 40 days after Extraction until Analysis

8150 1 L Glass Unp. 4 oz, jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extraction until Analysis 40 days after Extraction until Analysis

Modified 619 1 L Glass Unp. 4 oz. jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extraction until Analysis 40 days after Extraction until Analysis

8270 2 x 1 L Glass Unp. 4 oz. jar 7 days untilExtraction 14 days untilExtraction
40 days after Extraction until Analysis 40 days after Extraction until Analysis

Modified 632 1 L Glass Unp. 4 oz. jar 7 daysuntilExtraction 14daysuntilExtraction
40 days after Extraction until Analysis 40 clays after Extraction until Analysis

TCLP
• Volatiles N/A N/A 4 oz. jar N/A 14daysuntilExtraction

(zero headspace 14 days after Extraction until Analysis

extraction) 14 days until TCLP Leaching

• Non-Volatiles N/A N/A 16 oz. jar N/A

A - Headspaca free

B - Typical amount to bring the pH to <2
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TABLE 13.5.6-1. CONTAINER/PRESERVATIVE REFERENCE CHART (CONTINUED)
Metals

Analysis Container Preservative (FromSampling Date)

',.il.i
Metals (1 or more metals)

• Total 16 oz. Plastic I-ml HNO3A 6 mo. (28 days-Hg)

• Dissolved 16 oz. Plastic I-ml HNO3^ 6 mo. (28 days-Hg)
• Filtered in Field

• Not Filtered 16 oz. Plastic Unpreserved 6 roD. (28 clays-Hg)
(Specify "To be lab filtered")

• Organic Lead 8 oz. Amber Glass (Glass Only) Unpreserved 14 days until Analysis
w/Septum (Headspace Free) Chill to 4°C (laboratory recommended)

• Hexavalent Chromium (Cr_e) 16 oz. Plastic Unpreserved 24 hr.

Metals (1 or more metals)

• Total 4 oz. jar 6 mo.

• Soluble

• EP Toxicity 8 oz. jar 6 mo.

• WET 8 oz. jar 6 mo.

• TCLP (see also Organic 8 oz. jar 6 mo.
Chemistry)

• Hexavalent Chromium (Cr*s) 4 oz. jar 28 clays

• Organic Lead 4 oz. jar Chill to 4°C 14 days until Analysis
(laboratory recommended)

A - Typical amount to bring the pH to <2.
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1. PURPOSE

The following SOP defines activities to be completed to properly filter water samples in preparation for
analysis by an analytical laboratory.

2. SCOPE

This procedure is applicable to all DBS&A employees and its contractors and subcontractors when filtering
watersamples.

3. PROCEDURES

Recent research indicates that if samples are obtained correctly, field filtration for metals may not be
necessary (Puls and Powell, 1992). However, filtration of samples to be analyzed for dissolved metals may
be required in some cases. If filtration is required, it shall be outlined in the site specific sampling plan.

If filtration is required, filter the samples in the field if possible. If field filtering is not possible, preserve the
sample by chilling to 4°C (i.e. do not add acid), and immediately ship the sample via overnight delivery to
the laboratory. Indicate on the chain of custody that laboratory filtration and preservation are required.

Vacuum filtration of ground water samples is not recommended (Barcelona et al., 1985, pg. 65). Samples
to be analyzed for TOC, VOCs or other organic compounds should not be filtered. Filtration may be
performed on samples collected for analysis of dissolved metals, however.

The following procedure shall be followed to filter samples in the field with the GeoPump:

1. Connect the GeoPump to an automobile cigarette lighter or outlet if electricity is available.

2. Replace the tubing for the GeoPump at the beginning of each sampling round. If the samples are
collected in any order other than most contaminated to least contaminated, or if very high levels of
contamination are suspected or observed, then replace the tubing between each sample or as
necessary.

3. If the tubing is not replaced between each sample, flush the lines with Liquinox followed by at least
three flushes with distilled water.

