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BASIN F OVERBURDEN AND SOIL SAMPLING AND ANALYSIS STUDY

2ART I: ZTATRODICTIOCN
Backzround

l. Rocky Mountain Arsenal (RMA) located near Deaver, Colorado, has been
a chemical manufacturing and demilitarizz:ion facility since 12342, Milttary
operations at the Arsenal have included the production of various chemical war-
fara axents, as wall as the fabrication of munitions containing these agents
and adiitiosnal munitions cuntainidg waita Phosphorous. Over the past decade,
additional aiiitary missions at the Arsenai have inciuded che demilitarization
or destruction of various chemical agents and associated munitions and a Hydra-
zine blanding operation, In addition to these military operations, private
corrorations have oparated and continue to operate Industrial facilities on
the Arsenal under lease agreements for production of »esticides and other
{ndustrial chemicals.

2., Wastaes from various chemical processes were discharged into unlined
basins until an asphait«lined evaporation basin designed for total wasta raten
tion was completed {n 1956, This basia, designatad Basin F, is lb:atad ia the.
ncrthwast part of the Arsenal in Section 26 (See Figure 1).‘ At the maximum
£luid level, Basin F had a surface area of 93 acras with a capacity of approx-
imately 243 million gallons., The Basin, roughly oval in shape, was created in
32 natural depr2ssion by constructing a dike iround the araa. Tt measured
approximately 2,900 feet across at the north end and 1,600 feet across at the
south end. The average depth of the 3asin was 10 feet. An asphaltic membrane
(apprsximataiy 33 lnchas thick) was nlaced on the Rasin bottom, axtandiag 2o
a8 projected high water elevation at the edye of the seal area. After the
asphalt had bdeen placed, a soil layer, one foot thick, was placed on top of
the membrane to protect it. The asphaltic membrare was considered to have a
design 11fa of 1S years,

3. Through the years, wastas from the various Armv operations and from
the on-site production of pesticides by private corporations wers disposed of
in the Basin. These wastes {ncluded numerocus inorganic and organic contaminants.
Chenical anaiysis of the liquid {n the 3asin has been rade periodically. A
summary of an extensiva chemical characterization analysis in 1977 {s presentsd
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in Table 1 (1), Yaste disposal iato Basin T was continued by various organiza=-
ticn3s through 1973, Since then and until recently, the primary flow into the
3asin has been approximatelvy 300,000 gallons per vear from a Hydraziae blendiag
facility and an undatarmined amount of groundwatar that infil:irates into the
influent sewer line to the Basin. With the reduction in flow to the Basin,
the volume of liquid contained hos heen steadily decreasing. The actual volume
at any one time varies depending on climatnlogical coanditions, and the curvant
estimated volume of liquid contained in the 3asin is 30 million gallons. This
reduced volume can be attributed primarily to loss through natural evaporation.
4. Ia early FY 82, an MCA pézgram was iniciated which i{ncludes the removal
nf the chamical sawer iine back to th2 South 2lancs ir2a and the constsuctlon
of a dike through the Basin to reduce the amount of surface watar run-off into
the existing liquid pool. Upon compiation of the program, flow {nto rthe Basin
wiii essentiilly be 2liminated. The voiume of liquid f{an the Basin shouid
decreasa due to evaporation to a poiat where L0 to 15 aillion gallona remain.
Znhanced avaporation techniques under considaration for the liquid could reduce
this volume even furcthar.

Regulatory Set:ine

5. Basin F has been éperated through the years essentially without restric-
tions on the amount or type of wasta disposed in {t. Clean up or control of
the lasin was first addressed fndtrezclv I 1973 by the "csast and dasige”
ordars fssued by the Colorado Nepartment of dealth to the Shell Chemical Companv
and to RMA., Specifically, Shell and RMA ware ordared to "take whatevar steps
ars nsec2s3ary e c¢lean u» ali scurses of the sudstancas MNP and DCP) and <o
perform all work necessary to eansura that ... DIMP and DC®D cannot aeantar tha
water of the state."

6. Then, in 1976, *he Rasource Congarvation and Recovery Act (RCRA) was
indacted. The resulting regulations ware applicable to Basin F since {% was an
oparating facility on 19 November 1980, and contained hazardous waste material.
A notice of hazardous waste activity and Part A of the RCRA permit application
was filad with ZPA ii3<ing Basin F as a hazardous waste surfaca {mpoundmant,

As 2 result, the interiam jtatus standards as se2 forch L3 <0 CT Pare 243 are




. Tadle |
‘ Chemical Charactar{zation of Basin F Liquid (1977)
Compound Concentration
or Parametar Units Range*

oH ‘ - 6.9 = 7.2
Aldzin ppm 50 - 400
Isodrin pph 2«15

- Dieldrin - ppb 5 - 110
Sndrin ppb - 40
Dithiane ‘ ppd 33 -~ 139
DIM? rpa 10 - 20
DMMP ppm 500 - 2,0N0
Sulfoxide pom 4«10
Sulfona ppm 25 - 60
Caloride ppm 48,000 - 56,000
Sulfaza ppm 21,000 - 25,000
Copper ppm | 700 - 750

° Iron ppm ' 5«6

Nitrogen ' pon 120 - 145
Phogphorus (total) ppm 2,050 -« 2,150
Hardness ppm : 2,100 - 2,800
Fiuovida : ppm 110 - 3117
Arsenic ' pPpm 1.0 - 1.3
“agnesium o ppm 35 - 40
Harzury pPE 26 - 29
Cyanlide cpm 1.45 - 1.55
cop ppm 24,500 - 26,000
TOC ppm 20,390 - 22,500

* Tlased on the analysis of various samplas from diffarent locations and Jdeoths

in the Basin.




applicable to Dasin F. Caz2 of the major requirements under the interim status
' standards for such facilities is a written closure plan Including a descrijption
of how and when the faciiity wiil he closed. These regulations are contained

{n 40 CFR Part 265, Subpart G. The closure plan was due 19 May 198L.

Data Requirements

7. In order to proparly address the closura of Basin F, i{nformation is
needed on the extent of coantamination in the 3asin area. Several fleld studies
bave been corducted in the 3asin é}eviously including sample collection and
analrsis (1, 2%, but no iaformacion i35 available on the distribution of contami-
nation helow the liner. If coantaminants have penetrated the liner and ares con-
tained in the underlying soils {n high concentraticns, the requirement for
removal or clean up of the goils willi have to he addrassed in the final closure
alternative. Additional information on the contaminant distridution ia the

sediment or overburden above the liner 13 aiso required.

Scove of Revort

8. A study aimed at developing the required contaminant dlstribution

{nformation was uthoized and funded by the US Army Toxic and Hazardous Mate-
rials Agency (USATHAMA). Computer Sciences Corporation (CSC) Ianc., NSTL, MS
was tasked to conduct the 3study it~ the suppore o5 MA gad US Armyv Engineer
Waterways Experinent Station (WRES) personnel. The study included development
of a sampling protocol; sample collection, leach testing, analysis, and raport
spraparaiion. RECRA Research, Inz., danarss, V.Y., Jdevaloped the sampliag pro-
tocol; WES and CSC conducted the sample cvllection; Systems, Science, and Soft-
warn”(S-Cubed), Inc., LaJolla, CA performed the leach tegting; Midwest

Researzh (MRI), Inc., Kansas City, M0, conduczad the sample analvses; and, WES
prepared the final report. This repocrt simmarizes the work conducted by the
various groups, documents the data obtained, nresents the resulting conclusions,
and provides certain recommendations. Boring logs and data repocts hava been
appended.

M



PART [I: METHODS AND PROCEDURES

Fiaid Procedures

9. Proposed boring locaiions (a2 total of twenty) and recommended proce-
dures for conducting the sample collection ware developed by RECRA, Inc. and
detailed {in a sampling protocol which has been raproduced and {3 pressentad ia
Appendix a. Every attémpt was made to follow the protocol durinz sample coi-
laction, however, certain minor modificatious were made in the field as neces-
sary to complete the work undar the difficult conditions encountered (including
gaver2 :oid weathar, potential heaith hazards ¢o personnel, and coordination
with the construction activitias on=-going ia the Basin)}. Four boring sites on
the north end of the Basin wera eliaminated from the list of proposed sites due
to the steep bank slopes ancountered and the potenfzgl for parsonnel to come
in contact wizh the liquid pool. The modified procedures used for sampla coi=-

lection and preparation are detailed beliow.

Establishment of boring locations

10. Based on the racommendad sita locations given in the protocsl, a pre=
liminary survey of the Basin was conducted and the proposed boring sites wera
located. A temporary bench mark (TBM) was established near the northeassc gate
of the Basin security fence from which the boring site locations were off=-get.
Te surface alevacisn at 2ach sita waz riad=ia o the T3M. All ilncations wvara
marked with a numbered, flagged stake for easy identification. Prior to initia-
tion of sampla collection, some of the sites had to be relocated to avoid intevr-
fariug wizn tha di'ce constructioa acitivities ~n-zoing in the 2asin., Tha final
sixteen boring locatiorns ara presentad in Figura 2. No formal firal survey of
the ébmpleted boring sites was made, but such a survey can be made in the future
1f required.

Overhurden removal and samoling

11, Overburden was removed from an area approximately 2.5 ft in diametar
using shovals, Extreme care wa3s exercised 30 as no? to dtsturd the liner.
Ciwan cioth rags ware used to wipe the surfaca of the liner. A 2.0 ft diameter,

st:2l cais3on vag nliaced a1 the “oala aad bantanita was pourad acound the ocusiaida

of the bottom of the caiszson. The outside of the caisson way then backfilled




to approximatelv 0.3 ft with overburdzn. The overburden and bhentonita were
aixed with a shoval in order to effact a seali vetween the liner and the hottem
of the calssoa, Overburden was then backfilied around the caisson to the origl-
aal surface elevation. A pivwood woriking surface was laid around the caisson,
and the liner was re-wiped with clean cioth rags in order to remove excess ben-
tonite, At this point, site preparation was complete.

12, At gelectad borings, the overburdan was sampl:zd by cuttiag down the
face of the axecavation after the liner had been wiped clean %ut before the
caisson was placed. Each composite sample was placed in a 500 ml glass jér.
seaied with a teflon ilned iid, and labeled according to boring location and
s2mple IyTe.  The iine?s was then ra-cleaned with rags bafore :ﬁe calssona wvas
placed. This samplinz procedure was used at boriags No. Ol, 14, 31, and 70.

Two (2) 500 ml zlass jars of overburden were collectad for interlaboratorv qual-
ity contral purposes from stockpiled overburden at boring Yo, ll.

13. Tha overburden was fleld classified as to general appearance, color,
and roisturz. The linarc condition was notad with regard to its presance (or
assenca), continuity, and general appearance. These ohservations wera recorded

for each hole on boring logs which are presented in Appendix 3.

Soil borﬁggﬁand sampling

14, All soii sampling was done with a split-spoon sampler equipped with
a baskat shoe and a plasti: sleeve (Tigure 3). The sampler was manually
adraazed inzo ehe soll Sy driwding wlth a LY 5 oaul,  Removal of tha2 samplar
from the hnle was anzomnlished using oipe wrenches and a twistine/turning/miil«
ing motion. Once out of the hole, 3reut care wasg taken to avold contacting
Th2 sampier with aay contaminugted suriaces. The sampl2r was broken Jown whiia
supported in a cantilever faghion over a bucket. The plastic sleeva was removed,
and tha material lodzed in the shoe of the sampler was pressed out and placed
in the bottom of the zieeve, In tnis vay, an undiscturhed sampla of the sotil
profile was ohtained. The ends of the sleeve were then capped and labeled as
to top or bottom and as to boriag number and sample {nterval. The sleaves wera
transported to an on-sit2 laboratory for classification and sampling for chemical
analysis,

15, 3atween lrivay, the sampler was cladaned with a wire brush and wiped

it clean cloth 2713 before a n2w nlagtis 3lizv2 wag {ngavsad., The siasei:

sleava pravented crovs-contaminatina hatwaen drivaes. The drive rods were alsa




brushed and wipad clean. Fach drive samplad a 1.5 £t interval. Three (3)

drives wers wmade on ail but one hole, boring No. 23 where only two drives ware
made, After each drive, the depth of the hole was measurad to confirm that
the specifiad 1.5 f: {ntarval had been sampiled. Then using a 3 {n. auger, the
hnle was cledned out to the bottom of the completed drive. The auger was
cleaned with a wire brush and wiped with clean c¢loth rags between drives. At
this point the hole was ready for tha next drive.

16, At borings Ne. 13, 14, 15, 21, 22, and 23 the liner was not trimmed
prior to making the first drive wi_’gh the sampler. For the remaining borings,
tha liner was trimmed away prior to the first drive using a filathead screwdrivar.
Tais techniqua was found o peoduce a bacttar gampie of the iiner. Tas hola in |
the liner was cut so z2s not to contaminate thae solls beneath the liner with
liner material. The cut-out from tha liner was tagged and placed in a glass
jar for futura refarvance. These samplas (along with liner samples from the
untrinmed holes) have Laen stored im 3ldg. 802, RMA for future refaerence. At
boring locations 01, 12, 14, 31, 33, and 70, a second hole was cpened in order
to obtain am extra s0il sample from the 0.0-1.5 £t intarval for bulk chemical
analysis. Tha number and depth intervals of samples collactad over the entire
sampling effort ave summarizad ia Tadla 2.

Closure of borings

17, Each boring was grouted with a mixtura of Portland Tvpe V cement and
heataniza in ratio of 3:1 2ad 6<7 3zai of watar par hag of cemenz. (Trpe ¥V Pors-
land {s a low tri-calcium aluminate cement that when compared to other cements
hhas suparior rvesistance to hydration and expansion caused by sulfate lon sub=
szitutlon; . As zrout was siowly pourad into :he hela, a2 woodan pola was used
to vibrats voids to the surface. A permanent location markar and liner seal
was established over the hole by filling a 12-in, ID sonotube mold with grout
te an elevation of 0.4 ft above the surfacs of the overburden. In the case of
borings Ne. Ol, 12, 14, 31, 33, and 70 where a sscond hole wes opened in order
to ohtain an extra soll sample, an l3-in. ID sonotube form was used. The larger
ID was necessary in ordar to cover both holaes. After the grout had set fur a
ainimm of 26 hrs, the steel caisson was pulled and overburdan was used to back-
$iih avound the martier. The zeasural height of the mariar and ovarburden abuva
the liner aze prasemtad {n Tahle 3. TPlgure i provides Zezails of 1 tymically
¢oaplated hola. '

10




Table 2

-

Bagin F Sedi—ent and Soi! Samnlinz Summary

Drives (A ft)

BF3 ¥o. 0=-1.5 1.5=-3.0 3.0-4.5 Ovarburden
ol KX* X X X
02 ' X X X
11 X X X 3
12 XX X X
13 % T ox ;

14 v X v

15 X X X

21 X X X

22 < X X

23 X X

31 Ko X X X
32 he X X

33 XX X X

50 X X X

60 X X X

70 XX X X X

* Doubla X's {ndicate sites whera an extra drive was made for Sulk analvseis

35mpi23.

11




Tabla 3

Tinal Post and Qrverdurden Tlavations

Overburdan
Post Elev. Surface Elev.
Boring No. Above Liner (ft) Abova Liner (ft)
01 1.7 : 1.3
02 .75 , 1.35
11 1.95 . 1.55
12 .63 1.25
13 ' 1.08 : 2.83
14 ' 1.9. 1.5
15 1.6 1.2
21 1.65 1.28
22 : 1.6 1.2
23 1.7 1.3
31 ' ’ 2.0 1.6
iz : 2.0 1.6
33 ) 2.2 1.3
50 2.1 1.7
60 . ' 2.2 1.8
70 1.8 . 1.4

12




18. DNuring the coursze of the sampling effort, severe weather conditions

with sustained sub~-freezing temperatures occurred forcingz termination of the
boring closure activity. Open holes were protected by taping a plastic sheet
over the top of tha steel caisson. Although the cold temperatures may have
affected curing of the grout in some holes, an inspection made upon complation
of the grouting revealad only minor sloughing from 1/2 to 1 in. of the marker
top at some bpridgs. The grout in immediate contact with the liner was not
affacted, thus insuring that each hole punched through the liner was gecurely

saalaed.

4

Photozraohic documentation

19, A color photograph was taken documenting the liner condition at each
boring location either immediately befora the caisson was placed or after site
praparation for raking che drives had deen completed. Photographic documenta-
tion was also made of the boring proceduras and of tha grouting procadures.
Complata gets of these photoyraphs ara on file at RMA and WES,

Safaty procedures

20. Considerable efforts ware made to insure the safe conduct of the work
in the Basin F area. All personnel wers required to wear disposable coveralls,
rubber zloves and boots, safety galsses, and hard hats whila in the Basin to
pravent contact with any contaminated material. In addition, all personnel
used respirators or air packs to pravent the Ilnhalation of noxious or toxic
fumes. All clothing, supplies, and materials other than respirators, air packs,
and core samplaers wera disposed of in 55-3al drums which were laft in the Basin.
T2 aaulpment racovarad wvas proparly closneld prise o rvamoval fras tha hasis
area.

~21. The safaety procedur2s amploved were reviewed dy the RMA Safaty Offica
and approved prior to initiation ol work. These proceduras compliad with those
specified by the RMA Safaty Office and the CE, Omaha District for privata con-
tractors working in Basin F. Additional decails ace (ncluded in the sampling
protocol or are avallable from the RMA Safety Offica.

13



Cn-Site Lahoratory Procedures

Sarple oreparation

22, The samplas were processed and prepared for subsequent chemical anaiy-
ses in an on-site laboratory located in Bldg. 741. Samples were removed from
the plastic sleeves by tiiting the sleeve and aliowing the sample to slide out,
top-end f£irst, inte linad corz trays. Scm2 samples wara assistad Sy usiag a
plunger to apply a slight fores on the bottom end. Identification tags ware
placed on each core. Then color photographs of the individual cores were taken.
Vext, rha cores were arranged and preparad for visual soil classification.

Soil classificazion

23. Field classification according to the Unified Soil Classification
Syagtem (USCS) (3) was mada by vigsuai examination of the sample cores by an
exparienced geologis: from WES who is familiar with the various types of soil
found at RMA, Soil color was compared to standard soil color platus and appro-
priataiy aoted along with the USCS calssification and soil taxtura. Taextura
was determined by visual sxamination. All classification information on the
overburden and soils was noted on the boring logs. For reference, a summary
table of the USCS has been reproduced and is included with the boring logs in
Appendix B,

Schsampla cenilaceion frr shemical dnaivsis

24, Aftar the coras had been photographed and classified, the core from
each boring was divided into four separata subsamples, each subsampla consisting
of ail the soil in a particular one~foot intarvai. The intervals collacted
incliuded 0.0-1.0 fe, 1.0-2,0 ft, 2.0-3.0 ft, and 3.0-~4.0 ft, haged on the depth
belo§ the liner, The subsamples ware placed in 500 mi zlass jars equipped with
Taflon lined lids and ladaled. The jars wevra sealed with tape, packed in an
ice chest with hlue-ice, and air fraighted ts S-Cubed for further testing.

All samplas arrived at S=Cubed on the day following ecollaction. Those samplas
to ba used for hulk anaiysis datarminations ware packaged {n tha same manner
and nir freflzhted o MRI. A list of the sudsavplee nranarad {3 presentad in
Tabia 4. ALl residual soil and other materials from che coras ware composited
am! zatuzmed 23 Jasdia T, Approprista safaty measures wer: lakan in the laburae
tory o pravant immedlate confict with the cpraa or {inhalatlion of fumes he anw

personnel.
Ie




Table 4

. Bagin F Sadiment and 3oii Subsamoie Identification
3FB* No, RMY Yo Sample Tvne Interval (Ft)

21 520001 Core 0-1
21 520002 Core =2
21 ~ 520003 Cora 2-3
21 s200047 Core 34
22 $20005 Core 0-1
22 520005 T core 1-2
22 saz2nn” Lora 2-3
22 s20008t Cora 34
23 $20009 Core 0=-1
23 520010 Cora 1-2
23 $20011 Cora 2.3
13 $20012 Corz 0~1
13 8200132 Core 1-2
13 s20014t Core 2-3

. 13 s2001st Core 3-4
14 - S20014 Core 0-1
14 5206017 Cora 1=2
14 $20018 Core 2=}
14 5200197 Cora 34
s $20020 Surface ) -
15 s20021 Cors N=1
13 523622 Sora ' 12
15 §20023 Core 2.3
15 s20024! Cora 34
70 $20025 Surfaca -
76 5200286 Cora D=l
0 20027 Cora 1-2
70 $20023 Core -3
70 s2no29t Core I-4

{00z due)d
* Basin T Roring.
. T Indicatas that the suhsampla was held and not axtracted using the SULP,
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Table 4 (Continued)

BFB No. RMA No., Sample Type Interval (ft)
60 $20030 Core 0-1
69 $20031 Core 1-2
60 s20032' Cora 2-3
60 $200337 Core 3=
32 $20034 Core -1

2 $20035 Core 1-2
32 $20036 - Core 223
32 5200377 Care I~4
3l $20238 Surface -
31 $20039 Core 0-1
31 $20040 Cora 1-2

1 520041 Cora 2-3
31 s20042" Core 3mds
33 $20043 Cora Q=1
33 $20044 Cors 1-2

33 s200457 Core 2-3
33 s20046! Cora 3wds
12 §20047 ~ Core 0=l
12 $20048 Cora 1=2
12 $20049 Care 2-3
12 $200350 Core s
0l $20051 Surfaca -
ot $20052 fore -1
01 $20053 Coce 1=2 ;

L. 528055 Cura -3
a1 $20055 Core 34
1t $20056 Cote 0-1
i1 $§20057 Core 1=2
1i 320058 Cora 2-3
11 $20059 Cora . )
37 20sn fova Jmi
50 $20061 Core 1-2

(Continuad)
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Tadble % (Concluded)

BF3 No., RMA Yo. Samnle Tvne Interval (ft)
59 - $20062 Core 2-3
30 320063 Core 3=4
02 $27064 _ Core N-1
N2 520065 Cora 1-2
02 $20056 Cora 2-3
02 $20067 - Core 3=
L1 $20053 ) Surface -
ls 22853 Sora (buik) O]
70 $20070 Core (bulk) 0=-1
33 §20071 Cora (bulk) 0=-1
12 20972 Core (Mulk) 0-1
12 $20073 Surface (bulk) -
31 §$20074 Corz (hulk) Nl
31 520075 Surface (hulX) -
01 $20076 Core (bulk) 0-1

. 'l $20077 Surface (*ulx) -
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Laachinz Procedurs

25, Selectad subsamples of the cores ware leached using the Solld Waste
Leaciring Procedura (SWL2) as raquasted by USATHANMA. The procedurs is detailed
in a memorandum prepared by USATHAMA that has been reproduced and included {n
Apoendix C. The SWL® involves a distilled water extraction of approximately
100 ¢ of sample. The solution {3 mixed for 24 hours followed hy flitration
and analysis of the extract. S-Cubed performed the SWL? only osn the f£ifty sub-
samples specified by RMA and WES personnel. Aftar review of the results of
the inictal tascs, five addicionai~subsamples were extracted by SeCygbed using
iz SWLY {322 Tadle <). ALl remalinmiagz coras and axgsss 3011 233 teedad for
testing were transferred to WES to be held for future testing i{f required,
S-Cibed prepavaed a detailed summary of the aextraccion work conducted which has
been raproaduced and inciuded ia Apnendix D,

Samola Analvses

Analvsis of SWLP extracts

26, The SYLP extracts were air fraizhtad so 2T for chemical analysis.
A 1lst of parametars for analysis of the samples was prepared by RMA and WES
persounal, This iist is as follows:

pH Dithiane
Aldzin Sulfona
Nieldrin Sulfoxide
Endrin . DBCP
Isvdria Harvsury
NIMP Arsenic
DMMP Fluoride

MRYI conductad these analyses usiagz peocsdures approved by USATHAMA. DNetails

of these procedures aiong with & propriate quality coatrol datz are on fila at
MRT and RMA.

Analveis of bulk samplaes

370 Agalx anailvses ware conductad on ning samples (as fadtcazad {a Tanias
Y for bozh aretanis and Inoreganie costaimiaungi. Macailed wveistan amalwetaid

nathods for the bulk analyias vere ptéparad he 'RI which have been reproduced

13




and are includ;d in Aprendix E. In general, the orgamic analyses were conducted
using standard GC/MS techniques while metal aaalyses were condncted using an
inductively coupled plasma (ICP) emission spectrometer. Mercury and arsenic
were énalyzed using cold vapo: and hydride gensration AA spectrophotometry tech-
niques, respectively. Fluoride analysis was conductsd using an ion selective

electrode method.

Control and distributicn of analvtical result:

28. The completed analytical-data wers submitted by MRI ts the analvtical
QA/QC group at RMA for review and concurrence. Copies of the data were then
distributed to RMA and WES personnel for evaluation and use ia this report.
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PART III: RESULTS AND DISCTUSSTON

Depth of Overburdan

29, The sediment or overburden as refarred to in this report is the mate-~
rial iocated above the liner in Basin F. During coanstruction of the Basin, a
iaver of sand approximataly one foot in thickaess was placed over the liner as
a nrotective measure. Through the years of operation, additional material has
been deposited in and on this sand_layer probably due to precipitation of salts
from the liquid, deposition of wind blown soil, and dumping of waste solids
into che 3asin. 1In certaln arzas of the basin whera2 the ovecburden has been
exposed (not covered with liquid) for long periods of time, it appears that
some of the orizinal cover sand has been lost, probably due to wind erosion.

30. In ordar to provide an overall picture of the depth of overburden in
the Basin, a contour map was developed based on the me=asurements taken during
the boring operations as presanted 1. Table 3. This contour map is presentad
in Figure S. The minimum deapth found 0.65 £, was at horiag No. 13 wnich i3
in an area of the Basin exposed the longest time. The maximum depth found,
1.3 ft, as at borings MNc. 60 aad 33, which ara locatad in proximity to the
two entrance gates in the fence on the esst side of the Basin. The increased
overburden depth in these areas may be the result of historic dumplag of solid
material into the Basin at these points due to their easy-sté;s;.evﬁo informa-
1oa was odtaliaed on sadinant depcias uadar che 1izull, alzlicesh past reports
(1, 2) have {ndicated that the sediment is thickar in thls area. This is prob

ably true, since the various salts coatinue to precip{tate from the liquid as
additional water evaporates.

s

Liner Condition

31. During the conduct of the boring in the Basia, specilal attention was
given to deternining the condition of liner as the overburden was removedl,
The fileld personnel inspected tha limar and noted {ts condition on the associ-
ated boriag lo3. Cvaerali, the iiner was fouzd o e Iia good condlizion with

the exception of boriag No. 2. In this area, the liner was liquified and had

A

2
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{

~ " <. - o Cad . - 30 = hrd : L3 bod T K * -
specsed o soma Jegra2 wmaxiagz Lt dIfflculs o Ldaatily., Iagil tol:z
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iaches ia diameter, wevre found i{a the liner al boviaz sites Yo. 13 and 13,
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The fiald perJounel indicated that the liner irregularities at these two sites

ware probably the result of poor app.ication techaique.

Classification of Soils 3eneath the Liner

32. As previously discussed, the cores taken in the Basin were field clas-
sified based on the USCS with the resulting information reportad on the boring
logs (Appendix B). This information was ohtained in anticipation of future
construction activities in the Bas}n wvhera such information might be useful.

In addition, certain contaminantsiéan often be associated with specific soils
witls ragard to adserpsicn or greslpitatica. Therafora, LI certain Ilatervais
were found to be contaminated, it might be possible tc relate contaminant dis-
tribuction to soii type.

33. 1In order to illustrata the variations in soil types found with depth,
a series of three horizontal cross-sections were prepared delineating the soil
classifications in the intewvals 0.1-1.0 f¢, 1.0-2.0 £t, and 2.0-3.0 fr. Very
l1itzle differance was found between the 2.0-3.0 ft and 3.0-4.0 ft intervals
and therefore no cross-saction was prepared for the deepest interval. The cross~
sectlon are prasented in Tigures 6, 7, and 8. Each'specific soil group 1is iden-
tified using a standard symbol. The group symbols are described in Table 5.

34. The predominant soil groups identified include siity clays, inorzanic
silts, and inorganic clays. Inorganic clays become more predominant with
incr2asing depth. The variatisa ia soll types with dé;ﬁh 3rar mach of she 3asin
can be partialiy explained by cgnsidering the physical setting of the Basin.

The Basin was constructed in a natural depression with the ground surface eleva-
clon da2cr2using {rom east o #esT and souch to rurth. Theratora, dikes were
constructed on the north and west sides of the Basin which entailed placement

of Eill. The soils found in the southeast section of the Basin probably repre-
sent the original, undisturbed surface.

35. All of the soil types identified provide some capacitv for holding=-up
or retaining of contaminants since they are Eine grained or contain clav or
both. Generaliy, the highar the concentration of clay in a soil, the hLigher
the capacity for retaining contaminants. 1In any case, if{ contaminants have
passad through tine liner in the 3asin, sufficient amouats snouid have bdeen

retalnaed in these soils to Ye avidant, -

9
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Analvtical Racsults

36. Due to the volume of the combined amalytical data, the results of
the analyses on the SWLP extracts and the bullt snalyses are detailed in Appea=«
dix F. A separate list of tables for Appendix F has been prepared and is
included in the front of the appendix to aid in locating particular data of
interest. The analytical results are addressed cnly in a summary fashion in
the following sections. |

Results o€ anplvses

on the SWLP extracts

37. As indicated by the data tables in Appendix F, the conceatration of
many of the contaminants in the SWLP extracts w.ce very low or below detectable
limits. As a rasult, it was decided to purge the data base of these low values
thus enabling the development of a less cluttered visible representation of the
data. Aétion level concantratioans for the coataminants wers used as a refarence
for either climinating or retaining a data peoint in the purged data basa. An
action level concentration is the EPA drinking water standard for a particular
contaminant, if one exists, or a recommended maximum concentration established-
by the Army for those contaminants without regulated drinking water standards.

38. A list of action level concentrations has been prepared by USATHAMA
for use at RMA. The action levels for the comntaminants of interest in the SWLP

extracts area as follows:

Parameter Action Level

Aldrin ‘ Hold to a minimum (assume 0.2 ppb)
Dieldrin Hold %s a minimum (assuns 0.2 -~2b}
Eadeia 0.2 ppd

Isodrin ' Hold to a minimum (assume 0.2 ppb)
DIMP 0.5 ppm

DMP ‘ No level set (assume 0.5 ppm)
Dithiane

Sulfone 100 ppb (zotal of all orgamo-sulfurs)
Sulfoxide

DBCP 0.2 ppb

Hercury 2.0 ppb

Arsenic 50.2 ppb

Fluoride 2.4 ppm

g




39. A pian mzp was developad for the pucpose of summarizing the pursed
dats Yase (Figure 9). Ail the contzminants found above thelr respectiva ac:ion
levnls in the SWLP? extracts of the horiaz cores from the four intervals under
the iimer (0.0-1.0 ft, l.0-2.0 ft, 2.0-3.0 ft, and 3.0-4.0 £t) are {dentified
with respect to each boring site on the map. Those intervals from which either
samples were not analyzed or no contaminants ware found in the extracts above
their action lavels, ara also Ldenzifiead,

40, The contamiants found in the SWL? extracts above their respective

.action level concantrations include Aldrin, Dieldrin, Endrin, Isodrin, organo-

sulfurs, 03C?, arsenic, an: fluoride. Some of the borings (No. 21, 22, 23,

57, and 79) ned a0 assocdatad antracis wiid coniaminaat concaatritions chove

the action lavels. Borinzs No. ! and 2 (in "Littie F") were found to have the
graatast number of contaminants in the extracts for all intervals. Thev were
the oniv boriags in which tha extracts of the cores from the 3.0-4.0 ft interval
verg found to contain oryanic contaminant concentrations above the action levals.
Thz concentrations of the contaminants {n the extracts associated with borings
Yo. ! and 2 wars in general highar than those asgsoclated with the othar borings.
Overall, tha results indiczated that subiiner soils associated with tha horings
outside of "Lictle F" are aot highly ccutaminatad. No particular corralaiion
was found between contaminant distrihution and soil type. Tais is probably

due to the fact that all the soils identified contain significant amounts of

clay and/or fine grained material.

i1, Tha 3UL2 tras conductad en ovarturiden samnlis asllzessd ag fivs to-in

3
sites including Nes. 1, 11, 14, 31, and 70. The contaminants concentrations

in these extracts wera found to he nmuch higher than in thosa associlataed with
giia D2ilow Liage sanmples. Ia additdon o the conzaicinanes Ldanciliad in gha
boriag core extracts, concentrations of DIMP and DCPD wers foynd in some of

the ovarburden extracts.

Ragults of the bulk analyses

42. Bulk analyses wera conducted on samples takan from the 0.0-1.0 ft
core intarval from borings Wo. 1, 12, 14, 31, 33, and 70, and on ovarburden
samples from borings NYo. 11, 12, and 3l. The results of these ocrganic and metal
analreas, as osravicusly {adizatad, 1r: prasancal 4n Arpeadss 7. Tz should ha

notad that the concentrations ol organics reportad for the bulk analyses ara



semi-quantitative in nature and should not be taken as absolute. The concen-
trations of contamipants in the bulk analyses range frem 2 to 5 orders of mag-
nitude greater thah the concentrations in the SWLP extracts. This indicates
that the SWLP extracted only a small fraction of the total amount of the con-
taminants preseat. The bulk analyses also indicated the presence of contami-
nants other than those analyzed for in the SWLP extracts. The reader is
reterred to the appropriate tables in Appendix I where these additiomal con-
taminants ara identifiad. The additional comtamipants identified iz tiie cora
samples are not of particular concern due to their chemical naturss and/or the
generally low conceatrations found. Of the overburden samples analyzed, the
cne from boring No. 11 was found to have the greatest number and highest con-
centration of organic contaminants other than those analyzed for in the SWLP
extracts. A number of these centzminaats could b2 of c¢oncern with vaspect to
dispesal of tha overburdan maiarizl, aven thouzh specific critaria or standards
are not available.

. Significance of Data with Respect to Basin F Closuras

43. The RCRA regulatioas pertaining to the closure of a surface impound“
meat operating under interim status are contained in 40 CFR, Part 265, Sub-
part K, Section 265.228. The regulations specify two methods for closurs of a
surface impoundment. First, if the owner or operator elects to remove the fol-
lowing: (i) svandieg liquids, (2) wastz and waste residues, (3) tie linec,
and (%) underlving and surrounding contaminatad soil; or can demonstrate that
none of these materials remaining at any stage of removal are hazardous: the
surface impoundment can be closed without being subject to additiosal require-
ments of Part 265 regulations. Seccndly, if the owner or opezator does not
remove all the impoundmeat materials or does not make the non-hazardous demon-
stration, the impoundment must be clesed and post-closure care provided as for
a landfill. The specific requirements for closurz as a landfill are in general
negotiable tut 2t a mizimum the ramaimiog liquid must be remevad by either trsuc-
ment or drying. The specific requirements could vary from placement of a final
cover alonp with a demonstration of positive control te pravent contaminant
migration as detailed in Section 265.310, to construction of 3 liner (possibly
igcluding 4 leachate colilection sysium) eau ple.cemens of a fimal cuvars as

YYa e : - A, $ e o LE-4 I Y] - s- ~ 3 e omn
detailed in Pawe 287, Iubpars D, Secsicns 257.21, 287.22, aad 257.22.




44, In crder to evaluaca the methods, a detevmiaation must he made of
vaiclh impoucdment matarf{als dare hazardous. A solid waste is dafined as a haz-
ardous wast2 under RCIL 1f it specifically listad in Section 261.31 (Hazardous

waste from Youspecific Sources), Section 251.32 (Hazardous Waste from Specific

" Sources), or in 261.323 (Discarded Commercial Chemical Preduct, Off-Specification

Species, Containar Residues, and Spill Residues Thereof); if it 1is a mixture

0f solid wasta and one or more hazarious wastes listad i{n Secztfons 251.31,
261,32, or 251.33; or 1if exhibits the charactaristics of iznitabilicty, corro=-
sivity, reactivity, or EP toxicity. The liquid and sediment in the Basin are
hazardous wastas since they are mi;tures ¢? solld wasta and one or more hazard-
sud wast:s ddentiffed fa tha Lis:s. Tl listad hazariocus wascas dlsposed of

in the Basin can in general be assoclated with leasee operations in the South
Plants. In addition, the liquid and an EP extract of the overburden from the
Basin have been showm to contain Endrin in axcass of the 0.02 ppm critaeria thus
exiiibiting the charactaristic of EP toxicity. This iaformation was daveloped
as requizad for £1iling of Part A of the RCRA permit application.

45, Therafors, it i3 laft to datarmine {f the liner and thae underlving
and aurrounding soils ara contaminatad. No specific tests have been conductaed
on the liner zatarial and therafora no absolute detarmination caaz be made as
to its hazardous or non-hazardous natura although, based on the RCRA criteria,
the ésphalt liner would probably not ba classified as hazardous. However, in
any anticipated construction activity in the Basin iavolving removal of the
1inu4d and gedimens, it wonlid b2 iapraceloal 1F not impossidia fto f2prala the
liner material from the waste matarials classified as hazardous.

4. With raspect to the surrounding soils, a detacmination must he made
a3 (3 ¢he wit2ac of conzamizazlon. The wvords "contamlnalz solls” @s used aa
the RCRA ragulations concerning surface impoundments have not bYeen specifically
defined in tha regulations. Howevar, based on the curreat philosophy being
userd Sy EPA {1 davelopilaz the ragulations, any critaria developed concarning
such contaminated soils will probably be based on tha potential for the soils
to act as a significant source of the contaniaation with cespect to migration
to underlyinz groundwvater due to leaching. The extent to which a contaminated
301l muat he ramoved will probablv have to ba negotiatad with the aporonriara
TigeadldI? dygancy.

A7, Ia tha ‘ptardm, unzil such time a3 tha rammlations ara fimslizad

and/sr negnttations hava Yeen complated, USATIAMA has davaloped a critaria hagad

t2
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on the resuits of the SWLP and directed that it be used as a guideline in deter-
mining if contaminated soils represent a migratiom source. The criteria is
detailed in the memorandum prepared by USATHAMA which has been included in
Appendix C. -In summary, the criteria is as follows: If the concentratiocn of

a particular contaminant in the SWLP extract of a soil exceeds 100 times the
action level for that coataminant, then the soil is considered to have the abil-
ity to ralease the contamirant through leaching at a level tequi:ing'positiv
contrel or ramoval tp praveat dagradation of groundwater quality. Thaerefore,
this criteria was applied to the s¢il samples collected from beneath the

Basin F liner to determine which soil areas would require positive control or
removal.

48. In applying the criteria, the action levels (as given in paragraph 38
of this revort) wera multiplied by 100 and the resulting values compared to
tha concentrations found in the SWLP extracts of the cores. Only the extracts,
from the cores collected at boring No. 2 from the 0.0-1.0 ft and 1.0-2.0 ft
intsrvals exhibited concentrations excseding the criteria (Figure 3). For the
0.0-1.0 ft interval, the concentrations of Aldrin, Dieldrin, Endrin, and I:zodriz
in the extract exceed the criteria. In the 1.0-2.0 ft inaervél, only the con-
ceatration of Dieldrin in the extract exceeds the critaria, althougi the conceg-
tration of Endrin is only slightly balow the criteiia. Thus, the soil bepeath
thes lines araund boriag No. 2 was the oaly srea found requiring positive control
or removal based on the interim criteria.

49. As discussed previously, voriag .io. 2 was tue cply locacica ia iz
study where the liner wias found to be in poor condition. Contamination in the
sediment in this area was probably able to migrate in high concentrations into
the soil due to the deteriorated coadition of tiae liner. In the other areas
of the basin evaluated in this study, the liner appears %o have maintained suf-
ficient integrity to prevent the migration of large amounts of contaminants to
the underlying soils.

50. Although the liquid and overburden in the Basin have been identified
a3 hazardous wastaes, tie intevin criteria were applied to tha SWLD extracts

"conducted on the five overburden samples to determine if the contiminant con~
santrations favad cpenadad chae azitaria, Comgantraticns i the entrasts from
four of the five samples were found to exceed the e¢riteria. Only the contami~

f4as Isacenboativas L3 tie SWLS exireds oa tha sverburdes samp.ls from Joviag

>
[ 23




No. 70 did not exceed the criteria. The contaminants identified whose concen-

trations in the extractec from the other samples exceeded the criteria are as

follows:
Boring No. Contaminants
1 Dieldrin, Endrin
11 Dieldrin, Endrin .
14 Endrin, organo-sulfurs
31 Alaria, Cieldrin

Tharefora, basaed con tha iatarim critaria, somg rositiva ceonirzol or ramoval
action is required for the Basin Frsediment regardlesz of the renuirements

imposed by the RCRA regulations.
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. ’ PART IV: CONCLUSTONS AND RECOMMENDATIONS

Conclusions

S1. The conclusions drawn from the evaluation of data cbtained in this
studv are as follows:

a. The denth of overburden found ahovs the liner in Basia ¥ variles
from N.65 toll.B ft. This vafiation is probably due to wind aro=
sion and deposition, precipitation of salt frem the liquid, and
dumping of wasca sollds inco ths 3asin. The depth of sediment
beneath the current liguid pool will probably be as great or
greater than the naximun depth of overburden identified in this
study due 2o continued deposition of material as the water portion
of the liquid avaporates.

b. In general, the liner in Basin F'in the.study area 13 in good
conditlon with the excaption of the area around bkoring VNo. 2.

' It appears that the asphalt has béen attacked and dissolved in
this area. Thereforas, the posgibility 2xi3:3 that there may be
other areas in the Basin not investigated in this study in which .|
the liner has detariorated.

¢. The predominant soil groups identified as underlying the Basin ¥
Idnar lsclicda silee zauds, flaorszaaie siles, aad inorzoatls elars.
Inorganic clays bacome more pradominant with increasing depth.

All of the soil types {denttified provide some capacity for rataine
ia; contazinants due to helr cluy coantant and fine gralimed chacacs ‘
taristics. Therefore, of the contaminants passing throuch the |
iiner, sufficlent amounts should have heen retained in the soil

to bYe evident in e fests conducted.

d. Coataminancs fnund in the SWLZ extracts of the helow liner soil
coves in axcess of their zespec:;ve action lavel concantration
includa Aldrin, Dieldrin, Zndziu, lsodrin, aréano~¢ulfur. PRE2,
arsenic, and fluovide. RBoriage Mo, | and 2 {n "L{c2las 7 had ehe
gr2atast Junber of contunirants in the extracts foc ali intervals.

‘ Ia genaral, the gails assnsfaze! i3l tha bardass alazad setadd:

of "lLittla F' wers not fuund to he hizhly contaminatad.




‘No particular cocralaticn was found between contaminant distribu-

tion and soil type,

The concentraticns of contaminants in the bulk analrses were gen-
eraliy fouad to Ye savarali ordars of magnitude greatar than the
concentrations in the SUWLP extracts indicating that the SUL?
extracted onlvy a small percentaze of the total amount of each
contaminant nresent. Therefore. 1f the SWLP is assumed to simu-
late natural leaching conditions, the soils and overburden repre-
gented by the samplas collected in this study could potentially
¢ontinue to serva ag’sources of contanminants for a iong period

ol time.

The liquid and overburden in the 3Basin are hazardous wastes since:
(1) they are mixturaes of so.id waste and one or more hazardous
wagtas spacificaliy identified in the RCRA regulations, and (2)
the liquid and or 7P extract of the overburden have been pravi-
ously shown to contain Endrin in excess of the 0.02 ppm c¢ritaeria
and therafors exhibit che characteristics of I? toxicity.
Although under the curvent RCRA criteria, the asphalt iiner -would
probably not bs classiliad as hazarvdous, 1f would “a Llmpracticai
if not impossibla to scparate the liner materisl from the wasta
materials classified as hazardous.

Based on the criteria devaloped hy USATHMAMA, the soils assoclatal
with 0,0-1.0 ft and 1,0-2.0 f: intervals at borine Nn, 2 (1in
"Little F") were the only underlying soils evaluated in this study
that ware determined to represent a contanminaat migration source.
Th2 eantuminiadcs Srose concentzatiory fa the FUL2 avtracts wera
found to axceed tha criteria include Aldrin, Plaldria, Endrin,
and Isodrin.

Contamination {n the overbucdan in provi~ity to boring stta Yo, 2
was probibly able to migrate in high concentrations into the undar-
lying soil due to the deterioratad condition of the liner. 1n
the othar areas of tha hasin avaluated in this studv, the liner
ippears to hava -~aintained suflficiant {ntegrity to saverly Llat:

snet rlerttisn.
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ciosure of 3a3in

k. “Conczatrations of carrtala enntaminants in the SWL2 extracts of
the ovarburden ia the Jasin axceeded the USATIAMA critaria
and thus the overhurden was detarmined to represent a contaminant
migration sourca in addition to beiny pravicusly identified as a

hazardous wasta.

Recommandations

The following recommendatious are made with regard to the eventual

T
.

(4]
”
3
™
'
)
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2. Aar flaal ciosure alternaliva coasllared I
address tha remeval and/or traatment of the liquid, overburden,
and liner to the degra2: required undar the RCRA regulation in
effect at that time. In addition, positive control or removal
actions should be {ncluded for the contaminated scil underlying
the liner in "Little F." If ramoval is selacted as the appropri-
ata ac:ion Iin the "Little 7" area, the soil should be excavated
to a minimum depth of 2 ft.

b, As the lijuid poél ramaizing in 3asin 7 dacreases in siza, addi~

tional investigations shouid be couducted in that area to dater=~

mine the axtent of contamination in the soil underlying the liner
at that peint. The results of thig study (nd{cate that a simpla
phesizal Lasmaction of 2 Lizar il srovile o jood fndilcazien
of potential trouble spots without additional extensive horins,
sampling, and analysis. Puture investigations should be concene

5 3
e

)

N oaraas wass2 h2 Linap s Jfouwnd o e laotariovitad oo

breached.



REFERENCES

l. Buhts, R. E., Francingues, N. R., and Green, A. J. 1979. "Basin 7 Inves-
tigative Studies: Report l, Chemical Assessment and Survay,” (S Army Eagineer

-

Waterways Ixperiment Station, CE, Vickshurg, MS.

2. Mullen, J. C., Olsen, R. L., and Tayior, D. 8. 198G, '"Investigation of
Bagin T Solution Altarnatives,' D'asvalonia Consulziaxg Engineers, Ine.,

Nenver, CO. -

3. U5 Aray Iagineer Waterways Zxperizent Station. 1960, "The Unified Soil

Classificaction System," Techaicali llamorandum Yo. 3-357, Vol. 1, Vickghyrz, “S.

33



FIGURES

(v
&~




General site =ap oJ Acexy lvuncuin Arsenal (Vi) shewing
the locatlon of Basin F.




SNOILVYI01
@ 9NtHoga

g anotl

*d HEsef UTYIIM S33TS Tutang Jo uciierey

‘g 2andyg




\

—— SAFRCL

+—— PLASTIC SLEEVE

N D N e e e A G Y Gk G D S s i W

Fizurey 3. Cut~away viaw o8 314

19



PLYIOCD =

1
WORKING ]
]

SURFA CS\
BACKSILLED

‘v"ESEfJSD.‘E:V

BENTCNITE SEAL

N

L8
.

3
]
O
3.

y

- — — —— " —

WO NN N NN\ NS \/.\<

soIL

\ /
JI ‘\.
% 4
q P
N vd
L .
7
N s
\ 7
s M
s %l

”| .
4

4
s .

?\

-—j/f:‘w sonoTLIE
STEEL CASSIDY

UNDISTUREED
OVERBURDEN

1.7 (TYP)

v

SONSONE NG N N

ASPHALT LINER
1747 < 1,2 (TYP}

SO

4.5°

L 3
s




“(12) uadep IUDUTPIE  urseq S Daniit .

\)\'].I\\‘I\“(‘I!:QONQ — :ll’/

SNOItv207
@ 9NIHog

g aginoy




TJIULT 91y MOTOq “3F 9°T -

SNOI1Y301
M 9NIYog

g ainon

0°'0 ‘o ugseq ug sadhjz 1108 Jo HofInqraasiqg

‘8 Bam.itd
\Ii‘lﬁl\\l\/lllocwu.llﬁ}/
. e -
| <l : h
@ N-ns
€l Y
NS i .
——— — T ——

40

g~ AR . S8 LD o

/ vr-ns
. oozg L

TINIILED LA 1-0 18708 HINrMens 4 Mo g




‘ f~ A I - - - <
TOUTT a3 mepag cqy gen 071 “a urseq uy sadhy ryos Jo uorIngraspg - Sy

P TTT—002g — ~
\\\ -M.m %
../, 1] ’ ns
Ny R
SNOLLYD0) //...I..lll)..l...l.li..\.l:lll!!l
D 9NINog
T
5]
. 2l
~
~
/ e
|
\ ~
I O ~t
2z ~
T0 “
\ nho-
~
.. o \
. ’ h 2c
Rl
\ / n«m
; 1
/ T ——

LAY L4249 ISTes Y3Nnans 4 ilsvg

1.y




“JBULT oYl

SNOLiv201
D 9NINog

mu amnon

1] 0°C ~ 0°2 ‘4 ugsey uf sadhy itos JO nor3nqyaisgg

—

% woo
0 .\.m..\.w.
mom paL
0 .
-
2 :
&

’ /0L N
1 WI-NS
s..\‘\\\\ /h,
: S

oo0ze ‘l|w\|P

TVAYILNI L4 €-2 1STHOS ¥INIEns o nsvag




Fipmnoe 9,

Cont amlnant s

&3

tdentifled tn the SHLP extrae

2 of the =oilte in Banin F.

R
[~1~1~}4
3333

Q) vouw

@ 8soRING LOCATIONS

ALORIN

DIELDRIN

ARSENIC

ENDRIN

ISODRIN

FLUORIDE

SULFURS

osce

ACTION LEVELS NOT EXCEEDED
NO SAMPLE NOTY ANALYZED

® INDICATES CONCENTRATION
EXCEEDS 100X THE ACTION LEVEL.

NOTE NUMBERS IN PARENTHESES
DENOTE INTERVALS BELOW
UNER AS FOLLOWS.
{1 = 00- 10 FT
2) = 10 - 20 FT
{3) = 20 - 30 FY
4) = 30 - 60 FT
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SOIL BORING PROTOCOL WITHIN BASIN F
. . ROCKY MOUNTAIN ARSENAL

1.0 INTRODUCTION
1.1 Overview
Rocky Mounzain Arsenal (RMA) is located in Commerce Cicv, Coloradec, north

of Denver (Figure 1). Since its establishment in 1942, XMA has produced numer-

ous munitions or has been involved in the demilitarizacion cf chemical mumizions.

1946, portions of the manufacturing fagilicties at RMA were leased to privacta
~ indusctry for preduction of various pescticide macerials. Sinci 1952, the major
lease holder nas besan :the Shell 01l Company.
Un-site induscrial waste effluents have been discharged into storage
basins/impoundments locacad on the arsenal. The capacicy of these basins was:‘
I’ by necegsizy, increased over time in order to accomodate grmatar volumes cf

waste effluyents from increased on-site productiocn activities. On-sice storage

lagoons were idencified as Basins A, B, C, D, Eand F (?igurc 2).