4. Collect an unfiltered water sample as discussed in Sections 13.5.4 and 13.5.5 of the DBS&A
Operations Manual.

5. Place the intake line in the unfiltered sample.

6. Pump at least a few hundred milliliters of the sample through the GeoPump prior to sample collection
in order to flush the line. Set the GeoPump at the lowest rate possible in order to minimize aeration.
Dispose of this water appropriately.
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Procedure

Sample Filtration
Effective06/01/93 . Supersedesn/a- Page2of 2 SECTION13.5.7

7. Place a disposable 45 micron filter on the output line. Direct the output stream below the filter into
the pre-acidified sample container, as outlined in Section 13.5.6 of the DBS&A Operations Manual

4. REFERENCES

• Barcelona, Michael J., James P. Gibb, John A. Helfrich and Edward E. Garske. 1985. Practical
Guide for Ground-Water Sampling. Prepared in cooperation with RSKERL, Ada, Oklahoma. SWS
Contract Report 374. DBS&A #560/BAR/1985.

• Puls, Robert W. and Robert M. Powell, R.S. Kerr Environmental Research Laboratory (RSKERL).
1992. Acquisition of Representative Ground Water Quality Samples for Metals. Ground Water
Monitoring Review, Summer 1992.

Prepared by: ,_oa__'f_,__ Reviewed by:__.-,._'_-
(.,/ / O_ality A_"surance Manager

Approved by: _.--_--_ Reviewed by: _--__

Oaniet" B. Stephens _ystems _;(perations Mana"_er/
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Procedure

Quafity AssuranceQuality Control (QA/QC)
Effective 06/01/93 • Supersedes n/a • Page 1 of 4 SECTION 13.5.8

1. PURPOSE

The following SOP defines activities to be completed to assure quality assurance and quality control for water
samples collected in the field.

2. SCOPE

This procedure is applicable to all DBS&A employees and its contractors and subcontractorswhen collecting
water samples in the field.

3. PROCEDURES

QNQC samples include split samples, duplicates, blind duplicates, blind check standards, trip blanks, and
equipment blanks. The specific QA/QC samples that will be collected during each sampling event shall be
designated in the site sampling plan.

3.1 General QA/QC Guidelines

The following general guidelines shall be followed for collection of QA/QC samples:

1. Include a trip blank with each cooler that contains samples to be analyzed for volatile organic
compounds (VOCs). Ideally, trip blanks will be prepared at the lab in advance and will be shipped
with the sample bottle order. If trip blanks are prepared in the DBS&A warehouse or in the field,
prepare well away from any areas of known or suspected contamination. Prepare the trip blanks
by filling a pre-acidified 40-ml VOA vials with organic-free water.

2. Collect an equipment (rinsate) blank from any non-disposable equipment that comes in contact with
the water to be sampled, such as non-dedicated pumps or bailers or field filtration devices. Collect
the equipment blank by running or pouring deionized water through any portion of the device that
normally comes in contact with the water sample or presents a potential for cross-contamination,
including hoses, valves, etc. Equipment blanks generally are not required for disposable equipment
which is certified clean by the manufacturer (e.g., disposable teflon bailers). The exact number and
type of equipment blanks to be collected will be determined on a site-specific basis. Describe the
process used to collect the equipment blank in the field log book (see Section 13.2.6 of the DBS&A
Operations Manual).

3. Replicate samples consist of two aliquots of the same sample analyzed independently. Replicate
samples are used to evaluate laboratory precision.

4. A duplicate consists of two separate samples from the same source, analyzed independently.
Duplicates are used to evaluate laboratory precision, heterogeneity of the material, and precision of
field sampling techniques.

5. Split samples are replicate samples divided into two portions, sent to different laboratories, and
analyzed for the same parameters.
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Procedure

Quality Assurance/Quality Control (QA/QC)
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6. In some cases, blindcheck standardsmaybe submittedto the analyticallaboratory. These may be
obtainedcommerciallyor prepared in advance in the DBS&A laboratory. Alternatively,a duplicate
sample may be spikedin the field with a knownquantityof the analyte(s) of concern.

3.2 Well Security

All monitorwells shall be securely lockedfollowingthe completionof sampling.

3.3 Chain-of-Custody Procedures

Chain-of-custody(COC) documentsshall be kept for all samplescollectedby DBS&A. The COC program
includesproper labelingof the samplesto preventmisidentification.The followinggeneral guidelinesfor
sample handlingand custodyprocedureswill be followed:

1. As few people as possibleshould handlethe samples.

2. Samples mustbe withina locked/securearea at alltimeswhen notwithinviewof DBS&A personnel.

3. Use the COC form provided by the analyticallaboratorythat will be performingthe analyses. A
representativeform is includedas Attachment1 to thisSOP (DBS&A Form No. 095).