Basin ¥ was constructed in 1955-1956. This basin is approximately $3
acres in size and has a capacity of greacar than 243,000,000 gallons. Con-
struction of Basin F included a low permeability liner to prevent chemizal waste
infilcration into the groundwater svstem. This liner consists of catalytically
blowrt asphal: with an additional l2-inch thick sand laver.

Inically, waste input to the basin was pumped from Basis A. Problems as-
sociated wich scorvage of liéuid wastes Iin Basin F are basically as old as the
basin irself. Inicially, problems encountared were due to cverflow of ligquid
28 a2 funceion of wind inducerd wave acsivicy and the lack of ri;rz:. Tears in
the liner were also found and afzer pumping some of the basin concents inco

' : Basin C, the liner was repaired and riprap installaed.
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0 effluent waste streams are cireccted ¢ Basin 7. To édats

oy

0 influent to :he‘ basin is limiced cc iniilzracion to the sewer line which oriz-
inally fed che basin.

Studies of and in relaction %o Basin T have indicaced that the torm liner nas
been exposed to liguid waste and that groundwacer contamination has oczurred
as a result of thi; basin.

Numerous RMA and Basin F specific remediatior scenafics have been propcsed
and sctudied. To dacte, the remediafion aficrts have been based on natural liquid
evaporation o0f the tasin conmtents. At this time, che liguid in zhe basin is esczimaze
to be less than 50 million gallons.

The purpose of chis effort is te develop a doring/sampling sretocol
in ordar to collect below-liner soils to quantify the degree of contamination,

1f ant, and depth. This effort and the subsequent laachaze analysis programs®.

will be used zo develop the design criteria for proper closure of Basin T.

1.2 Licuid Comwosition

The aqueous wastas present in Basin F are primarily the result of on-sica
munitions manufacturing and demilitarization operacions, and pescticide manu-
Zacturing bv Shell 01l.

Major components ‘a the Basin F liquid are presented in Table 1 and sadi-
menced/solid waste constituants are preasented in Table 2. These daca are basad
upoa‘analytical results reported'in Augusc, 1978. Concentrations of these con-
scituents in the aqueous phase may be higher than lisced in Table 1 a; a function
of che volume reduction/evaporacion processes currencly underway. Addicionalily,
other organic constizuents have also been cua izatively confirmed as being pre-

sent in Basin 7 liguid. These constituents include p=chloroonenvimechvisuliide




COMPONENT

TABLE 1

WASTZ BASIN LIQUID ANALTSIS

COMPONENT ANALYSIS RANGE

PARTS PER BILLION
Aldrin 20 - 480
Isodrin <1 - 17
Dieldrin 5 - 110
Zndria B <20 - 123

PARTS PER MILLIOM
Diiscpropyvimethylphosphonata 6 - 55
Dimethvlmethylphosphonata 320 - 3,750
p=-Chlorophenylmechylsulioxide 4 - 10
p-Chlorcphenylimechyvisulfone 19 - 78
Chloride 47,500 « 57,500
Sulfate 20,500 - 32,50C
Copper 709 - 760
lron 5-13
Nizrogen 112 - 130
Orthophosphate 99 - 131
Hardness (as CaC0,) 2,090 -~ 2,850
Total Solids 140,000 - 174,000
Fluoride 110 - 117
Total phospnorus 2,060 - 2,170
Arsenic 1.0~ 1.3
Magnesium 35.6 - 41.2
Mercury 0.026 - 1.353
Cyanide 1.64 - 1,53
cop 24,400 - 26,000
70C 20,200 - 22,800

(Sourze: aAsseli: anc Hildebrandz, 167§

Y
3
-/




TABLZ 2

WASTZ BASIN SEDIMENT ANALYSIS

COMPONENT COMPONENT ANALYSIS RAaNGEZ
PARTS PER MILLION

Aldrin 16 - 10,700
lsodrin 2 - 870
Dieldrin = 4 - 3,600
Endrin 2 ~-1,100
DOT <2 - 198
Diisopropylmechylphosphonate 1-10
Dimethylmethylpnosphonata <1l - 82
p-Chlorophenylmc:hylsulfone 14 - 290
Copper 230 - 21,000
Iron 190 - 11,000
Total Phosphata <l - 34,300

(Source: Asselin and Hildebrandec, 1978)
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angd oxathione. . |
Varving concencrations of some of these same consticuents have been Zound \

in surrouncing groundwater monitoring well samples indicating Zasin F as 2

contacinant source.

Geologic Charactar

The general subsurface conditions in thé vizinicy of Basin F consist of a i

surface fine to medium grained sand that varies in thickness from less than one

foot to as much as fifteen feat. Underlying this surface laver is a clay-like
silc to clay-like sandy silt te clay~like sand Zhat may be as much as twenty
feer thick. Underlving this sediment is coarse to very coarsa sand that, in
some rlaces, is quite gravelly. This is the unit that makes up much of the

neaz~§urfaca agquifer over the Arsenal and, in the vicinicy of Basin F, 4it is -

%
*

saturated in the lower portions. The undarlying bedrock is pradominantly a
mudé:one of the Denver-Arapahoe formation that varies in depch from abouz chiree
to sixzy {eat.

This underlyving bedrock surface is the subcrop of the Paleccens Denver
formazisn. The Denver fnrmaction contains clavs (or clav shales), sands, sil:c-
stone and sandstonn.layers or lansas, and a variable thickness (desaribed as
being up :o‘lOO feaz) basal shale (but also described as containing sandy
materials). The shale strata is part of the Denver formacion and is considered
by pe;sonnel of the State of Colorado Division of Watar Resources to be a
"pufier zona" forming che basal Denver formation which coverlias the Crscacaocus
Arapahocae Zormacion.

In the viciticy of che basin, the bedrock suyrface, on the Basis of the
borings avound the reseTvolir, grpears 2 have lit:ils relief om {3 and the gen-
eral slope on chat surfiaze is norzhward. Thae highes: bedrock in the vicinizy of

Sasin T occuss in the southaas: corner where darsh 20 badrock is lass than 40 Jae=.




svéreleogic Secsing

The general hyvdrogeologic conditions at Basiz F are schematically illus-
trated in Figure 3. This illustracion assumes direct leakage from the basin
and presents an oversimplified descriprion of the existing subsurface soil
conditions.

In order to understand the groundwater condizions in zhe vicinicy

(a1

of 3asin ¥, 27 monitoring wells were installed around its perimezer. These

waells are used for both water gualiczy, as referenced in section 1.2, and water
level determinations.

The groundwacer pattezn in the vicinity of Basin T based upon the perimerer
menisoriag wells is illuscrated in Figure 4. Addicional water cacle (alluvial
aquifer) contours for the region north of the basin and for che majoricy of :Pe
arsenal as a whole are presented in Figure 3 and 6 respectively. ‘

The principal flow component undermeath Basin F is in a northarly dir-
eczion. Aalong the north side of the basir a groundwater civide occurs and
resulcs in two principal flow components, one in a north-wasterly direction
towards the norzhwes: boundary, and the other in a northeast direczion towards
the norch poundary. Along the east side of the basin, a minor norcheast flow
component occurs. Minor west and northwest flow components alse occur along
south and southwest areas of Basin F, respectively. The gradients on the water
:abl;.vary between a high of about 0.04 tc less chan 0.002. Tha avarage grad-
ient is abour 0.01. The staepest gradient occurs in the vicirity of the souch-
aast corney of Bagin T and mav relacte to the facr that this is the area in

which the Zine tc medium grained dedrock sand occurs.
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3.0
3.1

The boring and sampling program has dDeen designed t¢ odtain a suflicient
nundar of 00i) samplas such that the ultimate goal of deveioping a design
criteria for closure of Basin T can be accomplished. Therefore, the boring/
sampiing program must be a cost effective and expediate study.

The §oring/samplins prograc consists of twenty (20} doring sites located -
witnia Basiz T and "Liczle F" (Fijure 7). This orogram, as presernted in
gTeater detail in a later secticn of cthis rTeporsz, will de >ased on spli: spoon
sampliag to & depth of four and one half feet. During cthis fieid eZforc, it

is estimated thaz appreximately 100 samples will be generated.

FIELD PROCEDURES

Establishment of Staging Area .

Prior to any work being underctakez within the fenced ares of the bvasin, a
staging area immediately adjacent toc Basin T should be established. A: a min-
imum, the stcaging area should include the necessary equipment and materia’s to

be used for one day's activities. This area should also be located in close

-
- -

proxizmicy 2o the boriag sites but outside cthe fenced area. Possincly, che
buiidings locatec adjazen:z to the basin could serve as this staging area. This

area will also serve as the personnel decontamination zone pricr Ic anv perscnnel

involved in the boring program leaving the vicinily of the basin for any purdose.

Iz is anticipated that :his's:aging area~could house all equipment anc
supplies. Additionally, it is proposed that a truck towing a small water tank
will accompanv the personnel responsible for the actual boring work, into the
tasin area and will be located on the perimeter road as close to Ine working
area/bore hcie as pcss;bla.

The actual eguipnent to be storecd in the staging arsz 1s gresentes In

a later section o tnis document.
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3.2 Zsczatlishwment of Soring’Sampis locations
' Pricr to aay boring acctivities, stakes/matkers will be placed a:t the

approximate location of the proposed boring sites as indicated in Figure 7.
Location of ihc boring sites within Zasin F carn bde accomplishec using a
surveying tape and a Bruntosm compass. Special attention will have to be paid
to the sites located around the iiquid boundarr. These boring sites must be
located as near to the liquid boundarr as possibie.

Upon completion of all botiéé activicies, the exact location and elevation

of the boring sizes will be eszabiigshed via standard land surveviang procedures.

3.3 Boring/Sampling Procaduraes

Upon staking/marking of the bore holes, the following step-by-step pTo=
cedure shouid be followed to collect the sub-liner scil samples. The foliowing
prograc musc be strictly adhered to in order to avoid anv cross conctamination
of samples Irom sludge materials above the liner and/or rom differenz depths
below the liner. Faliure to follow these procedures could produce :esulfs chat
would indicate a greater contamination depth than actually exists. -This in-
accuracy due to sampling error, couid easilr result in =zillions of doliars of
additional remedial expenses if excavation and disposal of soils beneath the
basin are event:uallv under-aker.

STEP 1 Locate boring posi:ion and pre-label all sample bottles/boxes

-
S

prior to actual boring activicy.
S 2 Remove all overburden (sludge) down to the asphalt iiner within

an area cf approximaceiy 3' in diameter. Use extreme care so as

not to oreak the liner material.
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o

Seas a 24" ID x 2 1/2' tall galvanized steel casing Ziato but no:
througn the asphal:, sealing the cutside contazt bezween the
casing and asphalc with bentonic

Place the 3' x 53' plywood werking plactform with its 30" center
opaning, around the galvanized steel collar.

Carefully clean out any remaining sludge or debris within the

collar. -

1£ necessaryv, apply absorbent material inside che collar to re-
move any liquid. Throughout the boring/sampling operacion,
carefyl attention must be given to anv fluids entering the

collar. If this occurs, add addizional atsorbent and remove

with a small shovel or similar devica. .
Construct a hole in the center of the asphalt, eaclosed by the
collar. 7This hole should be constructed with a hard auger through
the asphal: Sul should not be allowed zo penezrate zhe underlving
soils. The auger used .or this purpose shall no: be used for
purposes of sample collection.

Set a 4" ID x 2' SCH 40 PVC flush threaded joint casing through

the asphal: and into the soil. This step and latar steps refarencing

PVC casing mayv not be necessarvy if the subsurface soils are
capable of mainraining the incegrity of the hole withour suppors:
Using a split spoon sampler equipped with a plastic liner and
attached to an A4 or AW rod, advance the split spoen 1 1/2°.
Advancement of the 3pliz spoon will be aczomdlished 5y scoiking

a coupling with 3 sorid tap attached o 2 and o7 Ine A or AW roé
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STZP 1

o

STEP 12

TEP 13

STZZ 14

st=2 13

.Rec:ieve zhe solir spoon with the use ¢f pipe wrenches and
cwiseing/surning/sulling the split spoer and 4 or AW rod ous

of cthe boriag. I retriaval of the split spoon and 4 0T AW

rod cannot be accomplisned wizh the use of pipe wrenches, it can
be retrieved by using a rripod and pulley set up.

Place the portion of the sémple retained in the shoe of the spliz
spoon into a wide mwuzh iar. Remouve the plascié liner {roem the
splic spoon and cap. Label both thae jar and plasctic liner as to
bore hole #, sample #, sample interval and date. Place all
pertinent informacion including sample inzerwval, field description
and sample number on the boring log for this locacion/sampling
point. i ~
With a wire bru;h, clean off all scil from che spliz spoon and -
any otnher equipment or utensils used ia obtaining the sampla.

Place spliz spoon and/or otaer equipmentc. over i bHucket and thoroughly
rinse with water and then acerone. A second clean split spoon

can e used for sampling while the other is being cleaned inm order

to hasten the sampling process.

Advancs the bore nole with a hand auger o the base of che spli:
spoon sample incerval depth.

Attach another 2' section of PVC casing onto the first saction.
Throughout the boring process always acttach the next section of

PVC before the threaded portisn of the casing is advanced below

the top of the collar. This procedurve is nacssgsary in case the

use of strap wrenches ig needed o tighcen the casing sactions.
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STEP 22

S$TZP 23

-l

*Acdvance PVC casing to bottorm of hole. Note that casing is

sectling at the proper depth. If not, remove encugzh scil teo

se: the casing properly and remcve any soil debris from the hole.
Advance split spoom 1 1/2 fest and remove. Place sample within
the shoe ol the split spoon inco sample jar and cap plascie liner.
Follow labeiling and logging procedures as outlined above.

Follow cleaning procedures presenced iIn Steps 12 ané 13.

Advance PVC casing as described in staps 15 and 186.

Continue sampling procedura as presanted in scep 17 uncil field
analvtical resulrs indicate sampling caz be terminataed or at a

maximum depch of 4 i/z feect.

Upon complecion of the bore hole, move samplas to the staging ‘area.

At the staging area, . cograph each split spoon sample using a
35 m= camera acztached o 3 =Tipod., Describe the phvsical ‘
characteristics of the sample recording this descripzicn on the
voring log.

Obtain samples, at least 100 grams, from O, 1', 2', 3', &' depthns

and at any depth where a noticeable lithological tramsitionm occurs.

Place each sample ints side mouth jars. Label each jar as to
bore hole #, sample #, sample interval and date. Seal sample jarz
with custody tape and initiace chain ¢of custody sheet. Wrap
remaining spliz spoon sample and label as to bore hole #, sampie
interval and date.

Place sample ‘ars and remaining split spoon sample in labelled
ey and ia an ice chest. Maintain samplas under relrigeratad

conditiorns.



)

3.4 Samzle Cuszodw

Upor zolleczion of sudbsuriace Basin T scil samdles each sudsample will
be piaced i pre-cieaned and labelled glass jar. A1l jars should be sezied
with custody tape andé immediately placed within an ice chest for eventual
sample shipment.

After sample c¢ollection, all perzinent information should be immecdiarelw
logged on the chain of custody re€corc sheez. An exampla chain of custodv form,
wiich in this oY & modifiad form would be useable for this purpose, i agpendicad.
It is anticipated that each boring locazion would utilize a separate custody
sheez. Upon corpletion 92 each doring the sheet must de signed by the sampler
and maincained with the samples. Upon relinquishing the samples, the shipper
should sign/dace the Zirsct "recaived by" block en the forz and the sampler -
shoyld also sign che first "rellinquished by” block. IZ as is ofcen :hg case,
zhe shipper does no: agree to sign the éus:ady form, this should be so nozad iz
the "'comments’” block. The form would then be placed inside the ice chest and
the chaest itself should then alsoc be sealed with custody tape.

IZ the shippar agreses 2 signi:j the form, the form shouid e afixed 2
the ougside of she ice chast wiere the receiving party could retriave and sign
upor racaip:z. It is also necessary ac chis cime for the shipper to re-sign
the.fora in the second "'relinguished bdy” bi;:;. |

IZ the shnipper did not agree tp sign the document, the receiving parcy
should:

1) aexanine che qustody tape onm tha chest
2) ramove che custodv tape or the zhest

3) noza in che corwent tlock the condition of raceipt (ige chest
ané iadividual samsle’

134

AL this tima, wizh or without the sizmacure of the shipper, the =rird copy ¢f

-

the form shguld e returned ts the sampler,/iirm responsiple for samsling. The

original should accompany the samples until dismosal of or archives viszh ghe

.
r

ﬁ

second copy being mainrvained by the samgle gusteodian receiving the sarmdle shipment

RECRA RESTARCN, NG,



@ 2,5 Goouzing/3oring Closure Procedure

Upon complietion of the bering/samrle acquisizion o che £ depth.o:
depth indicated by field testing procedures cutlined in seccicn 3.3, each
boring musct be closed via the following grouting procedure. Failure to close
the bore.holes proverly willlead to sub-surface contaminaction if such contam~
ination has not already occurred.

TZP 1 Az zhe staging area, grepare a grout consisiing of Porcland
cement and bengonite. Use 107N bentonite and ac wore chan 7 gal-

lons of water per bag of cament.

STZ?

"

Grouc shall be placed by slowly pouring the above material down

the casing and slowly removing the casing simul:taneously. The

casing will not be raused. "

1.0

If removal of the casing by hand is not possible, a tripod and

‘E’ STZ?

pulley should be ser up on the working placform. By wrapring a
rope around the casing and using the sulle, the =asinz can de
ramoved.

STI2 & Grous materials shoula b»e added unctil complataly filling the hole

up to the top of the gaivanized steal casing. Ting the period

4y

of the first dav af:tar zlacemen:z of the grouz, iaspaction of :he
closed bore hole must be made in ordar to evaluate any subsidanca
of the grout matarial wizhin the bore hole. If subsidence has

occurred, additional grouting wiaterial should be added.

&

[ -
A . WP G ¢k "-O"




. STZ? 3 Upon complezics of the gréuting. the rnumbered stake should be
re~established into che cement/bentonite grouc. Upon complecion
0f all bore hele closures, the exact location and elevation will
be determined via standard surveving technigues.

STEZ 6 Clean all equipment accerding te the procedures outlined in

Section 3.4. Remove used PVC casing and store separvately within
the confines of the fenced area of Basin F. Empty wasta solvent/
wastawater into a waste solvent container. Collect and inventory

all aquipment,

RECRA RESEARGH, INC, -2]-
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.0 SAFZTY PROCIDURES

From both & safety ané cperations pcint of view the above program will

h

Iy
]

s

involve a full time commi:zmen:z of at leas:t thrse (i) pectie for the duration o
boring/sampling program. Onlyv personnel well trained and experienced in
deconcanination/safecy procedures snould be emploved for nurposes of completing

this work efiore.

within che fepcaed area of 3asin T:
1) steel toe bdoots
2) disposabla all purpcse coveralls
3) knee high rubber boois
4) cotton gloves .
5) plastic/rucbar ctarsloves
6) bnard hat
7) full face cartridge tvpe raspirator
If for anv reason personnel must leave the area, standard personnel
decontaminazion procedures inclucding removal of and/or disposal of procecrive
equipnment, ;ashin; atc. will be accomplished. All respiractor cartridges will
be raplaced on a daily basin or whenever odors are dacsctas. No eating, smoking
or chewing will be allowed when personnel are within the fenced area cf Rasin F.
All disposable supclies and ecuirment shoull be depssizel irn a 35 zallon dr
for eventual disposal eizher om- or off-site based upon the current RMA policy.
Addicionally, prior to beginning any work at che ctasin, an emergency
communication necwork should be astablished with the arsesal's securizy szaf?.
The staging area will nolc ne supplr of znose safacy arzizlas previouslvy

mantioned and will alsc house ancillazy sagfasy Ltams insluded Lo the zuizment Lus

provided in section 5. Specificallv the required ancillary equipmens will

R
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include Scott air paciis, Iirst aid ki, eve w2sh Dotiles, fire ex=zinguishar(s:
and spray attachment for wager 2ak It be us~i in the sase of smeIgensy.
-Special attention must be paid to the c--ntrol of contaminant materials
on personal clothing upon daily/final depart-:re of the site area and regularly
worn clothing and/or articles such as watzhbsnds, and hari naz
liners.
5.0 EQUIZMENT LIST
The following equipment list assures a ~uifadle scaging ares and a truck’

venicle capable of pulling a portadle water fank and holding necessarv ancillary

supplies.
5.1 Survev/Marker Tcuipment

a.) Brunton compass

) .

-} Survey eguipment insluding «ripod, iransit and stadia rod

100' steel surveving zage

é.) takes (40) and flags

£.2 3oring/Sam=line Eouis-men=

a.) S5' x 8" x 3/4" plywood with ¢nntared 2-1/2'_diamntez hele
5.) 2’ sec:ions of 4" I.D. SC% 40 PVC flush jeint casing (70)*
¢.) 3=1/4" cylinder diameter raegular hand aucar head (3) '
d.) Cross handlae for auger (2)
%.) Augar extansions
= 4' extansion (1)
- 3 tension (1)

- 2’ extansion (2%
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¢.) Por=acle water zank (1:
h.) Absorbent materials (50 lzs.!
i.) Ice chests

3.) Reagent grade acetone (3 gallcns)

k.) Wesze solvent conzainer (1)
1.) 7Tzipeé (1)

-~

m.) ©Pullevy andé rope with snap hook (1)

33
wn
'U
..‘
.u
o
("}
‘U

ocon sampler with basket shoe and coupling ©o atzach 0
A or AW rod (2)
o.) Plastic tube inser=s for centar section of split spoon (130"}

and caps (120)
P.) A or AW rods .

.

- 5' seacticn (1)
- 3' section (1)
- 2' gection (2)
g.) Threaded couplings for A or AW rods (4)

(3;

r.) Coupling for A or AW rods with solid <o
s.) Coupling for A ur AW rods with ring actacament
t.) 1' wirs or rope with snap hooks at each end (1)

¢.) Wash botzles (4)

I AN
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’ ¢.) Miscellaneous tools ans gupplies

: | - bering logs

- chain of custody record and sealing tape
- pens, pencils, mggi: rker, chalk and/or crayvons
- wide mouth bottles (2 gross;: precleaned)
- bottle labels

= 14" pipe wrenches (2)

- machinist files (2)

- 1 1b. siedge hammar (2)

- 6 lb. sledga hammer (2)

=~ 8% scraw driver (2)

- wira brushes (2)

- cleaning brushes (2)

~ hammer (2)

-~ hack saw (1) with klades

- putsty kniZe (1)

- strap wranches (2)

- coal shovels (2)

- wisk brachs (2)

« hand spade (1)

- 3% gallon duckats (3)

- 1l€' retractable carpentar tape (1)

-25-
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w.) Photograpnis ecuipment
- 35z camera with f£lash attachment

- encineer scale or equivalent

- ¢lose~ur aextension device

* Nota: If£ during the advancemen: of a hcla the use of zasing is not necassarw

. -

£s maintain the integzity of the hole, the ?PVC casing may be

eliminated.

.3 Clcsure Susolies and Ecuizment

In addizion to eguipment and supclies already availaslas as a funcsion
of the »aring/sampling procedure, the following is regquired:
a.) Porzland Cement
=.) DBentonice

c.) Trough for mixing of cement, Dentonize and water

d.) 1" diameter wood dowel (6')




S— == l

a.) DSissssazlie all zurpcese coveralls

D.) Xnee nigh rubber boots

c.) Cotzon gloves

dé.) Plagtic/xubber covergloves

e.) Hard hats

f£.) Hardé hat liners -

g.) Tull face reszirators wi:h suzzly 2f replacement cartridoes
n.} Open top 33 gallon drmux=

i.] Sgott or ecuivalent air packs

j.) Pirst aid kis

k.) Eve wash (2} | : . .
1.} Fire exvinguisher(s)

m.)} ZImergency shower/spray attachment Sor water tank

e 4 . a o o
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DRXTH S - 18 November 1981

7, ..t

MEMORAMDUM TO: ALL RMA [R PROGRAM PARTICIPANTS INVOLYED IN SOIL COMTAMIMATION
DETERMINATIONS

SUBJECT: Protoco! to Determine Migration Potential of Contaminated Soils (Solid
Waste Leaching Procedure)

1. Objective: To estabiish program policy for the determination of migration
potantial of contaminatad sofls at RMA.

2. Discussion:

a. Problem definition studies performed to date at RMA have been orfented
to (1) define the extent of groundwater pollution beneath the Arsenal and (2)
locata its primary sources. Through guidancz from the State of Colorada, the
"action level” for thesa studies have been set to be drinking watar criteria
established by EPA or the State, whichaever i{s more stringent. Oevelopment of
Government control strategies for the migration pathways is initiatad when
groundwater contamination reaches the aforementioned "action level."

b. Difficulty arisas when one examines the source areas to detarmine the
extent (area and voiume) of contaminated matarfal that should be controlled.
Historical records are often imprecisa. Groundwater surveys typfcally are not
detailed enough to locate accurately the point of pollutant introduction into
the aquifer. Lastly, due to the lack of corresponding “action levelis” for pol-
lutants in soil, any nrevious soil sampling has baen only exploratory at best.

c. Varfous regulatory agencies have wrestled with the preceading lack of
sofl critarfa for several vyears. To dats no state or federal guidancs has been
promulgated addressing this specific {ssue. The closest regulatory attempt has
been the batch leaching acceptability protocol (EP Toxicity Test) for hazardous
wastes in the implementation guidelings to the Resource Conservation Recovery
Act (inclosures 1 and 2). Discussions with EPA reveal that the EP toxicity test
may be the closest soil contamination criteria industry and Government will
receive for scme time. Severe research and development funding cut backs in EPA
has delayed ongoing research in this area.

d. Formulation of FY82 program nlans for the RMA IR project has resulted in
the immediate need to apply a protocol to {nvestigate {f select contaminatad
s0ils on the Arsenal represent a migration source. Similar requirements at
other USATHAMA IR sites necessitated a raofd review of current requlatory
statutas to establish interim USATHAMA policy. The USATHAMA Technolagy Division
performed the assessment with supgor® from Fiald Systems, Industrfal Systems and
Environmental/Safety Divisfons. Inclosure 3 reprasents their guidance on the
subject issue until such time regulatory agencies promulgate appropriate

: ° eriteria.
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DRXTH{ S 18 Movember 1981
SVBJEL.. Protocol to Determine itigration Potential cf Contaminated Soils (Solid
Waste Leaching Procedure)

a. To place the inclosed Batt2112/EPA soil leaching nrotocol fnto its
proper frame of reference on the RMA IR project, the following categorization of

available extraction techniques and their use is provided:
TABLE 1
EXTRACTION TECHMIQUE USE
1. Solvent Extraction Laboratory analytical technique to-

qualitatively determine tynes of
organics within a solid waste*

2. EP Toxfeity Protocol to determine if a waste is
hazardous under RCRA. Altarnately, a
technique to assess whether a treated
RCRA waste stil11 is considered hazard-
ous. Assumes disposal in a municipal

landfill.
3. Solid Yaste* Leaching Procedure Protocsl to determine whether a solid
(SWLP) media has the ability to leach a con-

taminant at a level requiring controil
stratagies to be employed. Assunas
waste matarial remains contained undzr
in-situ conditions.

*™OTE: "Solid Waste" refers to a solid media containing or having a potential
to contain process wastes from Arsenal operations.

f. Three tasks within the FY32 WA IR project are anticipated to require
use of a solid extraction tachnique. A 1isting of those tasks keyed against the
probable extraction protocol follows:

TABLE 2
| T SOLVENT EXTRACTION  EP TOXICITY  SWLP
Basin F Soil Contamination Survey X ' X
Basin F Solidification Study X X
Potential Sourca Area Definition X | X

G. The rationale used by SPA for selecting a 100 fold attenuation factor,
betuaen tha point at which the l2achate leaves the waste media and the point of
human or environmental exposure, is well documented at {nclosure 1. EPA recog-
nized that choosing an attenuation factor which reasonably represents the amount

" of attenuation likely to occur in the real worid was one of the most difficult
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DRXTH 'S 18 Movember 1981
SYBJEL .. Protocol to Determine Migration Potential of Contaminated Soils (Solid
Wasta Leaching Procedure)

problems. faced in formulating any extraction protocol. Specific site parameters
greatly control the degree of natural ferces acting on the leachate. All things
considered, however, EPA decided, pending the completion of further studies, to
adopt an “across-the-board” attanuation factor of 100.

h. USATHAMA concurs with EPA's aoproach of adonting an interim attenuation
factor of 100 until RMA site specific data can be reviewed to establish a more
accurate factor. Upon updating of the general attenuation factor, the State of
Colorado will be approached for concurrence. As long as the leaching procedure
ftsalf does not change, a re-assassment of the leachate data can always be
undertaken at a later time with the new attenuation factor. The above 100 fold
factor would de applied against all drinking water standards now in effect
{inclosure 4).

i. Modiffcation to the SWLP to focus on-site specific conditions has been
permittad by allowing tayloring of the leaching medium pH and number of
sequential extractions.

(1) pH of the leaching medium may be altered from in-situ conditions if
it is felt that anomallus natural phenomena (e.g., acid rains) would be
encountered at the site. For the case of RMA, this phenomena is a real
occuyrrence and should be incorporatad into the leaching procadure for near
surface sails.

(2) Sequential axtraction steps simulate repeated perculation events at
a site. Its use at a recent contamination spill/landfil] site would be a
valuable tool in providing a qualitative estimate of the deqree {increasing,
decreasing, or steady state) of future leaching. However, its use at a historic
site would appear tn be marginal. Each task manaqer should consider the
usefyiness and cost effectiveness of sequential extractions within their tasks.

j. If there are any questions reqarding this policy during implementation,
please contact the undersigned at ext 2041.

4 Incl DOMALD L. CAMPRELL
as Seniaor Project Engineer
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E Section 261.23 (Chamcfamac of EP
Toxicity) .

There is persuasive ewdence that the
contamination of groundwater through
the leaching of waste contaminants from
land disposed wastes is one of the most
prevalent pathways by which toxic
waste constilucnts migrate (o the
environment. EPA's dimage files
contain numcrous incidents of
geoundwater pollution resulting from the
indiscriminale dumping and improper
landfilling of wastes. Additionaily, the

legisiative history of RCRA is replete
with indications that such groundwater -
contamination was one of Congress’
primary areas of concern. In the
proposed regulation, EPA addressed this
problem by developing a test procedure
called the Extraction Procedurs (EP}
designed to identify wastes likely to
leach hazardous concentrations of =~
particular toxic constituents inta the
groundwater unde: conditions of
improper management. Under this
procedure, constituents wer2 extracted
from the waste in a manner designed to
sirnulate the leaching action that occurs
in landfills. This extract was then
anaiyzed to determina whether it
possessed any of the toxic contaminants
identified in the National Interim . -~
Primary Drinking Water Stan-ards - .., -
{NIPDWS]. If the extract contained any
of the contaminants in concentrations 100
times greatee than that specified in the
National Interim Primary Drinking - .:
-Water Standards. the wasts was .27 °
considered to be hazardous. “raire
Like other test procadures employed ™ -
to identify hazardous characteristics, the
EP was intended to sarve as a quick test
for identifying wastes which are capable .
of posing a substantial presentor - -....c
potential hazard wien improperly i~
managed. Cansequently, in devising the
test, EPA necessarily had to make
certain assumptions about the improper
management to which toxic wastes
capable of contaminating groundwater .
are likely to be subjected. In making ~

. such assumptions, EPA believed it

important to empgloy a reascnably
conservative mismanagement Y
scenario-«in view of the statutory = "~
mandate to protect human health and - °
the environment, the broad statutery -~
dafinition of hazardous waste and alsa

- because the phenomenon of long tcrm

leaching is only incompietely
understood. On the other hand. EPA
cotssidered it important not to utilize a
wholly implausible mismanagement .
scenario, sinca by doing so it would end
up regulating as hazardous thosa wastes
which wers quite ualikely to ever cause
a problem.

Tha result of these deliberations was
a decision to otodel the EF upon a
mismanagement scenario (or toxie ;
wastes which constitutes a prevalent
form of improper management——aumely,
the co-dispnsal of toxic wastes in an
sctively decomposing municioal landfiil
which overlies a groundiwater aquifer.
EPA realized in making its co-disposal
assumption that actively decomposing
municipal waste landfilis generate more
apgressive leachate media than other
landlills and thus. that its assumption
was a reiotively conservative one. It

RN
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'nevertbeless beiicved the co-disposal
assumptio~.to be reasonable. first,
because wastey are customarily
landfil.2d. second. because most
categones of waste have the potential to
be disposed of in municipal waste
landfills. third. because the predicted
degree of contaminant concentration in
leachate could occur with respect to
wastes which are not likely to be
disposed of in municipal landfills and
fourth. because Congress expressed

- particular concarn about the disposal of

toxic wastes in municipal landfills. EPA
also realized its assumption that the
landfill overiies a groundwater aquifer
was a reiatively conservative one. [t
believed. hawever. that this assumption
was consistent with its concern for the
dispusal of vastes in environmentally
sensitive areas and with the fact that a
groundwater body, once contaminated.
may remain contaminated for 2 number
of years. Furthermore, it believed this
assumption to be somewhat mitigated
by its furiher assumption that there
would be some attenuation in the
concentration of toxicanis in the .
leachate between the point the leachats
leaves the disposal site and the point the
toxicants reach envxronmam.
Teceptors. .. .- R

Taking thase assumutwns as xts
framework. EPA developed the EP test
to simulate the physical precesses which
would occur in an actual landfill
characterized by these assumntions. To

" simulate the acidic leaching medium
- which occurs in actively decompo:zing

municipal landiills, EPA chose to
empioy an acetic acid leaching medium
with a pH of 5.0 (=0.2}. To simulate the
leaching process. ZPA specified a
procedure requiring mixing of the soiid

.- component of the waste with the acidic

leaching medium for a period of 23
hours. To duplicate the attenuation in
concentration expectgd to occur
between (he noint of leachate
generation and the point of human or
environmental exposure. EPA applied 3
dilution factor of 10'to the concentration
of toxic constituents observed in the test
extract,

EPA was convmced that the proposed
EP represented a valid und acceptable
test for identifying wastes likely (0 leach
toxic constituents into groundwater..
Because. however, this test was
innovative in character and reflected a
[air amount of groundbreaking inquiry, it
drew the greatest responsa from the
public of all the test protceols utilized in
identifying the charactersistics. The most
important of these comments are
discussed below,

A number of commentars expressed
disagreement with EPA’s proposed use

of a 10-fold dilution fuctor to caiculate
the attenuation 11 toxicant
concentration expected to occur
between the point at waich the leachate
leaves the waste and the point of human
or environmental exposuyre. Some
commenters thought that the 10-fold
dilution fac:or was too liceral and that
no dilution facter would be more
appropriate. The majority felt that the
10-foid dilution factor was too .
conservative and that a higher dilution
factor would be more appropiiate.

Choosing an attenfuation factor which
reasonably represents the amount of
attenuation likely to occur in the real
warld was one of the most difficult
proble.as EPA faced in formulating the
EP—a problem which reflects in
microcosm many of the difficulties of
modeling complex physical processes
with a short term test. As leachate
migrates vertically from the landfill site
towards the groundwater strata. a
number of attenuating processes can
occur--inciuding adserption. absorption,
ion exchange. filtration. and dilution.
When the leachate enters the
groundwater zZone its movement changes
from vertical to horizontal and it will
tend to form a siug or plume of -
contaminated wa.er rather than mix
generaily with the groundwater flow.
This piume of contaminants may
experience some dilution. depending on
the local geology, the groundwater flow,
and the nature of the contaminants.
Onge the plume of contaminated water
is drawn into a pumping weil. some
further dilution tends to take place,
depending upon the amount of water
withdrawn and the rate at which itis - .
withdrawn. Unfortunateiy. all these
attenuation mechanisms are dependent
upon site specific conditions. While -
some sites may 2xhibit attencation of
500-fold. others will exhibit very little
attenuation at all. Moreever over time. a
site that originally exhibits 500-foid
attenuation may become so saturated
that the attenuation mechanisms no
longer work aad the site begins to ilush
at the same rate at which it 13 charged.

In order to formulate a reasonable
dilution factor. EPA assumed in the
proposed regulations that leachats from
the landfill passed unattenuated through
the sail undertying the lundfill to the
groundwater zone and that drinking
water weils wore situated 500 feet down
gradicnt from the landfill site. Relying
on projections {rom a mathematical
model which incorporated (hcse
assumptions and on empiricul data from
field analyscs. EPA concluded that a
dilution factor of 10 was a conservalive,
but reasanable. figure.

EPA has had an opportunity to
carefully re-evaluate its original choice
of a dilution factor and is now of the .
opinion that the 10-fold dilution factor
was inappropriate. A number of
considerations have prompted it to come
to this conclusion. [n the first nlace. EPA
is concerned that. while the dilution
factor plays a critically important role in
determining the scope of coverage of the
EP. there is rclatively little empirical
data upon which to base such an
attenuation factor. It is consequently
somewhat troubled by its assumption
th=t the soil underiving the landfillis a
delay mechanism only and that there is
no attenuzation in the concentratiou of :
toxic contaminants between the point of
actual leachate generation and arnval at
the groundwater aquifer. Second, in .
view of this uncartainty, EPA attaches '
some importance to the fact that t.ere is
no variance or “delisting” procedure for
wastes which fail the EP. This absence
of a variance procedure. while perfectly
permissible. tends to magnify the
consequences of a wastes being
anomalously brought into the system hy
the EP, Third. EPA believes the EP to e
a somewhat less pracise instrument than
the listing machanism ‘or determining
hazard, inasmuch as the EP fails to take.
into account factors such as the ~ - .. ;
concentration of toxicants in tha waste
itself and the quantity of waste -
generated which could hava a bearing
on the hazardousness of the waste. EPA
consequently prefers to entrust |
determinations of marginal hazard to !
tEhpe listing mechanism cather than to the

ey

On the basis of thess consideraticns,
EPA has decided. pending the
compietion of iurther studies, lo alter the
proposed dilution factor by adopung an
attenuation factor of 100, EPA is .
adopting a 100-fold atienuation factor
becausa it is confident that anything
which fails the EP ar this factor has the
potential to present a suostantial hazard
regardless of the attentuation :
mechanisms at piay. [f forthcoming
studies demonstrate that another
attenuation factor is more appropriate
EPA will adjust the dilution factor
accordingly.

EPA does not intend this alleranon in
the dilution fzctor to constitute what
may be perceived as an untoward
retaxation of the EP. [t iy simply electing
10 exarcise a degree of caution in the
face of the lack of empirical Ce ety
subrtantatian for its EP leaching test 'o
ensure that the EP onty captures wastes
which are cortain to present a ;
substantial hazard. Since this ahernnon '
of the attenuation factoris basedas . - |
muzh on EPA’s desire to engage in” '
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cautionary rulemakingasonan
environmental re-evaluatian of the
.attenuatise processes which influencs
enncentratinn in leachate, EPA has
listed and intends to continue to list
wastes which have extract
concentrations of less than 100-limes
drinking water standards. This iisting
will to a significant degree compensate
fer the aiteration in the attenuation
factor and will pravent the overail
coverage of the Subtitle C regulations
from being mnsurably reduced.”

A number of commenfers argued that
EPA improperly based the EPon a
mismanagement scenario which
assumed co-disposal i the acidic - .
environment of a municipal waste
land{ill. These commenters generally
argued that the co-disposal assumotion
is inappiicabie to numerous ciasses of

‘waste which are never co-disposed with
municipal wastes and which do not
leach at the aggressive rates
charactaristic of co-disposal situations.
These commenters suggested that EPA
emyioy an altemative leachate medium.,
such as distilled water, for thosa wastes
which are unlikely to be co-disposed
with unicipal wastes. o .

EPA disagrees with these
commanters. EPA beliaves that the jevei
of leachate concantration predicted by
the EP is reasonabiy in keeping with the
cancentrations which could realisticaily
occur in most waste management
situations and that employment of an
acidic leaching medium is thersfore
appropriate. Most wastes, even those
which are unlikely to be disposed of in a
municipal landfill, are likely to come
into contact with some form of acidic
leaching media during their management
histories or could atherwise encounter
environments which couid cause them - -
to leach comparabie leveis of toxic ‘
constitutents. Fusrthermore. inasmuch as
the shenomencn of long term leaching is
not weil understood and there is no
consensus within the scientific
community on a short term leaching test,
EPA beiieves 1t has the power to empioy
a leaching mode! which fails to take into
account the physical processes affecting
particular generators even if this model
errs on the side of caution. See, Ethv/
Corp. v. EPA, 541 F.2d 1. 24-29 (D.C. Cir.
1976 en banc}, Hercules. [nc. v. EPA, 588
F.2d 91. 103108 (D.C. Cir. 1978).

In any event, the change to an
attenuation factor of 100 lays to rest the
concerns of those who argued that the
acidic leaching medium was too
aggressive to apply to them. EPA is quite
convinced that any waste which (ails
the EP at the 100-times standard
presents the potential for substantial
hamd if mpropctly managed no matter

what leaching media it is actuaily
- exposed to.

A number of commenters argued that
the EP is not sufficiently reproducible
for use in defining hazardous waste.
Some commenters, basing their -
argument o studies which have been
conducted on the reproducibility of the
EP. argued that these studies
demonstrate an unacceptable vanabxhly
in the results obtained by the EP. Qther
commenters, who did not base their
arguments on these studies, argued .
simply that EPA has not shown the EP to
be reproducible and therefors may not
appropriately empioy the EP ina

.. regulatory framewori. ;

EPA disagrees. Sensitiva throughout
the prucess of developing the EP lo the
iscue of ensuring reproducibility, EPA
commissicned a number of studies to

. avaluate the EP, including a study by the
NUS Corporation, a study by the
American Electroplaters’ Society, and

_.an ongoing study being conducted by
the Oak Ridge National Laboratory. In
addition, a study commissioned by the
Electric Power Research Institute (EPRI)
" has been completed. None of these
studies present enough data to draw any
hard and fast conciusions. However,

~ data {rory the EPRI report—sthe only
report which was able to separate out

" the reproducibility of the EP from the
reproducibility of the analytical

" procedures—suggests that the
reproducibility of the EP itseif is of the
same order of magnituds as the
analytical procedures used to anaiyzs
the toxic constituents in the extract.
Since these analytical proceduces have
proven to be widely acceptable to
private industry. ZPA bslieves that the
EP snould aiso prove acceptable.

EPA concedas that the preliminary
data indicate some variability in the
results obtained by the EP, Thia,
howaever. is true of ail anaiytical
procedures and test mechcds. especiaily
those which ars navel in character.
Furthermore, variability can be easily
corrected by running fucther replicates
of the test to achieve greater certsinty in
the results. To accommodate any
problems with variability, EPA intends
to provide generators with guidance on
_ the number of extractions which they
can perform if they want o ensure
confidence in the result. [n addition,

- EPA is-cngaged in research studies
which wiil enable it to further isolate
and get 3 handle on the causes of this
variabilicy.

A number of commenters argued that
extract {rom the EP shouid be tested for .
toxic contaminants other than those .
specified in the National Interim
Pﬁmary Drinking Water Standards, -

EPA originaily intended the extraction
procedure to identify toxic contaminants
ather than those specified in the
National Intertm Primary Drinking  *
Water Standards. EPA has been unable
to do this. however, because no other o
chronic exposure threshoid |
refaune to dnnking water conSump_ticn
have been establisned fpr.ather
contaminants. This should not cause a
proviem, becszuse EPA is requiating

- wastes containing non-drinking water

standard contaminants through the
listing process. EPA will reassess its
position on this issue, when thresholds

_ are developed for additionsl

contaminants or when the Clean Water
Act Water Quality Cntena are adopted
in final form.

The progosed EP requirad generators
to separate the liquid and solid portions
of their waste as the first step of the
procedure, based on the assumption that
the liquid porticn of the waste wouid
flow aut of the landfill independent of
any leaching action. Generatars were

then required to mix the separated solid -

portion with the acidic leaching medium
and, after a further separation, combine
the resulting extract with the originally
separated liquid portion for analysis.
EPA gave generators the option of using-
either centrifugation or filtration to
perform the iniiial solid-iiguid
separation and to perform the
subsequent separation of solid from
leaching solution. Howevse. information
obtained since publication of the
proposed regulation indicates that use of
centrifugation alone is not as efficient as
filtration and can lead to carryover of
particies larger than 0.45 um. Since a
filtar the size of 0.45 um was originally
selected because particles larger than

. 0.45 um are expected to be filtered out’

by the soil prior to reaching the
groundwater, EPA has revised the EP to
require filtration of both the liquid
portion and the extract prior to analysis.
A number of commenters said they
encountered severe operational
problems when performing the EP on

liquids containing very smail - "t

petcentages of solids. To accommodate
this problem. EPA is amending the
proposed regulation so generators need
not perform the EP on liquids containing
less than 0.5% solids. Instead, the liquid
itsell, after {iltration, should be L

considerad the extract and directly - - "+

analyzed [or its laxic constituents. ‘.
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Appeadix [-=Raepreseatative Sampliny
Method ;

The 1ethods .:md equipment usad {or

* sampli:.g waste materials will vary with

the form and consistency of the wasta
materiais ta be sampled. Samples
collected using the sampling protocols
listed below. for sampiing waste with
properties similar to the indicated
matenals, wiil be considered by the
Agency to be representative of the
waste.

‘.

Extremely viscous liquid=-ASTM Standard

D140-70 Crushed or powdered matenal—
ASTM Standard D318-7% Sail or rock-like
" material—ASTM Standard D420~89 Soil-
like material—ASTM Standard D1452-88
Fly Ash-like material—=ASTM Standard
' D2234-78 |[ASTM Standards are availaole
from ASTM. 1918 Raca St. Philadelphia,
PA 19103}

Cantainerized liquid wastes=="COLIWASA™

described in "“Test Methods for the
Evaluation of Solid Waste, Phynical/
Chemical Methods,” ' US. Eavironmental
Protection Agency. Office of Solid Waste,
Washiagton. D.C. 20460. (Capies may be
obtained from Solid \Waste (nformation.
U.S. Enviconmentai Protection Agency. 28
W. SL Clase Si.. Cincinnati, Ohio $5208¢

Liquid wasta in gits, ponds, lagooas. and
similar reservoirs.—"Pond Sampler*
described in “Test Methads (o the
Evaluation of Solid Waste, Physicai/
Chemical Metnods.” *

This manual also contains additional
information on application of thesu
Protocols. ’
A——————

'These methonds ace slse o bed in S,

g S, lng Proced {or Hizens Waste
Sirwema,” EPA W0/ 2 -aiia, [snuary 190,

el T

. A Extraction Procedure (EP)

Appendix [I— EP Toxicity Test -
Procedure -

L A representative sample of the
waste to be tested (minimum_size 100
grams) should be obtained using the

methods specified in Appendix [or any -

other methods capable of yielding a
representative sample within the
meaning of Part 280. (For detailed
guidancs on conducting the various
sspects of the EP see “Tast Methods for
the Evaluation of Solid Waste, Physical/
Chemical Methods,” SW-346, U.S.
Environmental Protection Agency Office
of Soiid Waste, Washington, D.C.
20461."] s . :

2 The sample should ke separated
into its component liquid and solid
phases using the-method described in _
“Separation Procedure” below. If the
solid rasidue ? obtained using this
method totals less than 0.5% of the
original weight of the waste, the residus
can be discarded and the operator
should treet the liquid phase as the
extract and proceed immediately to Stap
a .
3. The solid material obtained from
the Separation Procedure shouid be

" evaluated for its particle siza. If the solid

material has a surface area per gram of
material equal to. or greater than. 3.1

" cm?or passas theough a 9.5 mm (0.373

inch) standard sieve, the operator

. should procaed to Step 4. If the surface

ares is smaller or the particle size larger
than speciiied abova. the solid materiai
should be prepared for extraction by
crushing, cutting or grinding the material
sa that it passes through a 9.5 mm (0.37%
inch) sieve or, if the material isin a
single piece, by subjecting the material
to the "Structural Integrity Procedurs™
described below. . .

4. The solid material obtained in Step
3 should be weighed and placed in an
extractor with 18 times its weight of
deionized water. Do not allow the
material to dry prior to weighing. For
purposes of this test, an acceptable
extractor is one which will impart

sufficient agitation to the mixture to not -

only prevent stratification of the sample
and extraction {luid but also insure that
ail sample sucfaces are continously
———— p

'Cooies may be obtained [rmm Solid \Waste
{alormanon, u.5. Es i P Agency,
28 W. St Claue Sireer, Cincinann, Qhio 45258

*The percent seiuls 13 determinen by drying the
filter oud at 81° C untl it reaches constant werent
el them caiculating (he percent sulids using e
followsng equatron .

{w—yt of gl = tund
- (e wogrn of Do

X M0 o ® sship

e g o cavene

- deionized water are placed in the

" squal to or less than $.0. no acetic acid

- The mixture should be agitated for 24

* speaficanons.

W= weight in grams of s0lid charged to

brought into contact with weil mixed -
extraction dluid. .
" 8 After the solid material and

extractos. the operator should begin
agitation and measure the pH of the
s3lution in the extractor. If the pH is
greater than 5.0, the pH of the solution
should be decreased 10 5.0 = 0.2 by
adding 0.5 N acetic acid. If tha pH is

should be addad. The pH of the soiution
should be monitored. as described
below., dusing the course of the
extraction and if the prf rises above 5.2,
0.5N acetic acid shouid be added to

* . bring the pH down to 5.0 = 0.2, [

Howaever. in no event shall the aggregate
amount of acid added to the soiution
exceed 4 ml of acid per gram of solid.

hours and maintained at 20°<0° C (88°~
104° F) durinz this time. It is
recommended that the operator monitor
and adjust the pH during the course of
the extraction with a device such as the
Type 45-A pH Coatroiler manufactured
by Chemtrix, Inc. Hillshoro, Oregon
$7123 ar its equivalent. in conjunctinn
with a metering pump and reservoir of
0.5N acetic acid. If such a system is not
available. the following manual
procedure shall be employed:

{a} A pH meter should be calibrated in
accordance with the manuiacturer s

{b) The pH of the solution should be
checked and., if necessary. 0.5N acatic acid
should be manually added to the extractor
watil the pH reaches 5.0 = 0.2 The pH of the
solution should be adiustad at 1S. 30 and 50
tiRuts intervais, moving to he next longer,
interval if the pH does not have to oe
sdjusted mare than 0.5N pH units.

_ {c The adjustment procedure shauld be K
coutiaved [or at least 8 hours. i

{d) If 3t the end of the 23-hour extraction :
period. the pH of the solution 13 not below 5.2
and the maximum amount of acid (4 mi per
gram of solids) has ntot been addad. the pH
shouid be adjusted 10 5.0 = 0.2 and the
extraction continued foe an addinonal four ~
howrs. during which the pH should Le
adiusted at age hour intervals, '

& At the end of the 24 houe extraction

petiod. deionized water should be added
to the extractor in an amount

determincd by the following equation:
Ve (20)(W] < 18(W)=A !
Y= ol deionized water 10 be added

exiracior C
A= miof 0.3N ucatic acrd aduled during
* entraction

7. The maierial in the extractor shouid
be separated into its component liquid
and solid phases as described under
“Separation Procadure.”