4. The FR is responsiblefor the custodyof the samplesuntil they are transferredto the analytical
laboratoryor untilcustodyis transferredto anotherdesignatedindividual.If thesample is transferred
to another DBS&A employee, both people shouldsignand date the "relinquished"and "received"
sectionsof the form, respectively.

5. Includethe followinginformationon the COC form:

• The date and time of sample collection

• The exact identificationof the sample

• The type of sample (e.g., water, soil, fuel)

• Any preservativesused

• The numberof containersfor each sample

• The job numberand name

• Whether or not the sample was filtered

• The analyticalmethodsto be used (e.g., EPA 8240)
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Procedure

Quality Assurance/Quafity Control (QA/QC)
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6. Have a second member of the water sampling team check the chain of custody document to ensure
that all data is correct and exactly matches the information on the sample bottle labels. Place the
appropriate copies of the COC form(s) in a sealed plastic bag taped to the inside lid of the cooler
containing the samples. If more than one cooler is being shipped, each cooler should have a
separate COC form listing all samples in that cooler.

7. Whenever the sample leaves control of the sampling team (e.g., when shipped by common carrier)
place a COC seal on the shipping container or individual sample bottles. Sign and date the COC
seal. The purpose to the seal is to ensure that the samples have not been tampered with prior to
receipt at the lab.

8. If samples are shipped to arrive on Friday afternoon, weekends, or holidays, special arrangements
need to be made with the analytical laboratory to ensure that someone will be available for sample
receipt, and that the holding times will be met.

4. ATTACHMENTS

1. Chain-of-CustodyForm(DBS&A FormNo. 095)

Prepared by: ,_'o o,_,,_v_/C_-_ _ Reviewed by" __-,__'_._ _
' /,_uality A_urance Manager

Approved by: Reviewed
Daniel B. Step"e_ns ,)_ystems_)erations Man"_er

J /
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Purpose of Shipment

Possible Contaminants

Item Sample No. Analysis to be Done Sample CommentsNo. Container

Date Received by
Company Representative

Received the above articles in good condition

Except as noted

DBS&A Form No. 095 5/92
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Procedure
Ground-Water Level Measurement

Effective 06/01/93 • Supersedes n/a • Page 1 of 5 SECTION 13.6,1

1. PURPOSE

The purpose of this procedure is to provide DBS&A personnel with the information necessary to collect
accurate water-level data from ground-water wells. Water level measurements provide the fundamental data
needed to determine aquifer characteristics; therefore, it is crucial that the appropriate methods are used to
meet the data requirements of an aquifer investigation.

2. SCOPE

The following procedures are applicable to all DBS&A employees and subcontractors engaged in the
measurement of ground-water levels in wells. Several methods are available for determining the depth to
water (DTW); this SOP briefly describes methods used to measure water levels manually, and automatically
with the help of data recorders. This information is intended to help DBS&A personnel determine the
appropriate equipment to collect water levels for background trend analysis and aquifer tests.

3. PROCEDURES

Immediately following well construction (see Section 13.4.1 of the DBS&A Operations Manual), a measuring
point shall be clearly labeled "MP" with a permanent marker at the top of the casing. The designated MP
shall be located at a point which is unlikely to change in elevation during the life of the well. This will prevent
repeated surveys to determine the reference elevation of the measuring point. If the MP does change, it
shall be clearly re-marked and referenced to the original elevation or a new survey will be necessary. Water
levels will be measured in accordance with ASTM D 4750, Standard Test Method for Determining Subsurface
Liquid Levels in a Borehole or Monitoring Well (Observation Well).

The water level measurement (depth to water; DTW) shall be recorded on the Water Level Measurement
Form included as Attachment 1 to this SOP (DBS&A Form No. 120). In addition, the following information
shall be recorded on the form: the person making the measurement, the measuring device, the surveyed
point from which the measurement is made, the time of day (military time), the date, the wellhead condition,
and any measuring point (MP) changes.