& The liquids resulting from Steps 2
aad 7 should be combined. This 5
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combined hquxd (or the waste itself if it
has less {nan % percent solids. as.noted
ifi Step 2) is the extract and should be
analyzed {or the presence of any of the
contaminants specified in Table I of

§ 281.24 using the Analytical Procedures
designated below.

Separction Procedure

Equipment: A filter holder., designed
for filtratior. media having a nominal
pore size of 0.45 micrometers and
capabie of appiying a 3.3 kg/cm? (7S psi)
hydrostatic pressure to the solution
being filtered shail be used. For mixtures
containing nonaosorpuve solids. where -
separation can be aifected without
imposing a 5.3 kg/cn® pressure
diffarential, vacuum filters employmg a

045 micrometers iiiter media can de

used. {For further guidance on filtration
equipment or procedures see “Tast
Methods for Evaluating Solid Waste,

Physical/Chemical Methods.”}

Procedure: ? . .
(i) Foilowing manufacturer’s

" directions. the filter unit shouid be

assembied with a filter bed consisting of
2 0.43 miccometer filter membrane. For
difficult or slow to filter mixturesa-
prefilter bed consisting of the following
preﬁllers in increasing poru size (0.85

- micrometer membranae, fine glass fiber

.- liquid flow ceases.

prefilter, and coarse glus fiber prefilter)
can be used.
(ii) The waste should be poumd mto
the filtration unit, ’
(iii) Tza reservoir 3hou.ld be slowly

* pressurized until liquid begins to flow .

from the fiitrate outlat at which point the-
pressure in the filter shouid be -
immediately lowered to 10~15 psig. - *
Filtration snould be commued unul

(iv) The pressuse should be mmucd :

- stepwise in 10 psi increments to 78 psig
‘and filtration continued until flow

czases or the pressunzing gas begins to
exit from the fillrate outlet. - :
(v) The filter unit should be « -

- depressurized. the soiid material

removed and weighed and then -
transferred to the extraction apparatus,

" or, in the case of final filtration prioe to

. from eny solid maiter having ¢ partcie sixe

_analysis, discarded. Do not allow the -

$This procedure is intended to renuitin ~  °
separation of the “{ree” liqud portion of the waste

50.45um. If the sampis wiil not Lilter, vanous other
separstion techaiques can be used 10 aid in the
filzauan. Asd bed above. p Giltrsuon ta
smploved (9 speed up the filtration procass. This
dows nat iter tRe nature of the segaraucn. U liawd
does not separate dunng lmnnon. the wasie can be
contniuged

cantnfucation mo Lqud pocuon (..ulnfu«ui is
Bltered througn the G.45um filter prioe 10 becoming

. mixed wuh the liquid portion of the waste obtained

from the imual filtrauon, Any matenisi that will not
pese trougn the filter siter centnfugsuon is

ammdaree s seivd and is extracied,

material retained on the filter pad to dry
prior to weighing.

{vi) The liquid phase should be stored
at 4°C [or subsequent use in Step 8.

B. Structurul Integrity Procadure.

Equipment: A Structural Integrity
Tester having a 3.18 cm (1.25 in.)
diameter hammer weighing 0.33 kg (0.73
1bs.) and having a free fall of 15.2¢ cm (8
in.) shall be used. This device is
available from Associated Design and
Manufacturing Company, Alexandria.
VA., 22314, as Part No. 125, or it may be
fabricated to meet the specifications
shown in Figure 1.

1. The sample holder should be filled
with the materiai to be tested. If the

sample of waste is a large monolithic
block. a portion should be cut from the

" block having the dimensions of a 33 em .

(1.3 in.) diameter x 7.1 cm (2.8 in.)
cylinder. For a fixated waste, samples
may be cast in the form of 2 3.3 cm (1.3
in.) diameter x 7.1 cm (2.8 in.} cylinder
for purposes of conducting this test. [a
such cases. the waste may be aliowed to
cure for 30 days prior to fusther testing.

2 The sampie holder should be placed
into the Structural [ntegrity Tester, then
the hammer should be raised to its
maximum height and dropped. This
should be repeated filteen times.

3. The material should be removed
from the sampis hoider, weighed. and
transtferred to the extraction appmm
for extraction. ,

Analytical Procsdures for Anclyzmg

 Extract Contaminants

The test methods for analyzing the

" extract are as follows:

{1) For arsenic, barium, cadmium,
chromium, lead, mereury, selenium or
silver: “Methods for Analysis of Water
and Wastes,” Environmentai Monitoring
and Support Lahoratory, Office of
Research and Development, U.S.
Environmental Protection Agency,
Cincinaati, Ohio 43288 (EPA~S00/ 47T
020, March 1979),

(2) For Endrin: Lindane:

N Metho‘ychlor Toxaphene: 2.4-0: 2.3, s-

TP Silver: in "Methods for Benzidins,

. Chlorinated Organic Compounds,
. Pentachlorophenol and Pesticides in

Water and Wastewater,” September
1978, U.S. Envirenmentai Protection
Agency, Eavironmental Monitoring and
Support Labocatory, Cincinnati, Obio
42558,

. s standardized in “Test Methods for

the Evaluation of Solid Wasta. Physical/
Chemical Methods.”

For ail analyses, the method of
standard addition shail be used for the
quantilication of species concentration.

This method is described in “Test
Mecthods {or the Evaluation of Solid
Waste.” {It is also described in
“Methods for Analysis of Water and
Wastes.") .
BILING COOE $500-01-48
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SOLID WASTS LEACHING PROCEDURE

Contamination of groundwater through the leaching of waste contaminants
from land disposed wastes is one of the most prevalent pathways by which toxic
waste constituents migrate to the environment. Land disposal includes both
landfilling of solid and liquid wastes and lagoon storage/disposal of liquid
wasta. TFor many years the Army has disposed of explosives contaminatad waste
water, organic solvaents, pesticides and other chemicals {n unlined lagoouns that
have failad and are proving to be a source of groundw.ter contamination. This
groundwater contaminating leachate arises from the liquid present in the wiste
and from infiltration of rainwater, surface water or groundwatar into the wasta.

Obtaining permission from regulatory agencies (EPA/3tate) to close lagoons/
landfills contaminated with explosives wastes and other cheamicals that are the
source (potantial source) of groundwatar contamination {8 a current problem for
Arny installacions and USATHAMA. In the absence of soil standards for these
explosive wastes, their degradacion products and other chemicals, the recurring
question becomes "to what lavel (concentrati~sa) must these soils/sediments be
removed and/or treated to permit closure of the lagoon/landfill (what levels of
explosive/chemicals are/ara not acceptabla in the soil)?”

Under the Resource Coasarvation and Racovery Act (RCRA), EPA developed a
test procedure callad the Extraction Procedure (EP) designed to identify wastes
likely to leach hazardous concentrations of toxic coustituents into the
groundwater under conditions of imprcper management. This improper manageneat
i3 based on the co-disposal of toxic wastes in an actively decomposing municipal
landfill which overliss a groundwater aquifer. EPA assumes tht this landfill
will produce an aggressive acidic leaching media that will migrate to the
groundwater.

To simulate the acidic leaching merdium, EPA chose to employ an acetic acid
leaching medium with pH of 5.0 (+ 0.2). To simulate the leaching process, the
solid component of the waste will be mixed with the acidic leaching medium for
24 hrs. To simulate the dilution expected to occur in the groundwater, a 100-
fold attenuation factor is applied.

Currently, the %P i3 used to determine the concentracion of 3 heavy metals
and 6 insecticides/herbicides identified in the National Interim Primary
Drinking Water Standards. 1If the extract contains any of the contaminants in
concentrations 100 times greater than that specified in the drinking water
standards, the waste is considered to be hazardous.

A swmall minority of the landfills and none of the lagoons ac Army
Installations would fit the "improper management scenario” of the EP test.
Therafore, the acidic leaching medium may not ba ceprcsentative of the
conditions at many inscallations.

Leaching procedures utilize either columns oc batch/shake tests. Coluamn
tests require 6 months to 2 or 3 years of time for completion and a considerable
cost outlay in aanpower and laboratory set-up. The batch/shake test can be
accomplished (saveral tests) in a 2 week pariod with a considcrablc savings in
cost and tine as compared to the column test.
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A USATHAMA team composed of a member from Technology Division, Field
Svstuas Division, Industrial Systems Division and Eavironmental and Safety

“pivigion has reviewed the EP test method, the column leaching method, and the

Battelle Solid Waste Leaching Procedura (SWLP), developed under contract to EPA,
to determine which procedure would best meet the requirements of problems
peculiar to Army Installations. The column leaching test was ruled out by tize
and economic considerations. The Battelle method which permits other than an
acidic leaching medium was chosen by the team because the leaching medium could
be tailorad to site specific needs and because the method tracks closely the EP
tast methods. The multiple extractions of the same ssmple of solid waste will
not be performed as given in the Battelle method.

Since no soil standards exist for explosives and other chemicals of
interest, standards/criteria for specific waste leachate constituents will have.
to be negotiated with the regulatory agency (EPA/State) on a site by site basis.
In keeping with the philosophy and procedures of the EP test, the same 100-fold
attenuation fzctor (groundwater dilucion) will be applied (attenuation factor
part of negotiations with regulatory agency), i.e. a leaachate coanstituent
concentration greater than 100 times the applicable standard/criteria will bde
considered hazardous.

This protocol (Battelle Method attached) will be used on an interim basis
by USATHAMA and its sub-performers to determine the extent of polluted soil
underlying landfills/lagoons that is or has the potential co result in
contaminant wigration. When EPA or state tegulators pass appropriate soil
griteria or superceeding soil contamination protocols, the above USATHAMA policy
will be sc revised.
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SOLID WASTE LZACHING PROCEDURE (SWLP)

1.0 EXPERIMENTAL PARAMETERS

1.0 Contact Area/Particle Size

The contact area of the sample should be 3.l cmzlg or sized to pass
through 2 9.5mm standard sieve, unless the solid waste i{s monolithic. The
requirement for contact area and particle size {3 designed %o approach the
conditions likely to be encountrered in the field disposal eanvironment due %o
mechanical filling operations and weathering. Some wastes are naturally °*
monolithic. Thesa wastes will oot have their particle size reduced as this
would causs them to be more leachable than under field conditions. Any waste
passing the Structural Integrity Procedura (as given in EPA manuel, SW-846, Test
Methods for Evaluating Solid Waste, Physical/Chemical Methods) will be
considered to be monolithic and will be tested as a whole rather than at a
reduced particle siza.

1.2 Leaching Medium

~ Laboratory reagent water is suggested for use a3 the leaching medium.
This water should be free from interfgrances that might interact with the sample
and shculd conform to one of the grades cf Reagent Water consistent with Federal
Test Method Standara No. 7916.

Whersa environmental condicions warrant, the use of an alternacive
medium, such as one to duplicate acid rain, might bdbe justified. Howevar, in the
case of acid rain, tha acidity of the medium must reflect any changes brought
about by passage of the rain through overlying layers of waste and soil, which
serve to neutralize both sulfur~based acid precipitation from such causes as the
burning of sulfur—-containing fuel and naturally occurring acids that arise from
biological activity.

1.3 Temperature

The tempecature should be normal room/laboratory temperatura. The
temperature has a2 decided effect upon the sclubility, rate of reaction, and,
perhaps leaching of most species. Although ambiant temperatures to be expected
at land disposal sites range form extremely cold (=40 C) to very high (45 C),
the temperturss for the leachates associated with these sites are likely to be
less varied. The overlying soll and waste layers with which the leachate is
associated have a dampening effect on variations in temperaturs. Consequently,
the temperature for the leachate emerging from the bottom of a disposal sitas {s
likely to be that of the soil at the same depth. The limits on seasonal
fluctuations {n sof{l temperature at various depths are probably obtainable from
disposal site data or can be measured during preliminary site invescigations.
If the expectad temperatures diffar substancially from the range of normal
laboratory tamperatures, then the use of other temperatures is justifiad.




1.4 Method of Mixing
Any mixing device can be used that will impart sufficient agitation to
the mixture such that stratification of the leaching medium-sample mixture 1ig

avoided and sample surfaces are continuously brought iatoe contact with the
leaching medium.

The specification given in the SWLP follows that contained in EPA's
Extraction Procedura (EP) Toxicity Test (40 CFR251.24). Currently ouly the
rotary mixer meets these critaria for preventing stratification and ensuring

contiauous liquid-solld contact. Exanples of rotary extractors are shown in
figures 1 and 2.

1.5 Time of Mixing

The approxinmate time of mixing {s 24 hours. The time specified for
each leaching ideally shculd be sufficient to allow equilibrium to be attained.
However, due to the diversity of constituents and effects, no rsasonable tinme
per leaching 1is likely to be satisfactory for all situvations. Thereforas, the
specification of leaching time has to he made out of consideration of factors
other than attainment of equilibrium. A time of approximataly 24 hours is
noraally convenient for laboratory scheduling and i3 consistent with the tims
specified for other relatad leaching procadures.

1.6 Solid zo Ligquid Ratio

Tha ratio of solid to 1iquid used for each leaching Is calculated to
incorporate both an amount sufficlent to wet the gsample and. an excess amount Lo
allow sufficient liquid for proper mixing and subsequant analyses.

The amount of liquid necessary to wet the sampla can be decermined by
packing thes sample into a column having some sort of drain, such as a stopcock,
at the bottom. 4 known mass of sample Is packed in the column to the density
specified for the solid waste and soil cover at the land disposal site. If land
disposal site density is not known, the taxtbook density value for specific soil
types can be used. A measured coluan of liquid is added stepwise to tha packed
colunn o aveid adga 2ffects and channeling. Liquid is added until it begins co
flow from the column. The volume of liquid added aquals the amount needed to
wet the sample. For some samples, the waste contains sufficient free liquid

that very little or possibly no additionmal liquid will be needed to wet the
saaple-

The amount of liquid {n excess of that sufficient to wet the sample is

added in the ratfo of ten volumes per unit weight of sample; that is,.a liquid
to solid raction of ten o one.

Examples below illustrate the calculation of the proper volume of
leaching medium, where the amount of sample to be testad by the SWLP is 100 g.

Exzapls 1. A, Volume to wet sample = Vwet = Volume liquid added to column
Mags sampla in coluan




, Vwet = 450ml = 1.5 ml/g
e 300 g or
150 ml1/100-g sample
B. Excess Volume = Vex = (10ml/g) amcunt sample
Vex = (10ml/g)(100 g) = 1000ml
C. Total Volume = Vtor = (Volume to wet saample) f (Excess Volume)

Vtot = TJwat + Tex = 15C ol + 1000 o1 = 1150 ml or 1.15 1

Example 2. A. Volume to wet sample = Vwaet = 0 (that is, sample comntained ’
gufficient liquid such that any added to cthe packed column freely drained out.)

B. Excess Volume = Vex = (1l0ml/g) amount sample
Vex = (10 ml/g)(l00 g) =~ 1000 ml
C. 7Total volume = Vtot = Vwet + Vex
Veot = 0 + 1000 ml = 1000 ml or 1.0 1
The true solid to liquid ratio that a solid wasce will experiance is
highly sita dependent and vecy difficult to forecast precisaly. In most cases
the ratio will be one of a large amount of zolld per urit volume of leachata.
The specified ration does not truly raflect the likaly fiald conditions; racher
it i3 a workable amount that wiil allow sufficient liquid for proper mixing and
congtituent analysis.

2.0 EXPERIMENTAL

2.1 Apvaratus and Materials

In general the apparatus and materials used in the solid waste
leaching procedurs must ba demonstratad to be free from species that nmight
intarfare with the analysis of the leachates at the minimum levels of detaction.
In practice, the apparatus and materials chosen for use in the procedures must de
selected with concern for potential {nteractions between the laboratory
equipment and the waste~leachate solutinn. Examples of interactions to ba
avoided by careful selection of equipment are:

Dissolution of the solution container by the leachate, as might happen
with a hydrofluoric acid containing wasce contained in a glass vessel.

Preferential sorpction of cunstituents out of the laachate by the
sample container or filtration unic, as might happen with some organic
compounds when contained in polypropylena vessels.

Contamination of the leachate by constituents of the sampla container,
as might happen with lecachates when nickel and chromfum levels are of
intarast in wastes that are extracted i{n stainless steel vessels.

3




. The following discussion is designed to guide the investigator in

*seleccing various items for use in the procedura. Specification of a particular

manufacturer or model 1s for purposes for guidance only. Addresses of suppliers
referenced in this section can be found in Appendix A.

2.1.1 Extraction Apparatus

An extraction apparatus must avold stratification of the sample
of solid was:e and soil and the leaching medium which would inhibit adequate
contact between the sample and leachate. The type of extraction apparatus
deemed acceptable for this procedure is the rotary extractor or tumbler (see
Figure 1: NDBS-design Extractor and Figure 2: EPRI/Acurex Extractor). The
extractor consiscs of a rack or box device to hold the 'sample containers, which
are rotated through 360 at about 30 revolutions per minute.

A four=place tumbler extraétor derived from a design by the

.National Bureau of Standards is {llustrated in Figure 1. This equipment may be

fabricated by the investigator or obtained commercially (Associated Design and
Manufacturing Company, model #3740-4C-3RE (four—place tumbler) or model #3740=6-
BRE (six-place tumblar)). A six-place tumbler which may be fabricated by the
investigator or obtained commercially (Acurex Corporation, no model number
availablae) is shown in Figure 2.

The tumbler bottles should be sizad to fit the particular
tumblar, such as Wheaton model #348522 roller culture vessels or equivalent, 1.3
to 2.5 L capacity, with an inert cap liner.

2.1.2 Separation Apparatus ;

Separation of the solid and liquid layers following the
extraction of the waste sample will be accomplished by a combinatioan of seccling
and filtering. Details on performing these manipulations can be found in
Section 3.4, which gives stepwise leachats generation instructions.

(a) Filter holder. The filter holder must be capable of
supporting a .45 micrometer membrane filter and withstanding the pressure
neaded to accomplish separation. "These units may ba simple vacuum units
(Millipore model #XX10-047-00; Nuclepore model #410400; or equivalent).
However, the units capable of being pressurized up to 75 psi are more likely to
be needed for the majority of solid wastes (Millipore model #YT30-142-HW;
Nuclepore model #420800; or equivalent).

(b) Pilrer pads. Three sized of filter pads are suggested for
use for all filrracions. .

(1) Coarse glass fiber prefilter pad (Millipore model
#AP25-042-~00 ar #AP25-127~50 or equivalent).

{2) Pine glass fiber prafilter pad (Millipore modal
#AP15-042-00 or #AP15-124-50 or equivalent).

(3) 0.45 micrometer nitrocellulose membrane filter
(Millipore modal FHAWP-047-Q00 or #HAWP-142-50 or
equivalent).

4
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. ) 2.1.3 General Labware

(a) Analysis sample bottlas. The sample bottles used for
containing large amounts of waste or leachate should be or suitable materials,
such as glass for organic analysis or polypropylene for inorganic analysis; and
they should have screw caps with an inert lirer, such as TeflonR.

(b) Sample vials. The container for samples for analysis of
volacile organic coastituents should have about 40 al capacity (Pierce Chemical
ac Company model #13075 ov equivalent) and have a screw cap with a TeflonR-face

silicone septum (Pierce model #12722).

(¢) Syringe. The syringe for use in withdrawing a sampiE of
. any water—immiscible liquid {n the leachate should be a 50 mL glass hypodermic
o syringe with Luer-Lok tip and a 20-cm 16 guge stainless szeel wida-bore needla
(Bolab Incorporated model #BB829 or equivalent).

2.2 REAGENTS

2.2.1 Leaching Medium

The leaching med{um selected for general use in the SWL? {is
reagent water. This water must be of sufficient quality chac it 1is frae >f
organic and inorganic interfarences at tha ainizum lavels of iantarest in tha

' subsequent leaching and leachate analyses that will be performed. Water is the

l’ recommended leaching medium because it i3 deemed the besr general leachiig
med{um for simulating natural couditions. An acidic leaching medium or 1
synthetic leaching medium having a nulii-component nixture ia not racozr 2anded
for use with this procedure unlass justified on the basis of sita=-specific
information. In certain situatioans, such as the siting of the potential

. landf£111l in an araa known to have acid rain, a different medium may be

o Justified. In such cases, the investigator must recognize that the use of a

differeat leaching medium alters the comparabilicy of results with those of

other investizgators using reagent water.

—— 2.2.2 Nirric Acid

A S0% (v/v) mixture trace metals analysis grade concentratead
nirric acid (such as J. T. Baker product #9598 or equivalent) and distilled
vatar is recommended for use with this procedure for preservation of laachace
samples after collection for analysis of inorganic constituents.

2.3 SAMPLINM

3 2.3.1 Sample Collection and Handling

A represantativa sample of the solid waste to be tested should
be collacted using an ASTM standard mechod that can be applied sacisfactorily
(such as D140-70, D346-75, D420-69, D1452-33, D223475) or by uslng one of the

e )
g methods described in EPA %anuel SW-SAG. It {3 particularly important that the
' solid waste sample be represantative of the solid waste.
~a
: 7
]
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A minimum sample of 5 kg should be collected and sent to the

'-labdt&:ory in a sealed container or containers. The container must be of

suitable material such that it will not react with the waste. In maay cases a
polyproplyene container will be inert to the waste and, hence, adequate for use.

However, the suitability of the container should be assesgsed in light of the
lizely composition of the waste.

2.3.2 Samole Preservation

Sanples that are stabilized with regard to diolojical or
chemical change may he shipped and stored at room temperatura. Samples that are
not 3tabilized and might undergo significant biological or chemical change at
toom temperture must be malntained at 0-5 C, during shipping and storage. = If
the stability of the waste or soil 13 uncertain or unknown, shipping and storage
of the waste at 0-5 C is recommended.

Leaching of samples must be initiated within one week of sample
collection to preclude gross changes in sample composition with storage time,
urniess the sample {s known to be stable to potential changes in composition.

2.4 LEACHATE GENERATION
2.4.1 Extraction

Step 1 (Mixture Preparation) Taks a 100-g representative
sample of the solid waste and s0il that has been prepared for testing and place
it ia an extractica vegsel (tumbler bottle or equivalent container). Add the
calculated voluma of leaching madium (Section 1.7) to the extraction vessel.

Step 2 (Tumbling) Tighten the cap on the vassel and mix by
tuabling, using the rotary extractor. Tumble for 24 (+ 2) hours at room

temperatura. Stop. the rotary extractor, ramove the extraction vessel, and allow
the aixture to sattle for 15 ainutes. :

Step 3 (Sampling for Volatile Organic Constituents) 1If a
sample of the leachate is needed for analysis of volatile organic constituents,
the aliquot should be withdrawn prior to filtration. Obtain a sample for
volatile organic constituent analysis by completely f£illing a 40 oL sampla vial
with the leachate. F1ill the ssmple vial in such a manner that no air bubbles
pass through the sample as the vial {s being filled and no air space remains ia
the vial. Seal the vial with a TeflonR-faced septum and screw-cap. Store it at
0-5 C in an inverted position until the time of analysis. Be certain the sample
container I{s labelled properly to include the date, extraction sequence nuamber,
and an appropriate sample identification number. '

If a discrete water-immiscible layer {s present, withdraw the
layer using a syringe with a wide-bors needle. Transfer the layer to a tared
sample container of suitable material, such as glass. Detarmine the mass of
the layer and analyze it separataly.
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Step 4 (Separation) Assemble the filter holder and filter

'-pads'fbllowing the manufacturer's f{nstructions. Place the 0.45 micrometer

nitrocellulose membrane filter pad on the support screen of the filrter holder.
Add first the fine glass fiber prefilter pad and place the coarse glass fiber
prefilter pad on top of the membrane pad, so that the coarse pad will be the one
clogest to the £ilter cake.

After assembling the filter apparatus, wvet the uppermost filter
pad with a small portion of the liquid phase of the extraction mixtura.
Transfer the remainder of the extraction liquid layer to the filzration unit,
Take cara to avoid transfarring much of the solid from the extraction vessel,
because substantial amounts of solid can clog the filter pads. Apply vacuum or
gentle prassure (10 to 15 psi) until all liquid passes through the filter.

Stop the filtratlon when all the liquid has passed throught ha
filter pads. If this point is not raached under vacuum or using gentla
pressure, then increase the prassure stepw?se in 10 psi {ncrements to a final
maximum pressure of 75 psi.

If liquid remaias above the filter pads after 30 minutes of
filtracion at 75 psi, halt the filetration by slowly venting the prassurizing
gas. Be certain to follow the manufacturer's instructions for venting a
pressurized filtration apparatus. Some liquid may be trapped in the vant port
and may be raleased. Care must be taken to direct the vent port away from
laboratory personnel. After veatiang, decant the liquid above the filzer pads
into a suitable container. Place the top-most (coarse) prefiltar pad plus any
solid/fllcer cake in a suitable container, such as the extraction vessel for use
in the nex: extraction. Replace the filter pads, placing the frash pads on tha
unit in rthe corract ordar, and cegume filtering.

Repeat the process of raplacing tha filter pad as often as
necessary until all che liquid has been filtered. In each process, ratain the
topmost (coarsa) preflltar pad along with any solid/filtar caka.

Aftar halting the filtration, return the unit ta atmospheric
pressura by either carafully breaking the vacuum or slowly venting the
f£ileration apparatus.

Ster 5 (Liquid for pll and Inorganic Constituents Analyses)
Transfer an aliquot (usually 25 to 50 mL) of the liquid/filtrace from Stap 4 to
a suitable container, such as a beaker. Determine the pH. If an analvsis for
inorganic constituents is needed, add a minimum volume of nitric acld (see
Section 2.2.2) to lower the pH to less than 2. Transfer the acidified sample to
a suitable container, such am a screw-cap polypropylene hottle. Store at room
temperature prior to analysis. The sample container must be labelled properly,
to include the dace, extraction sequence number, and an appropriate sampla
identification aumber.

Step § (Liquid for Semivolacile Organic Constituents Analysis)
Transfar an aliquoc (usually 200 mL) of the Liquid filcrate from Step 4 to ba
used for semivolatile organic constituents analysis to a sultable container,
such as a glass bottled with an inerc-lined screw-cap. Store the sampla ac 0-5
C prior to analysis. The sample container mustc be labelled proverly, to fncluda
:hebda:o. extraction sequence number, and an appropriace ssmple i{dencificacion
nuxber.
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Step 7 (Remainder of Filtrate) Discard any remaining filtrate

- after samples have been removed for analysis and dispose of it in accordance

with approved laboratory procedures for disposal of potentially hazardous
liquids. Dispose of the solid/filter cake in accordance with approved
laboratory procedures for disposal of potentially hazardous solid waste.

2.4.2 Further Extractions

» The need for further extractiocns is determined based on the
intarnretation of results. Depending on the amount of solid waste that is
dissolved on each extraction,. the repeated extraction of the same solid waste
sample with fresh leaching medium can be carried on indefinitely. Repeated
extractions of the same solid waste sample will suggest trends in a leachate
conscituent level (increasing, decreasing, or no change as the wasta sample is
subjeczed to repeated extractions).

3.0 QUALITY CONTROL

3.1 Introduction

Quality countrol for the solid waste leaching procedure involves two
aspects. Ore aspect ensures that the steps to be taken ia carrying out the
procedure bath are free of interferences and meet the needs of the investigator
regarding the reliability of tha results. The other aspect monitors the
procedurs while it is underway to determine whether the desired level of quality
i3 being achieved.

The guidelines given in this saction are designed to halp the
investizator fulfill these two aspects of quality control. The bagic method
used is to process procedura blanks through tha various steps in the procadure.
Thesa blanks are analyzed to deteraine whether interferences do appear. The
analytical results are used to either modify the procedura to- eliminate thae
source of the interfarencas or correct the solid wasts sample results for
background levels routinely and unavoidably pickad up. Repllcata samplas ara
processed to monitor the precision and accuracy of the procadura.

At present no solid waste reference matarial or simulant is available.

Congaquencly, interlaboratory comparisons of resulzs from using the procadure on
such 2 material are not possihle.

Analytical procedures shall conform to the Quality Assurance Program
for US Army Toxic and Hazardous Materials Agency (USATHAMA) and shall not be
performed until method/laboratory certification i{s issued by USATHAMA.

3.2 Leachate Generation

3.2.1 Preliminary
Before any solid wasts sample (s tasted using the solid waste

leaching procedure, demonstrata thac the procedure is free from any analytical
interferences by procassing procedurs blanks through the various steps.

10
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. Step QC (1) (Mixture Preparation) Using a graduate cylinder,

"add 1.0 U of the leacning medium to an extraction vessel containing no solid

waste sample.

Steo QC (2) (Tumbling) Tighten the cap on the vessel and mix
by :he rotary extractor or selected alternative method. Mix for 24 (+ 2) hours
at room temperature. Stop the rotary extractor, remove the extraction vessel,
and allow the mixture to settle for 15 minutes.

Step QC (3) (Separation)  Prepare the filtration apparatus by
the mathod of Step 4, Section 2.4.1. Filter the extraction mixture in the same
manner as that to be used with the 30lid waste samples. .

Step OC (4) (Sampling for Analysis) Ramove aliquots of the
procadure blank solution for each type of analysis to be run oan the solid waste
sample (analysis for pd, lnorganics, and volarile and semivolacile organic
constituents). If sampling for volatile organic analysis is done, follow the
method of Step 3, Section 2.4.1 for £1l1ling the sampls vial. Label all sample
containers, to iaclude date and appropriata sample identification numbar.

Steo QC (5) (Results) Examine the results of the analyses and
detarnine vhether any incerferances are present. Identify the likely sources of
the intarferences and modify the procedire accordingly. Repeat tha procassing
of a procedure blank on the modified procedure until the interfarances have been
eliminated.

3.2.2 Samole Testine

Step OC (6) (Procedure 3lank) The procedurs blank consiscs of
the laaching medium with no waste added. Process one procedure blank for aevery
batch or every ten solid wasts samples tested. Carry the ptocedure blank
through the same steps as the solid waste sample. Ensure that the procedure.
blank is treated identizally to the solid wasta sample.

5.0 EYAMIVATION OF DATA "

4.1 Calculation of Concentration

The data accunulated using the solid wastce leaching procedurs can be
usaed directly in teras of the concentration of the constituent that was found on
analysis of the leachate solution. Tha general method of calculating this
concentration is givean ia Equation 1.

€(x)L = C(anal)l x DF Equation 1

In this equacion, C(x){ {s the concentration x in the leachate soclution from
extraction scquence number { and has the dimensions of mass of x per unit volume
of leachate. C(anal)!l {3 cthe concentration of x that was found on analysis. ©OF
is the dilution factov or concencration factor for the analysis. The DF gives
the extent £o which the leachate solutfon was diluted or concencrated prior to
analysis.

11
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4,2 Caleculation of Mass Released Per Extraction

- The data accumulated can be used to calculate the mass of the
constituent released from the solid waste sample for each extraction. The
general method for calculating this mass released is given in Equation 2.

C(x) S
M(x) = i Equation 2
{1 = s:L ’

L

In this equation, M(x)1 is the mass of coustituent x that was released from the
solid waste sample during extraction sequence number i{. C(x)i, the
concentration of x in the leachate solution for the extraction i, 1is calculated
usiang Equation 1. S:L is the solid to liquid ratio used in the inicial
extraction, in terms of the mass of solid waste sample used %o the volume of
leaching solution. The volume of leachate in the danominacors of both C{x){ and
S:L must be in the same units, such as litars or milliliters, so that they will
cancal. The term M{x){ will then have the dimensiongz of masg of x rslaased per
unit mass of solid wasta, such as ag of x per g of wasta.
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APPENDIX A
SUPPLIERS

Acurex Corporation

485 Clyde Avenue
Mountaia View, CA 94042
(415) 964-3200

Associated Design and Manufacturing Company
814 Yorth Henry Street

Alexandria, VA 223134

{703) 549-5999

J. T. Bakar Chemical Company
222 Red School Lane
Phillipsburg, NJ 08865
(201) 859-2151

Bolab Incorporatad, Div. of Watar W. Plact Industries
6 Tinkam Avenue

Derry, NE (3038

(604) 434=4941

Millipoze Corporation
Ashby Road

Bedford, A 01730
(800) 225-1380

Nuclapore Corporation
7035 Commerce Circle
Plaasanton, CA 94566
(415) 462-2230

Plarce Chemical Company
P. 0. Box 117

Rockford, IL 61105
(815) 968-0747

Whesaton Scientific

1000 North Tenth Street
Millville, NJ 08332
(609) 825-1400
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WATER QUALITY CRITERIA

PARAMETER APPIICABLE CRITZRIA REFZRENCE

Aldrin Hold expasure to a minimum "Quality Criteria for Water* EPA,
1976.

08CP 0.0002 mg/1 State of Colorado Department of

Health limit per letter to
Commander, RMA, 26 Jun 79.

0CPD 1.3 mg/1 (toxicity) These quidelines are recommended
0.024 mg/1 (odor) by the US Army Medical Bioengi-
neering Research & Development
DIMP 0.5 mg/1 Lab (26 Aug 76) and are based on

toxicology studies conducted by
the Army. The Natinnal Academy
of Sciences Committee on Military
Environmental Rasearch has
reviewed the orocedures and
results of the toxicology studies
and concurred in the drinking
water levels {1 Feb 77). The
State of Coloradn has requested
the Army to meet 2 lower limit of
0.024 mg/1 for OCPO based an an
odor thrashold value.

Dieldrin Hold exposure to a minimum "Quality Criteria for Water* EPA.
1975.
Endrin 0.0002 mg/1 EPA National [aterim Primary

Drinking Water Regulation.

. Fluoride 2.4 mg/1 State of Colorado Department of
Health limit per letter to
Commander, RMA, 2 Aug 79.

Priority See Federal Registar for Federal Reqister Yol 45, No. 231,

Pollutants specific qguidalines. Friday Nov 23, 1980, pp 79318.
All other No available limits. Guidance from QTSG.
organics Removal to detectable limits.
FIGURE [I-1
6
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1.0 INTRODUCTIOM

This report provides results of extractions performed by S-Cubed
‘under Contract CSC/ATD-82-C-503 from Computer Science Corporation
during the period January 27 through February 15, 1982. The
extractions were performed in accordance with the USATHAMA Solid Waste
Leaching Procedure (SWLP), prepared by Battelle Columbus, 1981 (Exhibit
8, RFP CSC/ATD-82-R-503), on Basin F soil samples supplied by Computer
Science Corporation (CSC). Fifty of the total sixty-eight samples
received were extracted in accordance with directions from the CSC
Project Officers.

This report describes the specific activities undertaken in the
axecution of the extraction effort. The report is organized in five
sections: initial sample handling, liquid-to-solid ratio, leaching,
separation of the solid and liquid layer, and pH determinatfon. Raw
data are provided in three appendicas: Appendix A - copies of data
sheets from CSC field team, Appendix B - copies of data sheets for the
determination of 1liquid/solid ratio, and Appendix C - data record of
SWLP activities. The S-Cubed SWLP project was successful in that all
samples were extracted and shipped to the Midwest Research Institute
for chemical analysis.
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2.0 INITIAL SAMPLE HANDLING

Samples received by S-Cubed from the CSC field team were stored
at 4°C and their receipt documentad by filling out a log sheet. Table
1 summarizes the time and date of receipt of samples by S-Cubed. The
samples remained in cold storage until they were ready for processing.
Appendix A contains the Boring Log Field Data documentatiun which
S-Cubed received along with the samples.

The first step'in the SWLP was to grind up the sample to obtain
triplicate representative 100-gram samples for extraction. The samples
shipped to S-Cubed were between 400- to 500-grams each; only Sample
S20011 was less than 300 grams. In this case, two 100-gram replicates
were made up and the third only contained 57 grams. The total sampie
was placed into a mortar which was located in a hood and ground up
using a pestle until a particle siza of less than a quarter of an inch
was obtained. All ground samples were sized with a standard ASTM
1/4=-inch sieve. If a sample had an odor, care was exercized by '
minimizing time of exposure to ambient conditions. Aftar grinding, a
S-gram sampie was removed for the liquid/solid ratio detsrmination, the
remainder of the sample was returned to the sample container and stored
at 4°C.

When the leaching experiment was ready, the sample was taken from
storage and pourad onto a clean, flat surface. The sample was spread
out into a flat disk shape and divided intos quarters. Three 100-gram
samples were taken, each one was taken from a separate quarter section
and the remaining quarter was returned for storage. The 100-gram
sample was place 1{nto a one-gallon polyethylene container,
defonized-distilled water was added, and the sample was leached for 24
hours using a rotating leaching device, e.g., Acuresx design.
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Table 1
' _ RECZIVING OF SAMPLES
Samole Number Receiving Time Sample Date

$20007 12:10 pm - 1/27/82
$20002 12.10 pm 1/27/82
$20003 12:10 pm 1/27/82
$20004 A 2.1 pu 1/27/82
$20005 12:10 pm 1/27/82
$20006 12.10 pm 1/27/82
$20007 12:10 pm 1/27/82
$20008 12.10 pm 1/27/82
$20009 12:10 pm 1/27/82
$20010 12.10 pm 1/27/82
$200M 12:10 pm 1/27/82
$20012 11:30 am 1/28/82
$§20013 11:30 am 1/28/82
$20014 11:30 am 1/28/82
$20015 11:30 am 1/28/82
$20016 11:30 am 1/28/82
$20017 - 11:30 am 1/28/82
$20018 11:30 am 1/28/82
.-) $20019 11:30 am 1/28/82
520020 11:30 am 1/28/82
$20021 11:30 am 1/28/82
$20022 171:30 am 1/28/82
$20023 11:30 am 1/28/82
$20024 11:30 am 1/28/82
$20025 11:45 am : 1/29/82
$20026 11:45 am 1/29/82
$20027 11:45 am 1/29/82
$20028 11:45 am 1/29/82
$20029 11:45 am 1/29/82
$20030 11:45 am 1/29/82
— $20031 11:45 am 1/29/82
$20032 11:45 am 1/29/82
$20033 11:45 am 1/29/82
$20034 11:45 am 1/29/82
$20035 11:45 am 1/29/82
$20036 11:45 am 1/29/82




Table 1 (Continued)
RECEIVING OF SAMPLES

Sample Number Receiving Time Sample Date
$20037 9:30 am 1/30/82
$20038 9:30 am 1/30/82
$20039 9:30 am 1/30/82
520040 9:30 am 1/30/82
$20041 9:30 am 1/30/82
$20042 9:30 am 1/30/82
$20043 9:30 am 1/30/82
$20044 9:30 am 1/30/82
520045 9:30 am 1/30/82
$20046 . 9:30 am 1/30/82
$20047 9:30 am 1/30/82
$20048 9:30 am 1/30/82
$20049 9:30 am 1/30/82
$20050 9:30 am 1/30/82
$20051 3:30 pm - 2/2/82
$20052 3:30 pm 2/2/82
$20053 3:30 pm 2/2/82
$20054 3:30 pm 2/2/82
$20055 3:30 pm 2/2/82
$20056 3:30 pm 1 2/2/82
$20057 3:30 pm 2/2/82
$20058 3:30 pm 2/2/82
$20059 3:30 pm 2/2/82
$20060 3:30 pm 2/2/82
$20061 3:30 pm 2/2/82 .
$20062 3:30 pm 2/2/82
520063 3:30 pm 2/2/82
$20065 3:30 pm 2/2/82
$20066, 3:30 pm 2/2/82
$20067 3:30 pm 2/2/82
$20068 3:30 pm 2/2/82




3.0 LIQUID-TO-SOLID RATIO

The Liquid-to-Solid Ratio (LSR) was determined to be the amount
of water that naturally sorbs onto the scil extracted. This amount of
watar must be corrected for in making calculations of extraction
efficiencies in accordance with SWLP.

s-Cubed took 5 grams of Basin F samgle and placed it intc a glass
column fitted with a stopcock. The dimensions of this column were
15-cm long by l-cm i{nternal diameter. The S5-gram sample initially
filled the column %o about 10 cm. The soil was compressad to 5 cm.
S-Cubed was never given any information about soil density, but the
packing procedure was consistent for all samples. -After the column was
packed, 5 ml of deionized-distilled water was added to the column with
the stopcock closed. The water was allowed to wet the soil. When the
soil was wet, the stopcock was opened and the excass water was allowed
to drain into’ a graduated cylinder. The volume of water retained Dy
the’ soil was calculated and this number was entered into the data
records.

The calculations for the volume of excass watar to be added for
leaching were:

Y 1iquid
- = ratio = LSR
W solid
where
v = volume of water ratained by ofl, m.
W = waight of soil tested, g

LSR x 100 g = volume of water to be added to leaching solution, mi




In addition to the volume of excass water to be added from the above
calculation, one liter of deionized-distilled water was employed as the
bulk extraction medium.

When the sample was a sludge, the sludge was initially filtared
using an 0.45-micrometer membrane filter. The resulting filtrate was
added to the final extracted solution. For these samples, a 100-gram
sample was taken from the moist soil sludge sample which remained after
filtering without adding excess water.

Table 2 contains the vresults of the 1liquid/solid ratio
determination.

Table 2
RESULTS OF LIQUID/SOLID RATIO DETERMINATION

: Total
Sample Volume of ‘Yolume of Water Yolume

Sample Weight Water Retained ' Water Added for Extraction
Number (q) (m.) Ratio _(ml) (ml)
$20001 5 1.4 0.28 28 1028
$20002 5 2.0 0.40 40 1040
$20003 5 1.5 0.30 30 1030
$20008 5 1.2 0.24 24 1024
$20006 5 1.2 0.24 24 1024
$20007 5 1.5 0.30 30 1030
$20009 5 0.8 0.16 16 1016
$20010 5 1.2 0.24 24 1024
$20011* 5 1.3 0.26 26* 1026*
$20012 5 1.4 0.28 28 1028
$2C013 5 1.1 0.22 22 1022
$20018 5 0.3 0.16 16 1016
$20017 5 1.5 0.30 30 1030
s2C018 5 1.3 0.26 26 1026
§20020  sludge 1000
$20021 5 1.0 0.20 20 - 1020
$20022 5 1.6 0.32 32 1032

]




Table 2 (Continued)
RESULTS OF LIQUID/SCLID RATIO DETZIMINATION

Total

. aale Volume of Voluma of water Yolume

N - 3ht Water Retained Aater itzed  “or Extraction
- 3] (mL) Ratio (= (mi)
f}" .dge . 1060
. : 1.5 0.30 32 1030
e’ : 1.2 0.24 - 1024
o : 2.0 0.40 =< 1040
b 3 1.0 0.20 = 1020
o i 1.2 0.24 <= 1024
A : 0.6 0.12 12 1012
i 3 1.1 0.22 2 1022
727 : 1.6 0.32 32 1032
<. idge - 1000
b 3 1.9 0.38 33 1038
s 3 2.0 0.40 =J 1040
o 3 2.3 0.46 <3 1046
e 3 0.8 0.16 13 1016
S 3 0.4 0.08 °S 1008
S 3 1.5 0.30 33 1030
o 5 2.0 0.40 = 1040
o "udge 1000
SR 3 0.8 0.16 18 1016
S 3 1.6 0.32 32 1032
L 3 1.9 0.38 33 1038
R 5 2.7 0.54 3 1054
A 3 1.0 0.20 . 1020
S 3 1.2 0.24 =< 1024
;o 5 1.1 0.22 al 1022
' 3 0.7 0.14 1+ 1014
~Jf' 5 1.3 0.26 23 1026
e 3 0.5 0.10 19 1010
o 3 0.8 0.16 18 1016
A 5 0.6 0.12 12 1012
,“t*i 5 0.5 0.10 12 1010
;“3w 5 Q.5 0.10 10 1010
e udge 1000

"M 2011¢ only uzzz 57 grams, volume for axiraciicon was 5385 ml.

-




4.0 LEACHING EXPERIMENT

S-Cubed employed two Acurex rotary extractors which had the
capability to extract twelve 100-gram samples per 24-hour peried.
After the liquid/solid ratio was determined, three 100-gram replicates
of the soil samples were placed into three 1l-gallon polyethylene
containers., One liter of deionized-distilled water was added to each
container, pius the volume determined from the liquid/solid ratio. The
container was then placed into the extractor and Teached for the
24-hour period. Table 3 lists the total time for each leaching.

Since the rotary extractor was operating continuously for 13
days, the extractions usually ran for 23 hours so that the equipment
would have a rest; thus preserving the integrity of the equi prﬁent.

Because of an electric power failure and a breakdown of one
extractor during the ccurse of the leaching experiment, Samples $20057,
520058, 520060, S20061, S20067, and S20063 were extracted on the efghth ~
day after sample c¢ollaction and Sample S20062 was extracted on the
ninth. The SWLP procedure called for seven days to preclude gross
change in sample composition, but the time could be extended {f the
samples are stable. In order to obtain greater resolution on the
stability of these samples, Samples S20C53 through S20056 were
collectad the zame day as Samples $20057 through S20061 and the latter
series were extracted within the timeframe stipulatad by the SWLP.
Upon analysis by MRI, it may be estimated whether or not the extra one
or two days of storage affectad the stability of these samples.




Table 3
TIME OF SAMPLE LEACHING

Extraction
. Start Finish Total Time in

Sample Number Time Date Time Date Hours/Minutes
$20001 3:53 pm  1/27/82 3:53 pm 1/28/82 24
520002 3:53 pm 1/27/82 3:53 pm 1/28/82 24
$20003 4:05 pm  1/28/82 4:15 pm 1/29/82 24
$20005 4:05 pm 1/28/82 4:15 pm  1/29/82 24/10
$20C06 4:05 pm  1/28/82 4:15 pm . 1/29/82 24/10
$20007 4:05 om  1/28/82 4:15 pm  1/29/82 24/10
$20009 4:48 pm 1/29/82 4:00 pm  1/30/82 23/22
$20010 4:43 pm  1/29/82 4:00 pm  1/30/82 23/22
$20011 4:48 pm  1/28/82 9:15 am 1/31/82* 24/33
$20012 4:483 pm 1/28/82 9:15 am  1/31/82~ 24/33
$20013 4:15 pm  1/30/62 4:20 pm  1/31/82 24/05
520016 4:15 pm  1/30/82 4:20 pm  1/31/82 24/05
$20017 5:22 pm 1/31/82 4:35 pm  2/1/82 23/23
520018 5:22 pm  1/31/82 4:35 pm  2/1/82 23/23
520020 5:00 pm 2/1/82 4:00 pm  2/2/32 23
520021 5:22 pm  1/31/82 4:35 pm 2/1/82 23/23
$20022 5:22 pm 1/31/82 4:35 pm 2/1/82 23/23
$20025 5:00 pm 2/1/82 4:00 pm 2/2/82 23
520026 5:00 pm 2/1/82 4:00 pm 2/2/82 23
s20027 5:00 pm  2/1/82 4:00 pm  2/2/82 23

© §20028 5:00 pm 2/2/82 4:00 pm 2/3/82 - 23
$20030 5:00 pm 2/2/82 4:00 pm 2/3/82 23
$20031 5:00 pm 2/2/82 4:00 pm  2/3/82 23
$20034 5:00 pm 2/2/82 4:00 pm  2/13/82 23
520035 5:00 pm 2/3/82 3:55 pm 2/4/82 22/55
$20036 5:00 pm 2/3/82 3:55 pm  2/4/82 22/55
$20038 5:00 pm 2/3/82 3:55 pm 2/4/82 22/55
$20039 5:00 pm  2/3/82 3:55 pm  2/4/82 22/55
$20040 4:30 pm 2/4/82 8:30 pm  2/5/82%= 23
$20041 4:30 pm  2/4/82 8:30 pm  2/5/82%~ 23
520043 4:30 pm  2/4/82 8:30 pm  2/5/82*~ 23
S20044 4:30 pm  2/4/82 8:30 pm  2/5/82%~ 23
520047 8:30 pm 2/5/82 6:30 pm 2/6/82 22
$20048 8:30 pm 2/5/82 6:30 pm  2/6/82 22
520051 8:30 pm  2/5/82 6:30 pm  2/6/82 22
S20052 8:30 pm 2/5/82 6:30 pm 2/6/82 22




Table 3 (Continued)
TIME OF SAMPLE LEACHING

Extraction
: Start Finish Total Time in
Sample Number Time Date Time Date Hours/Minutes
$20053 6:30 pm 2/6/82 4:30 pm  2/7/82 22
520054 6:30 pm 2/6/82 4:30 pm 2/7/82 22
$20055 6:30 pm 2/6/82 4:30 pm  2/7/82 22
S20056 6:30 pm 2/6/82 4:30 pm  2/7/82 22
$20057 4:35 pm 2/7/82 4:00 pm 2/8/82 23/25
$20058 4:35 pm  2/7/82 4:00 pm 2/8/82 23/25
$20060 4:35 pm  2/7/82 4:00 pm 2/8/82 23/25
S20081 4:35 pm  2/7/82 4:00 pm 2/8/82 23/25
$20062 5:45 pm  2/8/82 4:30 pm  2/9/82 22/45
S20064 5:45 pm  2/8/82 4:30 pm 2/9/82 22/45
$20065 5:45 pm 2/8/82 4:30 pm 2/9/82 22/45
520065 5:45 pm  2/8/82 4:30 pm  2/9/82 22/45
$20067 5:30 pm 2/9/82 5:00 pm  2/10/82 23/20
5:00 pm 2/10/82 23/20

$20068 5:30 pm  2/9/82

*Samples S20011 and S200'2 - rotary extractor breakdown at night,
instrument was not repaired until 12:00 pm.

**Samples 520040, S20041, S20043, and 520044 - S-Cubed had a five-hour
power failure at night.
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5.0 SEPARATION CF THE SCLID AMD LIQUID LAYERS

S-Cubed employed six Millipore Hazardous Waste Sample Filtration
System devices (Millipore Model No. YT30142HW). The filter pads were
the fine glass fiber prefilter pad (Millipore Model AP1512450) and the
0.45 micrometer nitrocellulose membrane filter (Millipore Model
HAWP14250). Because the Basin F samples contained clay which clogged
the filters continuously, S-Cubed had %o modify SWLP filtration .
procedure. The modification consisted of filtering the sample twice,
first with the fine glass fiber prefilter pad, then with the 0.45
micrometer membrane filter. This procedure was employad because
placing three filters on top of each other was too slow and the
uppermost filter would clog and no sample would pass through the other
filters. The following paragraph describes how S-Cubed filtered the
Basin F samples. Table 4 contains the times and dates for filtering
samples.

After the sample was mixed for 24 hours, it was either filtared
immediataly or placed into storage at 4°C. A Mi1lipore filtration
system was set up with a fine glass fiber prefilter pad, and the sample
was poured finto the device. Usually, about half of the approximately
one-liter sample was filtered -at. a time. If the filter pad clogged,
the remaining unfiltered material was transferred to a beaker and the
filtar was repldced. 'The filter device was then reassembled and
filtering continued. The second half of the sample contained most of
the solids and ‘they wera quantitatively transferred to the filter
device and filtered. After the sample was filtered, the filter system
was taken apart, cleaned with deionized-distilled water, and
reassembled with an 0.45-micrometer filter. Again, {f clogging of the
filter occurred, the filter was replaced and the process continued.
The pressura employed for filtration was 75 psi.




When the filtration was complete, the sample extract filtrate was
transferred into a one-gallon glass container and stored at 4°C. When
the other two replicates were completed, their fiitratas were added to
the gallon container; the volume of sampla extract filtrate totaled
three liters. The only exception to this was for Sample S20011, where
the volume was 2585 ml because of a small soil sample size.