Ground-water level data may also be recorded in the field log and on other applicable DBS&A forms
including but not limited to those used for water sampling and drilling/soils logging.

The following subsections will describe the most commonly used techniques for obtaining water-level data
in the field.

3.1 Steel Tape

Graduated steel tapes provide accurate measurements to within approximately 0.01 foot of the actual DTW
for depths of 100 feet or less. The rigidity of the tape allows it to hang straight in the well. Steel tapes
should generally not be used when many measurements must be made in rapid succession, such as during
an aquifer test. Measurements with a steel tape are relatively time consuming.
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Procedure
Greund-Water Level Measurement
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When using a steel tape the lower2 to 3 feet is wiped dry and coated with carpenters chalk or water finding
paste before being lowered down the well. The tape is then lowered into the well to the estimated DTW.
The tape should be held on a foot marker at the well-head measuring or reference point (MP). After
removing the tape, the wetted end is read and subtracted from the previous reading; the difference is the
actual DTW. If tape graduations are greater than 0.1 foot apart, a separate engineering tape or scale shall
be used to accurately determine the wetted end measurement.

The steel tape should not stretch more than 0.05% under normal use and should not cause more than an
0.05-foot perceived rise in water level during measurement. If more than a 0.05-foot rise in water level
occurs during measurement, a correction shall be made for the displacement. Steel tapes shall be calibrated
against a surveyor's reference tape annually by the DBS&A Environmental Equipment Coordinator.
Information from these calibrations shall be kept on hand at the DBS&A equipment supply facility.

The main disadvantage of the steel tape method is that the approximate depth to water must be known prior
to the measurement. In addition, interferences such as cascading water, smearing, and/or evaporation may
compromise the accuracy of the wetted-end measurement. However, steel tapes are relatively inexpensive
and generally more durable than electrical instruments for measuring water levels.

3.2 Electrical Sounders

Electrical sounders operate by completing a circuit when the probe contacts the water level. Upon
completion of the circuit a light, buzzer, or ammeter needle indicates that the probe is in contact with the
water table. The probe is connected to a graduated tape, usually made from plastic and fiberglass. Batteries
supply the necessary current through electrical wires contained in the graduated tape. Measurements are
commonly made to within 0.01 foot with electrical sounders.

Electrical sounders are the most commonly used ground-water level measuring device on DBS&A projects.
The major advantage of electrical sounders is that many measurements can be made rapidly and accurately
without removing the probe from the well. Field personnel should position themselves near the MP so the
DTW can be read at eye level. A second check reading should be taken before withdrawing the electric tape
from the well. Most DBS&A sounders are marked every 0.02 foot.

The length of the electric line shall be calibrated annually with an engineers tape by the DBS&A
Environmental Equipment Coordinator. Information from these calibrations shall be kept on hand at the
DBS&A equipment supply facility.

Potential disadvantages of the electrical sounder devices include: the expense of an accurate sounder;
inaccurate measurements that may be made due to stretching or kinking of the tape; electrical shorts that
may be caused by broken or corroded wires; false readings due to cascading water; snagging of the sounder
tip on pump columns and cables; or incomplete circuits due to low concentrations of total dissolved solids
in the water.
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Procedure
Ground-Water Level Measurement
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3.3 Automated Water Level Measurements

To determine backgroundwater level trends, the most economicapproachis tOset up a continuousdata
recordercapable of makingmany measurementsautomatically. Driscoll(1986) discussesthe application
and installationof suchsystemsin detail. The mostcommonrecordersproducea graphicalchart or store
the data electronicallyfor future retrieval. Continuouswater level recordsare quite useful for determining
daily and seasonal fluctuationsresultingfrom rechargeand dischargeperiods,evapotranspirationand tidal
stress, and duringaquifertestswhen there are notenoughfield personnelto collectall the necessarydata.
The followingparagraphsbrieflyreviewequipmentusedwithcontinuousrecordersto measurewater levels.

Automatedpressuretransducersare usefulfor collectinglarge quantitiesof water-leveldata rapidlyduring
labor intensiveaquifer tests. DBS&A owns an electronicdata loggingsystemconsistingof a Campbell
Scientific21X data loggerand DRUK pressuretransducerswhichcan be calibratedto outputfeet of water
above the transducer. Refer to Section13.6.4 of the OperationsManual for detailedinformationon using
the system. The system can be programmedto collectdata on arithmeticand logarithmictime scales.
Measurementsare accurateto approximately0.01 foot providingthere is no turbulencein the well.