A 500-mt aliquot of the filtrate was taken from the 3-liter
sample and nlaced into a polyethylene container for pH measurement and
preservation for metal analyses (see Section 6.0). The remaining
sample was stored at 4°C, waiting for shipment to MRI.

Table 4
SCHEDULE FOR FILTERING

' Fiitering Storage
Sample Numbar Time Date Time Date
$20001 . 4:30 pm  1/28/82 2:00 pm  1/29/82
$20002 4:30 pm 1/28/82 2:05 pm 1/29/82
$20003 8:00 am  2/1/82 12:00 pm  2/1/82
$20005 1:00 pm  2/1/82 4:30 pm  2/1/82
$20006 8:00 am 2/2/82 - 1:15 pm 2/2/82
$20007 8:00 am  2/2/82 2:15 pm 2/2/82
$20009 1:20 pm  2/2/82 2:15 pm  2/3/82
§20010 2:20 pm 2/2/82 6:30 pm 2/2/82
$20011 9:00 am  2/3/82 1:00 pm  2/3/82
520012 1:00 pm 2/3/82 2:00 pm 2/3/82
$20013 1:00 pm 2/3/82 3:30 pm 2/3/82
520016 8:15 am 2/4/82 10:00 am 2/8/82
$20017 3:30 pm  2/3/82 10:15 am  2/4/82
$20018 ’ 3:30 pm 2/3/82 10:00 am 2/4/82
$20020 10:00 am 2/4/82 11:30 am  2/8/82
$20021 10:00 am 2/4/82 12:00 pm 2/8/82
$20022 11:00 am 2/5/82 12:30 pm 2/8/82
$20025 2:30 pm 2/9/82 5:50 pm 2/9/82
520026 2:30 pm 2/9/82 9:00 am 2/10/82

520027 2:30 pm 2/9/82 11:30 am 2/10/82




Table 4 (Continued)
SCHEDULE FOR FILTERING

Filtering Storage

Sample Number Time Date Time Date

$20028 8:30 am 2/10/82 9:30 am 2/10/82
$20030 8:30 am 2/10/82 11:30 am- 2/10/82
$20031 9:30 am 2/10/82 12:30 pm 2/19/82
520034 1:30 pm 2/9/82 9:00 am  .2/11/82
$20035 8:00 am 2/9/82 11:30 am 2/9/82
§20036 8:20 am 2/9/82 12:00 pm  2/9/82

$20038 2:3C pm 2/10/82 9:00 am 2/11/82
$20039 8:30 am 2/10/82 1:00 pm 2/10/82
$20040 8:30 am 2/10/82 1:30 pm 2/10/82
S20041 9:30 am 2/10/82 11:00 am 2/10/82
520043 9:00 am 2/11/82 2:00 pm 2/11/82
S20044 1:00 pm 2/11/82 9:00 am 2/12/82
$20047 11:00 am 2/9/82 3:00 pm 2/9/82

520048 10:30 am 2/9/82 3:00 pm 2/9/82

$20051 1:30 pm 2/11/82 5:50 pm 2/11/82
$20052 3:30 am 2/12/82 3:30 pm 2/12/82
§20033 9:30 am 2/14/82 5:15 pm 2/12/82
$20054 2:55 pm 2/12/82 11:00 am 2/16/82
$20055 10:C0am = 2/16/82 3:00 pm 2/16/82
520056 9:00 am 2/11/82 12:30 pm 2/11/82
§20057 10:30 am 2/10/82 2:30 pm 2/10/82
§20058 11:00 am 2/10/82 4:50 pm 2/10/82
$20060 3:30 am 2/16/82 8:30 om 2/16/82
§2C081 9:00 am 2/13/82 4:50 pm 2/13/82
$20062 11:30 am 2/13/82 1:30 pm 2/13/82
$20064 10:00 am 2/14/82 2:00 pm 2/14/82
$20065 12:00 pm 2/13/82 1:30 pm 2/13/82
$20066 1:30 pm 2/14/82 2:00 pm 2/14/82
$20067 4:30 pm 2/16/82 8:30 am 2/16/82

§20063 10:30 pm 2/13/82 12:00 pm 2/13/82




6.0 pH DETERMINATION

After filtration, the sample was split into a 500-mL sample
(polyethylene container) for inorganic analysis and the remainder of
the sample (amber glass, Teflon cap) for organic amalysis. The pH of
the sample was obtained with an Orion pH meter (Model 407A) and an
Orion combination pH electrode (Model 91-05). The Orion pH meter and
electrode were calibrated after each determination with iwo buffer
solutions (pH4, pH7)}. The resylts of the pH detezrminations are listad
in Table 5.

After determination of the pH, the inorganic aliquot was adjusted
to a pH value of less than two, with Ultrex nitric acid (volume of
added acid was between one and two milliliters). S-Cubed also provided
to MRI a one-liter water blank sample for analysis of organic compounds
and a 500-mL (with the added Ultrex .itric acid) inerganic blank.

Table's
pH JALUES FOR THE LEACHATE SAMPLES

Sample Number pH Value
$2000C1 6.9
$20002 4.8
$20003 4.9
$20005 5.8
$20006 4.8
$20007 4.4
$20009 4.8
$20010 5.4
$20011 5.9
$20012 8.4
$20013 8.2
$20016 5.6
$20017 5.8
$20018 5.6
520020 8.1
$20021 5.3

14




Table 5 (Continued)
D pH VALUES FOR THE LEACHATE SAMPLES

Sample Number H

520022
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APPENDIX B
LIQUID/SOLID RATIO (LSR) DETERMINATION DATA SHEETS
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APPENDIX C
SWLP ACTIVITIES DATA SHEETS
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API;ENDIX E: METHODS FOR BULK ANALYSTS OF BASIY F SAMPLES



METHODS FOR BULX ANALYSIS OF ROCKY MOUNTAIN ARSENAL (RMA)

SUREACE SOIL SAMPLES rOR SEMIVOLATILE ORGANICS

I. Iatroduction

MRI personnel are currently validating a proposed method for the
analysis of hazardous waste samples for crganic compounds. Some of the
samples have included contaminated soil Lad sedimeat samples. We believe
the method described below will work very wall to determine the ideatity
‘and amounts of semivolatile organic compounds, iancluding the 10 designated
compounds, in the surface soil samples from RMA.

II. Analytical Method

A. Scope and Application

1. This method covers the determination of semivolatile organic
compounds in nesarly all types of samples, regardless of water coatent, in-
cluding aqueous sludges, caustic liquors, acid liquors, waste solvents,
cilvy wastes, tars, mosses, fibrous wastes, polymeric emulsions, filter
cakas, spent carbous, spent catalysts, soils, and sediments.

2. The method is applicable to the determination of most neutral,
acidic¢, and basic compounds that are soluble in methylene chloride and are
capable of being elutad without derivatization as saarp peaks from a gas
chromatographic fused silica capillary column coated with a slightly polar
silicone. Such compounds include polycyclic aromatic hydrocarboas, chlori-
natad hydrocarboas and pesticides, phthalate estars, organophosphate estars,
nitrosamines, haloethers, aldehydes, ethers, ketoanes, anilines, pyridines, -
quinolines, aromatic nitro compounds, and phenols including nitrophenols.

3. The detection limit of the method for determining an individ-
ual compound is approximactely 1 ppm (pg/g, wet weight). For samples which
contain more than 1 mg/g of total solveat extractable material, the detec-
tion limit is proportionately higher.

4. This method is based upon a solvent extractioa, gas chromato-
graphic/mass spectrometric (GC/MS) procedure.

5. This method is restricted to use by or uader the supervision
of analysts experienced in the use of gas chromatograph/mass spectrometers
and skilled in the interpretation of mass spectra. Each analyst must demon-
strate the ability to generate acceptable results with this method.

B. Summary of the Method

A measured weight of sample, 3.0 g wet weight, is adjusted to
pd 7.0 and sonified with 150 ml of methylene chloride. Anhydrous sodium
sulfate is added to bind the water present. A portion of the methylene
chloride supernatant is conceatrated aand analyzed by GC/MS using a fused




silica capillary column. Qualitative ideatification is performed using the
ratention time of the compound and the relative abundance of three or more
characteristic ions. Quantitativa analysis is performed using an internal
standard technique with a single characteristic ioa.

€. Safety

The toxicity or carcinosgeaicity of each sample, r2agent, and cali-
bration compound cannot be precisely defined. Thus, each sample aad each
chemical compound is treated as a poteatial health hazard. From this view-
point, exposure to these chemicals must be minimized by whatever means avail-
able. All operations involving the use of methylene chlocide and the samples
- will be performed in a hood. Care will be taken to avoid contact of skin
with methylene chloride. All worlrwith the sample will be performed in a
limited access laboratory. Laboratory coats, safety glasses, and gloves
will be worn by all personnel working with the contaminated soil samples.

D. Sample Storage, Preservation, and Handliag

The contaminatad soil samples will be contained in glass jars
having Teflon~lined screw caps. The samples will be refrizerated at 4°C
from the time of collection until axtraction. All samples will be extracted
within 10 days of receipt and completaly analyzed within 21 days of receipt.

E. Details of the aAnalvtical Method

1. An aliquot of the sample is first extracted to determine the pH.
a. Thoroughly mix sample.
b. Weight 3.0 g (wet weight) into 200-ml centrifuge tube.
€. Add 15 ol methylene chloride and.IS ml of water.
d. Sonify mixture for 2 min.

e. Transfer mixture to 400-ml beaker using 50 ml methylene
chloride and 150 ml water as rinses.

f. Adjust pH of mixture to 7.0 £ 0.2 by titration with 0.4
H3PO4 or 0.4 ¥ K3PO4 using a pH meter to measure pH. Record volume of aczd
on base required.

2. The extraction with methylene chloride is then performed using
a fresh pertion of the sample.

a. Weigh 3.0 g (wet weight) of sample into 200-aml centrifuge

tube.

b. Add 15 ml methylene chloride.

c. Add 1.0 ml of 4 Y phospnate buffer.




.d. Add ao amount of 4 M H3PQ4 or 4 M H3PO4 equal to one-tenth
of the pH 7 acid or base requirement from above.

e. Sonify mixture for 1 min (cool if necessary to maintain
20 to 30°C).

f. Add 135 mi of methylene chloride.
g. Sonify mixture for 1 mia.

h. Add an amount of anhydrous sodium sulfate powder equal
to 15.0 g plus 3.0 g/ml of the 4 M H3PO, or 4 M X3PO4 used above.

i. Cap centrifuge-tube and shake for 1 min.
j. Somify wixture for 2 min.

k. Obtain clear supernatant by letting sample stand on cen-
trifuging if necessary.

1. Filter a portioa (2 2 ml) through a 0.2 y Tafloa filtar.

_ 3. A portion of the metuylene chloride extract is then adjustad
to an appropriate volume prior to capillary GC/MS analysis by determining
the total solvent extractable constant (TSEC) and screeping by capillary
GC/FID.

a. Transfer 0.1 ml of the supernatant from above to a tared
aluminum weighing dish.

b. Place sample 8 ¢m from heat lamp aand allow solvent to
evaporate, and weigh on microbalanca.

c. From the residue weight, sdjust an appropriate aliquot
of sample extract, using Kuderna-Danish coacentration, to a final volume
such that the TSEC is 1 to 2 mg/ml.

d. Apnalyze the appropriately concentrated extract by zas
chromatography using the following coaditions:

Detection: Flame ionization

Column: 30 m x 0.25 mm ID fused silica capillary column

, coated with SE-S2 methyl silicone

Column temperature: 30-40°C (4-min hold), then 8°C/min
to 300°C (10-min hold)

Column flow: 30 cm/sec linear velocity (He)

Injeczion temperature: 2£3°C

Detaction temperacure: 3G0°%

Injection: Grob-type, splitless

Sample volume: 1 il




e. Further adjust volume of extract if necessary, prior to
GC/MS analysis, so that the average peak height of five largest peaks corre-
sponds to 500 to 100 ng as determined from analysis of an external ancthracene
calibration standard.

4. The sample is now ready for spiking with internal standards
and analvsis by GC/MS.

a. To 1.0 ml of the sample extract with the optimum coacea-
tration, add a volume of internal standard solution containiag 50 yg of the
internal standard, D,g-anthracene.

b. Determine the concentration relative ts %he original
sample that is represented by the 30 pg of each internal standard in the
1.0 ml aiquot of volume-adjusted extract.

¢. Tune and calibrate Finnigan 4000 GC/MS instrument so that
EPA-specifiad tuning criceria are met for DFTPP? and so that 50 ng of Byo
phenanthrene yields about 200,000 counts.

d. Analyze the sample by GC/MS using the same cunditions
described above for the GC/FID analysis. The initial column temperature
should be 30°C. The mass spectrcmeter should be scanned from 40 to 430 amu
with a 0.75 = 1.0 search per scan time.

5. The GC/MS data from the sample is then ready for inspection,
interpretationa, evaluation, and compilation as dascribed below.
. a. The raw data are searched for the target compcunds of
interest using a computer automated reverse search routine.

b. The quantitatioc report from the reverse search is in-
spected to ensure that internal standards wers fouad by the search routine.

¢. The amounts of the target compounds found in the sample
are corrected to original sample concentrations.

d. The mass spectra of major peaks in the sample, which are
not target ccmpounds, are searched against the NBS librarv.

e. The results of the NBS library search results are exanm-
ined manually to determine if they provide a reasonable ideatification four
the compound. Additional manual interpretation of the mass spectra is
applied when needed.

f. Quantification of non-targzet compounds is estimated based
on the area counts {rom the total ionization of the mass spectrum compared
to the total iocnization area counts of the internal standard.

6. The GC/MS data are compiled into a table listing the compounds
fannd and their ¢onceatration ia the soil samples. [f any compounds cannot
be idencified, the characteristic mass spectral fragmentatioa ions and the
estimated concentration of the compound will be reported.




1II. Qualizy AssurancesCuality Control

The objective of the Q4/QC activities associated with this project
will be to provide data of known quality. Ia case the rasults of the analyses
are contestad, the information used to generate the data will have been thor-
oughly documentead.

A. QA Cbjectives

The objectives of the QA/QC activities for this program will be
to make certain that the chemical analyses are performed under comntrolled
conditions and that all experimental work is recorded for archival storage.

B. Documentation and Records

The documents for this program will include data reports, letters
of tragsmittal, records of relevant telephope coaversatious, and all data
and all hard-copias data and records associated with effurt on the program.

The specific data for which records will be kept will include the
following:

* Sample Handling

Date received

Condition and appearance of the samples
Location and tamperature of storage

Data extractad

Location and temperature of storage of extracts

» Analytical Data

Late of GC/MS analysis

All volumes and weights used

Dilution and conceatration factcrs

Amounts of iatermal standards used

Internal standard area respoase

Injection volumes '

Relative response factors used for quaantification
Tctal solvent extractable conteat (TSEC)

Scan number and retention time of GC/MS peaks
Most intense mass spectral fragmentatioas
Compound identification

Total ion chromatograms

Library search resul:ts

9-Track tape storage files of all GC/YS data
Results of analvsis of calibracion staadards
Mass spectrometer tuniag cesuits

Inastrument maintenance records




C. Blanks and Spikas

One method blank and one fortifie? blank will be generated during
analysis of the six coctaminatad soil samples. The method blank sample will
consist of all reagents used in sample preparation and carried through the
enatire sample preparation process and analv-ed by GC/MS. {his activity will
assess purity of reagents and cleanliness of apparatu- and environmeat.

The fortified blank will consist of all reagents usaed in sample preparation
plus the 10 target compounds at a level equivalent to 10 wg/g. This will
be carried through the entirs sample preparation process and asalyzed by
GC/MS. This activity will monitor the method recovery for the targetad
compounds .



METHODS- FOR BULX ANALYSIS OF ROCKY MOUNTAIN ARSENAL (RMA)

SURFACE SOIL SAMPLES FOR INORGANICS

I. Iatroduction

MRI personnel have recently investigated analysis procedures for
soil samples, including digestiocn studies and instrumeat optimization. The
methods described below are expected to be applicable to the soil samples
from RMA.

II. Analytical Method

A. Scope and Summary -

MRI will apoply acceptad amalytical methods for the amalysis of
soils and sediments for inorganic comstituents. A vigorous aitric acid wet
digestion of each sediment sample will be performed to quantitatively remove
all Hg, As, F, and other cumnstitueats of intersst. The acid leachates will
first be quantitatively analyzed by inductively coupled plasma (ICP) emission
spectrometry for the 28 elements listed on Table 1. Mercury and arseaic
will also be determined in the digests by cold vapor and hydride genmeration
atoric absorption spectrophotometry, respectively. Fluoride will be deter-
mined by a U.S. Environmental Protaction Agency ion selective electrode
method.

B. Safetv

All samples and extracts will be considered hazardous and will be
handlad with utmost care. Rigid sample and extract coatrol will be exer-
cised to ensure sample integrity and minimize human exposure. All actual

samples and digests will. be stored in hoods whes not being manipulated in
the laboratory.

All pertinent regulations of the MRI Safety and Health Manual and
the MRI General Safety Regulations for the Use of Carcinogemic Materials

will be followed. In particular, all equipment and containers will be de-
contaminated as prescribed.

C. Sample Storage, Preservation, Handling

Subsamples for inorganic analysis will be placed in clean plastic
bottles fully labelled with the sample name, description, date, and other
necessary information. Extract prepared for elemental analysis shall be
stored at room temperature in the Atomic Spectroscopy Preparation Lab.
Samples for T analysis will be stored at 4°C in darkness and will be ana-
lyzed as soon as possible after preparation.
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TABLE 1
AVAILABLE ANALYTICAL CHANNELS

Estimated Detection

o

Element Wavelength (A) Limit (pg/g sediment
Sn 1899 1.2
Tl 1908 1.6
As 1936 2.0
Hg 1942 1.2
Se 1960 = 3.0
Mo 2020 0.32
Sb 2068 1.2
Zn 2138 0.16
P 2149 2.4
Pb 2203 1.6
Co 2286 0.28
Cd 2288 0.16
Ni 2316 0.€0
Be 2348 0.05
Al 2373 1.0
B 24906 0.20
Mn 2576 0.08
Fe 2599 0.28
Cr 2677 0.28
Fe 2714 2.0
Mg 2795 1.2
Al 3082 - 1.8
Cu 3247 0.26 _
Ag 3280 0.28
Ti 3349 0.16
Y 3710 0.08
Ca 3968 0.40
Ba 4934 0.08
Na 5890 1.2
K 7665 12

big
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D. Method Descriptions

1. Sample preparation: The sediments will be wet digested for
dissolution of the total amount of metals and fluoride present:

a. Five grams of homogenized sediment and 20 g of concen-
trated Baker Ultrex® HNO3 will be placed in 250-ml, acid-cleaned Pyrex®
graduated Erlenmeyer flasks.

b. The flasks will be capped with a cleaned glass cap and
placed in an oven at 80°C for 2 hr.

c. The tube will mildly agitate for approximately 5 sec
every half hour. =

d. The flasks will be removed and cooled to room temperature.
e. The samples will be diluted to volume with deionized water.

2. Instrumental analvsis

a. ICP emission spectrometrv

(1) Instrument description: A 30-channel Jarrell-ash
Model 1155A direct-reading ICP emission spectrometry will be used. This
instrument has the following features to enhance sample analysis quality
and to be cost-effactive:

* Triple point background correction

3
~

Automatic interelement spectral interference correction

*

Spectrum scanning for sample matrix diagnostics

*

200 sample autosampler

Digital Equipment Corp. PDP 11/23 computer with
advanced data management capability

Table 1 lists the analyte emission channels and the in-
strument detection limits for sediments. The detection limits are defined
as three times the standard deviation of replibate midrange analyses.

(2) 1Icp analysis procedure: ICP analysis will follow
the U.S. EPA Interim Method 200.7, "Inductxvely Coupled Plasma - Atomic
Emission Spectrometric Method for Trace Element Analysis of Water and Wastes,"
November 1980. The analysis quality comtrol features of this procedure are
discussed in the next section. The exceptions are that an interference
check sample shall be analyzed on an as-needed basis and a 10% nitric acid
matrix will be used for calibration standards. Appendix A contains a copy
of Interim Method 200.7.

s ot
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b. Fluoride potentiometrvy

(1) Instrument description: An Orion Model 6014 digital
potentiometer will be used for F anmalysis. An Orion F selective solid elec-
trode will be the working electrode and a Ag/AgCl electrode will be the ref~
erence.

(2) F potentiometry procedure: Fluoride zmalysis will
follow U.S. EPA Method 340.2. LIf nacessary, the samples will be distilled
according to the Rocky Mountain Arsenal procedure.

c. Atomic absorption analvsis for As and Hg

(1) Instrumenc description: A Varian AA6 and Varian
AAS spectrophotometer will b= used for As and Hg analysis, respectively.
Both ipstruments have hydrogen-lamp background correction.

(2) As and Hg analysis procedures: Arsenic analysis -
will follow both Rocky Mountain Arsenal procedures and U.S. EPA Method 206.3.
A 1 hr hot HCl incubation at 90°C will be used to reduce any As(V) to As(III)
instead of KI and SnCljp.

Mercury analysis will follow both Rockvy Mountain Arsenal
procedures and U.S. EPA Method 245.1.

III. Quality Assurance Plan

This plan conforms with the overall project QA plan and details
actions specific to inorganic analysis of trace metals and fluoride in di-
gestions of contaminated pond sediments. '

A, Personnel Responsibilities

Dr. L. Petrie will act as the imorganic atalysis task leader for
this program. He will: = T

* Maintain document control of laboratory data, field data, notes,
records, etc.
% Verify that each entry is valid by initialing at the bottom of
each workbook page.

Be responsible for chain of cusgody.

ofa
iy

Immediately report in memo form any problems which arise during
the course of the task.

Enforce instrument calibration and maintenance procedures and
schedule.




B. Sample Custody

1. All field samples shall bDe stored in a locked refrigerator at
4°C. Analysts shall record in a bound logbook the name, date, time, and
amount of each sample taken for preparation and analysis.

2. The analyst checking out samples shall complete the appropriate
entries on one of the three project data recording sheets (Figures 1-3):

* Field samples - for samples and duplicate subsamples
* Spikes - for samples fortified for anmalyte recovery study
* Blanks - for method blanks

C. Calibration Procedures and Frequency

1. Each instrument shall be calibrated at the frequeacy stated
in the analytical methods described in Section D. Generally, calibration
shall be at least once every time a batch of samples is analyzed.

2. For ICP emission spectrometry, an Instrument Check Standard
(ICS) is analyzed after calibration according to Jarrell-Ash instrument oper-
ating procedures. If the measured concentration values for the analytes of
the ICS are within * 5% of the correct values, samples can then be analyzed.
If not, the instrument must be recalibrated.

3. For atomic absorption analysis, four calibration standards
and a reagent blank are analyzed in triplicate. A linear regression of the
absorbance values versus standard concentration is performed. If the coef-
ficient of ‘determination (r2) is 2 0.996, the calibration curve is suffi-
ciently linear and sample analysis may begin. Otherwise, instrumenc cali-
bration must be repeated. '

- -

4. For fluoride potentiometric analysis., a six standard calibra-
tion curve will be generated before analysis of each sample batch. An
Instrument Check Standard (ICS) will be analyzed every hour to assure the
instrument is still calibrated.

5. A bound Instrument Log Book (ILB) will be kept for each major
laboratory instrument requiring calibration and routine maintenance:

Mettler Gram-Atic analytical balaace

Varian AA6 spectrophotcmeter

Varian AAS spectrophotometer

General Electric X-ray diffractometer
Jarrell-Ash Model 11557 em.ssion spectrometer
Perkin-Elmer 306 spectrophotometer

6. The ILB shall be kept beside the appropriate instrument.

Each ILB will be divided into two sectionms:

~3
.

* Calibration
Maintenance



Field Samples

RMA Sample No. - MRI Sample No. 7278-A _
Matrix

Composite Date (Soils Only)

Amouat -Received wWt/Vol Used for Analysis

Analyses (Specify GC/MS, GC/OP, Etc.)

Date of Sample Preparation
Date(s) of Analyte Detection
Extraction Solvent (Specify)

Solveat Volunme

-
-~

Solvent Aliquot Taken for Cleanup or Final Conceatration

Cleanup Fraction or Final Concentrate Volume

Aliquot of Final Concentrate Taken for:

Dilution ml Diluted to ml
Concentration ml Concentrated to ml
Additional Dilutiom/Concentration?
Describe ml to
QA Samples Associated with these Analyses: 7278 QB #
72718Qs = " §
Calculation Location Concentration in
Compounds Detected (Book #. o. #) Original Matrix
1 .
2
3
4
S
6
7
8
9
10

Figure 1
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Spikes

QA Sample No. 7278-QS #
Specity Analysis Cons. Nos. for Specified Analyses

Analvtes Spiked Amount Matrix Spiked
1 ) Matrix Volume
2
3
4
S
6
7 -
8 =
9
10

Date of Sample Preparation
Date of Analyte Detection
Extraction Solvent (Specify) _. Solvent Volume

Solvent Aliquet Taken for Cleanup or Final Conceatration
Cleanup Fraction or Final Concentrate Volume
Aliquot of Final Concentrate Taken for:

Dilution ml Diluted to ml
Concentration ml Concentrated to ml
Additionsl Dilution/Conceatration? _
Describe .énl to -~ ml
Calculation Location Concentration
Compounds Detected (Book #. page #) Analvte (pg)/Matrix (g or ml)
1 =
2
3
4
S
6
7
8
9
10

Figure 2
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QA Sample NYo. 7278-QB #

Specify Analysis Cons. Nos. for Specified Analyses

Data of Sample Preparation

Date of Analyte Detection

Extractioa Solvent (Specify)

Solvent YVolume

Solvent Aliquot Taken for Cleanup or Final Concentration

Cleanup Fraction or Final Concentrate Volume z

Aliquot of Final Conceatrate Takea for:
Dilution ml Dilutad to ml
Concentration ml Concantratad to ml

Additional Dilution/Coacsatration?