Airlinebubblersare commonlyused by the U.S. GeologicalSurvey for measuringstreamstage and water
levels inwells over periodsof severalyears. Airlinebubblersusuallyoperateon nitrogengas. The device
workson the principalthat the gas pressurerequiredto push all thewater out of the submergedportionof
the tube equalsthe water pressureof a columnof water equal to that height. Measurementsare accurate
to within0.01 foot.

Float sensorscan also be usedto determinelongtermvariationin backgroundwater levels. Float sensors
consistof a tape or cable passingover a pulley with a float attached to one end and a counterweight
attached to the other. The float followstheriseand fall of the water level. A graphicor electronicrecorder
is attachedto the calibratedpulleyto store thewater level data. Floatsensorsworkbest in largediameter
wells (4 inchesor greater). The greatestdisadvantageof this methodis the potentialfor the float to stick
on the side of the casing or jump the pulley resultingin a "stair stepping"record or no record at all.
Measurements are accurate to 0.1 foot or greater dependingon the precisionof the recorder and pulley
calibration.

4. ATrACHMENTS

1. Water Level Measurements (DBS&A Form No. 120)

5. REFERENCES

ASTM. 1990. Standard Practicefor Designand Installationof GroundWater MonitoringWells in Aquifers.
Standard D 5092-90. Philadelphia, PA.

Driscoll,F.G. 1986. Groundwaterand Wells. JohnsonDivision. St. Paul, MN. 1089 p.
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Prepare0by;___ Reviewe0by;__--_ _
I ,/E_uality)_surance Manager

_'_s_ Reviewed by_ "_t. _..Approved by: -4Da ' /System_Operations Manager
C/ /
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1. INTRODUCTION

This health and safety (H&S) plan contains guidelines for Daniel B. Stephens & Associates, Inc.

(DBS&A) worker safety during the monitor well and sewage sludge sampling program at the

KAFB sewage lagoons and golf course main pond. The site itself is described in detail in the

KAFB Post-Closure Plan for Sewage Lagoons and Golf Course Main Pond. The proposed

sampling locations are shown in Figures A-1 and A-2.

The objective of this H&S plan is to familiarize field personnel with safe operating procedures to

be followed while working around potential chemical and physical hazards associated with

sampling, and to serve as a general guideline for the implementation of these procedures.

The DBS&A project manager shall provide all DBS&A field personnel with copies of this plan,

which they are required to read and keep available at all times during field work. It is the direct

responsibility of the DBS&A on-site health and safety officer to ensure that all requirements and

procedures contained in this H&S plan are followed during the sampling program. Safety is

considered to be the first priority during all field sampling activities. DBS&A field personnel shall

not perform any task which they personally feel is unsafe.

1.1 Potential Contamination

Potential contaminants, including nitrates and heavy metals, are related to sewage sludge.

Contaminants that cause a potential health and safety concern are not expected to be

encountered, and no air monitoring is warranted for the planned sampling program.

1.2 Other Potential Hazards

Work at KAFB has potential physical hazards, and staff must be cautious of all machinery and

vehicles operating at the site. All mechanical hazards must be avoided to the greatest extent

possible, and all driving must be performed in a safe manner when traveling about the site.
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The following physical hazards may be present during sampling:

• Uneven surfaces that could cause slips, trips, and falls

• Dust

• Snake bites

• Heat stress

Proper precautions to take in order to protect against these hazards are described in Section 2.

2. SAFETY GUIDELINES FOR SAMPLE COLLECTION

These guidelines cover operations by DBS&A field staff for sewage sludge sample collection. In

order to maintain a safe job site, all potentially dangerous conditions or practices must be

corrected before proceeding with field work. The field H&S officer will notify contractors and the

DBS&A project manager of any unsafe practices, and will reserve the right to stop all work on

DBS&A projects if contractors do not abide by this plan.

2.1 Personal Health and Safety

A 25-foot radius around each sampling location will be designated as the work area. All DBS&A

field work is given a designation for levels of personal protection of either A, B, C, or D, in order

of decreasing personal hazard. The criteria for the selection of the correct level of personal

protection are discussed below. All DBS&A employees performing field work have received the

necessary training and instruction as required by 29 CFR 1910.120 for work at potential

hazardous waste sites.

LEVEL D- All sampling activities will be conducted under level D protection since it is anticipated

that the atmosphere will contain no known hazard and there will be no danger of splashing,

immersion, or unexpected contact with hazardous levels of any chemicals. The following level D

personal safety equipment shall be available and worn whenever the field personnel are within

the 25-foot work area:
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• Steel-toed work boots

• Hard hat

• Long pants

• Long sleeved shirt

• Gloves

• Protective eyewear

• Hearing protection, if needed

LEVEL C - If level C personal protection is warranted, field activity will temporarily cease and the

project manager will be contacted.

2.2 Heat Stress

If any physical symptoms of heat stress are observed (e.g., headache, nausea, dizziness,

sweating), the minimum heat stress indicators of heart rate and body temperature will be

monitored approximately hourly. If the pulse rate exceeds 110 beats per minute (or the body

temperature exceeds 99° F), then the length of the next work period shall be reduced to 40

minutes and the heat stress parameters observed again at that time. If the pulse rate at the

beginning of the next test period exceeds 100, and the last reading was over 110 (or the body

temperature exceeds 99.7° F and the last reading was over 99° F), the subsequent work cycle

should be reduced by one-third. Whenever pulse rate or body temperature are elevated, work

should not be resumed until the pulse rate is below 100 beats per minute and the body

temperature is below 99° F.

If signals of heat stroke are observed (dry, hot, red skin, very high body temperature, fast, weak

pulse, and fast, shallow breathing), then the person shall be cooled immediately and emergency

medical attention shall be obtained. Heat stroke can be life threatening.
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2.3 Eating and Drinking

No eating, drinking, smoking, or gum or tobaccochewing is allowedwithin the 25-foot work zone

or during sample collection and handling. Field personnel will wash hands thoroughly before

eating and drinking to avoid ingestion of hazardous chemicals.

2.4 Eye Protection

OSHA-approved protective eyewear should be worn at all times when within the 25-foot radius

work zone. Shatterproof glasses or goggles are recommended for eye protection.

2.5 Dust Protection

When blowing dust makes it necessary to protect personnel,NIOSH-approved disposable-type

dust maskswill be worn.

2.6 Snake Bites

If, while on-site, sampling personnelare bittenbya poisonousor unidentifiable snake, they should

proceedimmediatelyto the hospital(see below).

3. MEDICAL EMERGENCIES

Inthe event of a minor injury, the employee will be transported to Lovelace Hospital, 5400 Gibson

Blvd. SE (294-2700). In the event of an extreme medical emergency, an ambulance will be

contacted by dialing 144/844-0081 or 911. The routeto Lovelace Hospital is shown in Figure A-3.
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4. INITIAL H&S BRIEFING

An H&S briefing will be conducted before initiationof field activities. The initial H&S briefing will

be conducted by the designated DBS&A on-site H&S officer and will be attended by all DBS&A

personnel involved in the particular task. The H&S plan and all pertinent H&S issues will be

discussed during the briefing. All attendees will initial the H&S briefing form.

5. DAILY SAFETY MEETINGS

Prior to commencing each day's sampling activities, a "tailgate" safety meeting will be conducted

by the designated DBS&A on-site safety officer. The meeting will address specific issues

regarding on-site health and safety, including

• Chain of command

• Recommended personal safety equipment, as outlined in Section 2.1 of this document.

• Emergency response

• Appropriate site-specific issues, such as soil contamination levels, ambient air

temperature, dust conditions, and weather conditions.

All attendees will be required to sign an attendance sheet.
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DANIEL B. STEPHENS & ASSOCIATES, INC.
FIELD INSTRUCTIONS AND PROCEDURES

HEALTH & SAFETY BRIEFING

Project Number:

Field Location: Date:

Purpose of Work:

Tasks to be Accomplished:

SOPs Required:

Health and Safety IssuesDiscussed:

DBS&A Health and Safety Officer:

ATTENDEES

NAME TITLE SIGNATURE DATE
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