Describe ml to ol
Calculation Location Conceantration

Compounds Detactad (Book i, sag= #) Analvte (pg)/Matrix (g or ml)

1

2

3

4

5

6

7

3

9

10



8. The "Calibration" section will contain a tabular listing of
the following entriss made in chromological order:

Da‘e

Time

Apalyst

Sample Lab ID
" Apalyte

Calibration curve data (atomic absorptiom)

Instrument profiling data (ICP emission spectrometry)

s ¢ o ® o o o

9. The "Maintenance" section will comtain a chromological narra-
tive entry of any operation difficulties, repairs, or routine maintenance:

Date

Time =
Analyte

Description of Event
Corractive Action

D. Data Analysis, Validation and Revorting

1. General polizcy

a. A record shall be kept of all samples entaring the labcr-
atory according to project, sample type, and arrival date.

b. The task leader will be responsible for assuring adherence
to this procedurs.

2. Gegneral data eatry

a. All entries of original data or information shall be made
with waterproof ink directly into the appropriate permanent record medium.

b. Entries shall be both compleca and timely.

¢. Calculations and entries of all measured aumbers shall
be according to the usual significant figure convention.

d. All original data entry shall be placed in an MRI
Techn;:al Record Book.

3. Sample preparation

a. A "Sample Preparation Sheet” (Figure 4) will be prepared
by the task leader. '

b. All samples to be prepared will be batched to include
all necessary QC samples.

c. The project data recording sheets shall be updated by
the analyst performing the sample preparation.

9
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Digestion Cods:

Sazplia Voluxma (21) or Mass/g):

Dace Complazed:

Terzifizarion lavels (Tozal 3):

Jizesz Tizal Volume (al):
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Sample Csde Comoenzs
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30.
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38.
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4s.
44.
a7,
48.
as.

50.



4. Sample analvsis

a. ICP smission spectrometrv

(1) Aa "ICP Data Report Sheet" (Figurs 5) shall be com-
rleted for each set of sample analyses. This sheet described the important
instrument operating coanditions and where the generated raw is stored on
disk ia the computer.

. (2) With each sample determination, a terminal printout
of the final concentration values also generatad will be storad with othar
raw data records.

(3) Before quantitative analysis of samples is attempted,
a chack will be made of potancial spectral interfarencas so that they can
be compensated by the computer data calculation programs. The emission spec-
trum is scanned ome angstom on either side of analyte emission peaks for a
representative sample. The results of the spectrum scazn study will be sum-
marized (Figure 6) and placed in the appropriate MRI Technical Record Book.

b. Atomic absorption spectrophotometry: A two-page "AA Data
Reporting Sheet” (Figvre 7) will be completed for each sample analysis ses-
sion. This sheet contains the following:

Instrumeqt operating parameters
Calibration information
Detection limit calculations
Sample absorbance values

Raw data calculations

e o e o

¢. Fluoride potentiometrvy: All calibration curve data, mea-
sured electrode potentials, and calculated data will be recorded dxrectly
into the appropriate MRI Technical Record Book.

d. Project data recoxding: The three project data recording
sheets (Figures 1-3) will be completed by the analyst at the time of sample
analysis.

The completed sheets will be given to the project leader and
a copy will be retained in the appropriate MRI Technical Record Book.

e. Intermal qualitv control checks: Unless specifically
detailed, the following freaqueacy of quality control samples will be carried
for As, Hg, and F:

(1) Reagent blank: A minimum of one per 10 samples.
For liquid samples, the same voiume of Jeionized water will be used as used

for samples. For solid samples, mersly add the preparation chemicals to an
empty coatainer.

(2) Duplicate sampla: A minimum of one per 10 samples.

11




ICP? DATA REPORTING SHEEZIT

Project No.: Analyst:
Sarple Macrix: Date:
Elements: Digestion Code:

Instrument Parameters

Forward Power (kw): Coolant Gas Flow (1/min):
Reflected Power (w): Plasma Gas Flow (2/min):
Observation Height (mm):___ Sample Gas Flow (i/min):
Nebulizer Type: Solution Upcake (ml/zin):
(FCF = Fixed crosstlow) _ Peristaleic Pump Used?:
(43 = Higha solids) )

Sample Analvsis

ACT Name:

Test Parsiormed: Spectrum Scan
Integration Time (sec):

Data Files:

Disk ame:

Quantitacion and Log
Command String:

Data File Name:

Disk llame:

_Quantitation and Store
Command String:

Daca Fila Vame:

Disk Name:

Figure §



Project No:

SPECTRIM ScaX

Integraction Time (sec):

Date:

Analyst:

LCY Element Wavelength (A) Comments
1 v - 1001
2 Ag 3230
3 Al 3082
4 Al 2373
5 As 1937
6 B 2496
7 Ba 4934
8 Be 2348
9 Ca 3968

10 cd 2288

11 Co 2286

12 Cr 2677

13 Cu 3247

14 Fe 2599

15 Fe 2714

16 Hg 1942

17 K 7664

18 Mg 2795

19 Vin 2576

2 Mo 2020

21 Na 5890

22 Ni 2316

23 P 2149

24 Py 2203

25 Sb 2068

26 Se 1960

27 Sa 1899

28 T4 3349

29 Tl 1908

30 Y 3710

il 2a 2138

Figurs 6
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. (3) Soiked samole: A minimum of one per 10 samples.
The sample should be spiked at a sufficiently high level to cause (1) a SO
to 130% increase in the sample amalyte concentration or (2) a measurable
analyte concentration three times ths L0OQ. Unknown samples should be spiked
instead of reagent blanks.

(4) Blind QC sample: One per analysis sample set.
These samples are prepared by the project QC coordinator.

f. Corrective action: Two types of corrective action formats
will be used accorzdiag to MRI standard operating procedurs QA-10. These
formats are immediate (on-the-spot) aad long-term (closed loop) corrective
action.

Lo

e

* Immediate (on-the-spot) corrective action responds
quickly to indications of malfurctioming equipmeat or
suspicions data. The QCC and principal igvestigator
will be notified of the problem immediately. They
will then take appropriate actionm and document aay
changes. The QCC is responsible for aand is authorized
to halt sampling or analysis if he detarmines that a
serious problem exists.

* Long-term, closed-loop, corrective action is used to
prevent the reoccurrence of unanticipatad problems.
Long~term corrective action staps consist of:

* Definition of the problem

+ Investigation to determire the cause

* Dectermination of the appropriate corrective action

*+ Implementation of corrective action

* Verification of the effectiveness of the corrective
action by followup

2. Quality assurance reports to managemeant: The QAM will, in co-
operation with the program manager, identify critical phases of the project
which will be subject to inspection. The inspection will include a review of:

Data entry

Data errors, deletions, and corresctions
Records and other informationm

Configuration coantrol

Equipment maintenance and calibration records
Document control

The results of inspections will be reported to management accordiag
to MRI standard operating procadure QA~9.
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Foreword

This method has bean prapared Ly the staff of the Znvironmental
Monitoring and Support Laboratory - Cincinnati, with the cocperation of the
ZP8-1C? Usars Group. Their cooparation and support is gratafully acknowi-
eqged. .

This method rapresents the current stata.of-the-art, but as time pro-
gressas, improvements are anticipatad. Users ars encouraged to identify
probiems and assist in updating the method by contacting the Environmental
Monitaring and Support Labgratory, Cincinnati, Qhio, 452583.
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Figure 1

6

e INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRIC METHOD
FOR TRACE ELEMENT ANALYSIS OF WATER AND WASTES

1. Scope and Applicaticn

1.1 Th's method may be used for tha detarmination of dissolved, sus-
pended, or total elements in drinking water, surfacs water,
domestic and fndustria? wastawatars,

1.2 Dissolved alaments are determined in filtered and acidified
samples. Appropriate stess must be taken in all analyses to ensure
that potential interfarence are taken into account. This is
esoactally true when dissolved solids axcaad 1500 mg/1. (See 4.)

1.3 Total alements are datarmined aftar appropriate digestion pro-
cedures are performed. Since digestion tachniques increase the

' dissolved salids contant of the samples, appropriata steps must be
‘%@ taken to correct for potantial intarferesnce effects. (See 4.)

1.4 Table 1 lists alements for which this method applies aleng with
recommended wavelengths and typical estimated instrumental detec-
tion limits using conventional dﬁéumatic nebulization. Actual
working datection limits are sample dependent and as the sample
ratrix varies, these concantrations may alse vary. In time, other
elements may be added as more information becomes available and as
required.

1.5 Because of the differences between various makes and models of
satisfactory instruments, no detailed instrumental operating
instructions can be provided. Instaad, the inalyst is referred to

the instructions provided by the manufac:urér of the particular

‘ instrument.




Figure 2

Table 1 - Reccmmended Waveiengths(1) and
Estimatad Instrumental Qetaction Limits

gstimatadq dataction

Elament Wavaelangth, nm limit, ug/1(27.

Aluminum 308.215 45

Arsanic 193.696 83

Antimony 206.833 32

Barium 453.403 2

Beryllium 313.042 0.3

Boron 249.773 5

Cacmium 226.502 4

Calcium 317.933 10

Chrcmium 267.716 7

Cobalt 228.615 7

Copper 324.7%4 8

Iron 253,940 7

Lead 220.353 42

Magnasium 279.079 30

Manganese 257.610 -2

Molybdenum 202.030 ]

Nickael -231.604 15

Potassium 766.491 ses(3)

Selenium 196.026 75

Sitica (Si02) 288.138 38

Silver 328.068 7

Sodium 588.995 29

Thallium 190.354 )

Vanadium 292.402 8

Zine 213.858 2

(1 The wavelengths listad ars reccmmendad decausa of their sensitivity
and overall accaptancs. Qther wavelengths may be substitutad if
they can provide the needed sensitivity and are treatad with the
same corractive tachniques for specstral intarfarencs. (Sea 4.1.1).

(2) The estimated instrumental detaction limits as shown are taken from
"Inductively Coupled Plasma-Atomic Emission Spectroscopy-Prominent
Lines," EPA-§500/4-79-017. They are given as a guide for an instru-
mental limit., The actual method detaction limits are sample
dependent and may vary as the sample matrix varies.

(3 Highly dapandent on operating csnditions and plasma cositicn.
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2. Summary of Method

2.1 The mathod describes a-tecnnigusntfay the‘sdml:ahéousfat.sgém

wiTtaTenant datsrmoaatiod of trace alements in soluticn. The
basis of the method {s the measurement of atomic emission by an
optical spectroscopic technique. Samples are nebulized and the
aarasol that is producad is transported to the plasma torch where
excitation cccurs. Charactaristic atemic-line emission spectra are
produced oy a radio-frequency inductively coupled plasma (ICP).
The spectra are dispersad by a grating spectrometsr and the intan-
sitias of the lines are monitored by photomultiplier tubes. The
photacurrents from the photomultiplier tubes are procassad and
controlled by a computar systam. A background correction tachnique
- is required %2 compensata for variable background contribution to

the determinaticn of trace alements. Background must be measured

adjacent to analyte lines on samples during analysis. The position
salacted for the backsrsung intansity measurement, on afther cr
hoth sides of the analytical line, will bea datarmined by the com-
plexity of the spectrum adjacant to the analyta line. The zosizien
usad must be frae of speciral interference and reflect the same
changa in background intansity 2s ocsurs at the znalyta wavelength
measured. Background correction is not required in cases of line
broadening where a background correction measurement would actuai1y
degrade the analytical result. The possidility of additional
intarfaraencas named in 4.1 (and tests for their presenca as
described in 4.2) should 2lso be recognizad and asprapriata

corractions made.




3. QDerinitions

3.1 0Dissolved -~ Thosa alaments which will pass through a 0.45 um
membrane filtar,
3.2 Suspendad -- Those elaments which are retained dy a 0.45 um

membrane fiitar,

)
.
[ &%)

Tota]l -- The concentratisn determined on an unfiltarad sampia
failawing vigorous digestion (Section 8.3), or the sum of the
dissolved plus suspendad concentrations. (Section 8.1 plus 8.2).

3.4 Total recoveraple -- The concantration datarmined an an unfiltered

sample following treaatment with hot, diluta mineral acid (Section
8.4).

3.5 Instrumental detaction limit -~ The concantration equivalent to a

signal, due to the analyte, which is equal to threa times the

standard daviation of a series of tan replicata measuyrements of a

reagent blank signal at tha same waveiength.

LD
.
N

Sensitivity -- The slope of the analytical curve, i.e. functional
relationship batwesn emission intansity and concantration.

3.7 Instrument chack standard -- A multielement standard of known

concantrations prepared by the analyst to monitor~ and verify
instrument performance on a dafly basis. (See 6.6.1)

3.8 [Intarferenca check samole - A solution containing both intarfaring

and analyte alements of known concentratiqn that can be usad to
verify background and interslement corrsction factors. (See 6.6.2.)

3.9 Quality contrnl samole -- A soluticn obtainaed from an gutside

sour<2 having <nown, csncantraticn valuss o e used td verify the

calibration standards. (See 3.5.3)




Y7y

3.10 Calitratian standards -- a sarias of <nown standard solutions usad

by the analyst for calibration of the instrument (i.e., preparation

of the analytical curve). (See 5.4)

(V%]
.

—
—_—

Linear dynamic range -- The concentration range over which the

analytical curve remains linear.

3.12 Readent 5lank -- A vaolume of deionized, distilled water containing

the sane acid matrix as the calibration standards carried thrcugh
the entirs analytical schema. (See 5.5.2)
3.12 Calibration blank -- A volume of deicnizad, distilled watar acidi-

fiad with HNO5 and HCT. (See 5.5.1)

3.14 Methad of standard addition -- Tne standard addition technique

involves the usa of the unknown and the unknown plus a known amount
of standard. (See 3.5.1.)
4, Interferences
4.1 Several types of intarferenca afiacts may contribute tg {nac-
curacies in tha detarmination of tracs elements. They can be
summarized as fclilaws:

4.1.1 Spectral intarfarencas cin ce catagorized as 1) overlap of a

spactral lina frcm another element; 2) unresolved cverlap of
molacular band specira; 3) bacé;rsund contribution from
continucus or reczmbinaticn pnencmena; and 4) background
contribution from stray light from the line emission af high
concentration elements. The ¥irst of these effacts can be
compensatad by utilizing a computar correction of the raw
data, requiring the monitoring and measurement of the

interfering element., The second arfect may require salec-

e e smen e AR ISR A e T 4 L, TR
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tion of an altarnata wavelength. The third and fourth

B effects can usually be compensatad by a background correc-
tion adjacant ts the analyte 1ine. In addition, users of
simultanecus multi-element instrumentation must assume the
responsiﬁi1ity of verifying the absence of spectral inter-
ferenca from an element that could occur in a sample but for
which there is no channel in the instrument array. Listed
in Table 2 are some intarfarenca effects for the reccmmended
wavelangths given in Tabie 1. The datﬁ in Table 2 are
intanded for use only as a rudimentary guide for the indica-
tion of potantial spectral intarferencas. For this purposa,
1inear relations betwean concantration and intensity for the
analytes and the incarferents can be assumed.

@ The intarfarenca information, which was collectad at the

Ama Labcratory1

, 1s axprassad as analyta concantraticn
eqivalents (1.a. falsa analyta concantrations) arising from -
10C mg/1 of the {ntarfarent alement, The suggastad use of
this 1nformaticn is as follows: Assume that arsanic (at

—— 193.696 nm) is to be detarmined in a sampie containing

approximataly 10 mg/1 of aluminum. According to Table 2,

! Amass Laboratory, USDOZ, Iowa Stata University, Ames {ewa 350011
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4.1.2

100 mg/1 of aluminum would yield 3 False signal for arsenic
equivalent to approximately 1.3 mg/1. Therefore, 10 mg/1 of
aluminum would result in a falsa signal for arsenic equiva-
lent to appreximataly 0.13 mg/1. The reader is cautioned
that other analytical systams may exhibit somewhat different
lavels of intarferenca2 than thosa shcwn in Table 2, and that
the intarferencs affacts must be avaluatad for aach indi-
vidual systam. |

Only those intarfarents listed were investigatzad and the
blank spaces in Table 2 indicate that measurable interfer-
ances were not otservad for the intarferent concentrations
listed in Table 3. Geanerally, intarfarencas wers discarn-
ible {f they producad peaks or background shifts corres-
ponding to 2-5% of the peaks generatad by the analyte
concentrations also listed in Table 3. _

At prasent, informatien on the listad silver and potassium
wavelengths are not avajlable bqt ft has been reportaed that
second order energy frem the magnesium 383.231 nm wavelangth
intarferes with tha listed potassium line at 766.491 nm.

Physical intaerfarencas are generally considered to be

effacts associatad with the sample nepbulization and
transport processes. Such properties as change in viscosity
and sur¥ace tansion can cause significant inaccuracies
aspecially in samples which may contairn high dissolved
solids and/cr acid concantraticns. Tha use 3f a2 peristaliic

pump may lessan thesa {ntarferencss. [f these types of
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4.1.3

jntarfarencas are operative, they must be reduced by diiu-
tion of the sample and/or utilization of standard addition
tachniques. Another probliem which can occur frem high
dissolved solids is sdalt buildup at the tip of the nebuli-
zer. This affacts aersol flow rata causing instrumental
drift. Wetting the argon prior to nebulization, the use of
a tip washer, or sample dilution have been used to control
this problem. Alse, it has been reported that hetter
control of the argon flow rate improves instrument perform-
anc2, This is ac::ﬁplished with the use ¢f mass flow
controllers.

Chemical [ntarfarencas 2rs charactarizad by molecular

compound formation, jonizaticn effects anc¢ solute vaporiza-
tion effacts. Normally thease effacts are not pranocuncad

with the [C? technigue, however, if cbsarved they can be

minimizad by careful selaction of coperating conditions {that

is, incident power, chbservation zesition, and so forth), by

huffering of the sample, bv matrix matching, and by standard

addition proczcurss. Thesa types of intarfarencas can Se
highly dependent on matrix type and the spacific analyta

alement.

It s reccmmendad that whenever a new or unusual samp'e matrix is

encountered, a series of tasts be performed prior to repurting

concentration data for analyte elements. These tasts, as outlined

in 4,2.1 through 4.2.4, will ensure the analyst that neither

positive nor negative interference effacts are gperative on any of
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Table 3. Intarfarent and Analyte STemental Cconcantrations Used
for Intarferencs Measurements in Table 2.

Analvtas  (mg/1) Interferents (mqg/7)
Al 10 Al 1000
As 10 Ca 1000
B 10 Cr 200
8a 1 Cu 200
8e 1 Fe 1000
Ca 1 Mg 1000
Cd 10 Mn 200
Co 1 Ni 200
Cr 1 Ti 200

u ] 'l 200
Fe 1
Mg 1
Mn 1
Mo 10
Na 10
Ni 10
Pb 10
Sb 10
Se 10
Si 1
T 10
v 1

In 1Q
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the analyts alements therzby distorting the accuracy of the
reportsd values.

e 4,2.1 Serial dilutian--I7 the analyts concantration is sufficiently

high (minimally a facter of 10 above the instrumental
dataction limit aftar dilution), an analysis of a dilutioen
should agree within 5 percent of the original determination
(or within some acceptable control limit (13.3) that has
bean estahlished for that matrix.). If not, a chemical or
physical intervTerence effact should be suspected.

4.2.2 Spike addition--The recovery of a spike addition added at a

minimum Tevel of 10X the instrumental detaction limit
(maximum 100X) to tha criginal detarmination should be
recovered to within 90 to 110 percant or within the estab-

Tished control limit for that matrix. If not, a matrix

effact should be suspected. The use of a standard addition

analysis procadure can usually compensate for this effact.
Caution: The standard additicn tachnique does neot detact
coincident spactral overlap. If susgectad, use of
computarizad compensation, an aiternate wavelenath, or
compérison with an altarnata method is recommended (See
4.2.3).

4.2.3 Comparison with alternate method of analysis--When investi-

gating a new samplae matrix, comparison tasts may oe
performed with other ana| tical tachniques such as ateomic

absorption specircmetry, or other approved methodology.

11



4.2.4 Wavelength scanning of analyte line region--If the appro-

priata aquipment is avai1ab1é, wavelangth scanning can he
perfarmed to datact pctentigl spectral intarferences.
3. Apﬁaratus
5.1 Inductively Ccupled Plasma-Atomic Emission Spectrometer.
5.1.1 Cecmputar controlled atomic emission spectrometar with back-
ground corracticon.
5.1.2 Radiofrequency generator,’
5.1.3 Argen gas supply, welding grade or better.
5.2 Cperating conditions -~ Becauss of the diffarencaes between various

makas and models of satisfactory instruments, no detailed oparating

instructions can be provided. Instead, the analyst should follow
the instructions provided by the manufacturer of the narticular

instrument. Sensitivity, instrumental detaction limit, precision,

1inear dynamic riange, and intarference effacis must be investigatad
and established for each individual analyta line on that particular
1ns£rument. It is the responsibility of the analyst to veriff that
the instrument configuration and operating conditions used satisfy
the analytical requirements and to maintain quality control data
confirming instrument performance and analytical results.
8. Reagents and standards

§.1 Acids usad in the praparation of standards and for sample procas-
sing must be ultra-high purity grade or equivalent. Redistilled
acids ara acceptable.
6.1.1 Acatic acid, conc. (sp gr 1.06).

6§.1.2 Hydrochloric acid, canc. (sp gr 1.19).




6.1.3 Hycrechloric acid, (1+1): Add 300 a1 conc. HCI (sp gr 1.19)

to 400 m! defonized, distilled watar and diluta to 1 litar.

6.1.4 Nitric acid, conc. (sp gr 1.41).
6.1.5 Nitric acid, (l1+l): Add 300 ml conc. HNC3 (sp. gr 1.41)
to 400 ml deionized, distilled watar and dilute to 1 litar.

8.2 Deionized, distilled watar: Prenare by passing distilled watar

through a mixed bed of caticn and anion exchange rssins. Use
defonizad, distilled watar {for the praparaticn of all reagents,
caligration standards and as dilution water. Tre purity of this
watar must be aquivalent to ASTM Type [l reagent water of Specifi-
caticn 3 1183 {13.8).

§.3 Standard stock solutions may te purchasad or prepared from ultra

high purity grade chemicals or metals. All salts must be dried for

1 h at 105%C unless otherwise spaciftiad.

(CAUTION: Many metal salts are extremely toxic and may be fatal if
swallawed. Wash hands thoroughly after handling.)
Typical stock solution preparation procadures follow:

6.3.1 Aluminum solution, stock, 1 ml = 100 ug Al: QOissalve

0.100 g of aluminum metal in an acid mixture oF 4 ml of
"1+1) HC1 and ] =1 of conc. HNO3 in a beaker., Warm gently
to affact solution. When solution is cemplete, transvar
quantitatively to a liter flask add an additional 10 ml of
(1+1) HC1 and dilute to 1,000 ml with defonized, distilled
water.

6.3.2 Antimony solution stock, 1 m1 = 100 ug Sh: Oissolve

0.26689 g K(SbO)C4H4O5 in deionized distilled water,




6.3.3

5.3.4

§.3.5

§.3.6

§.3.7

§.3.3

ii

add 10 m1 (1+1) HC1 and dilut2 to 1000 ml with deionizad,

distilled water.

Arsenic solution, 'stock, 1 ml = 100 ug As: Dissalve

0.1320 g of A3203 in 100 m} of dafonizad, distilled

water containing 0.4 g NaOH. Acidify the solution with 2 ml
cone. HN03 and dilutes te 1,000 m1 with deionized, dis-
tilled water. |

garium sajution, stock, I'ml = 100 ug Ba: Dissolve 0.1516 g

BaCIz (dried at 250°C for 2 hrs) in 10 m1 deionizad,
distilled water with 1 ml1 (1+1) HC1. Add 10.0 m1 (1+1) HCI
and dilute to 1,000 m1 with deionizad, distilled watar.

Berv!lium solution, stack, 1 ml.= 100 ug 8e: Qo not drv.
Oissolve 1.966 g BesQ, - 4H20, fn deionized, distilled
water, add 10.0 ml conc. HN03_and dilute to 1,000 ml with
defonized, distilled water.

8oron solutinn, stock, 1 ml = 100 ug 8: Do not rv.

Oissolve Q.5776 g anhydrous H3ao3 in deionized, dis-

tilled watar and diluta &3 1,000 ml. Usa 2 reagent meating
ACS spacifications, keep the bottle tightly stoppared and
store in a desiccater to grevent the entrincz of atmospheric
moisture. |

Cadmium saiutfoh, stock, 1 ml = 100 ug Cd: Dissolve

0.1142 g Cd0 in a minimum amount of (l+l) HNO3. Heat to

increasa rate of dissoluticn. Add 10.0 ml cone. HN03 and.

diluta to 1,000 ml with deionized, distilled water.

Calcium sslution, stack, 1 mi =100 g Ca: Suspena 0.24GE g
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CaCO3 dried at 180°C for 1 h before weighing in deion-

ized, distilled watar and dissolve cautiously with 2 minimum

amount of (1l+l) HNO3. Add 10.0 ml1 conc. HNO3 and dilute
to 1,000 ml with deionized, distilled water,

6.3.9 Chromium solution, stock, 1 ml = 100 ug Cr: OQOissalve

0.1923 g of CrO3 in defonized, afsti11ed watar, When
solution is comoleta, acidify with 10 ml conc. HNO3 and
diluta to 1,000 ml with deionized, distilled water.

 6.3.70 Cohalt salution, stack, | ml = 100 ug Co: Oissolve 0.1000 g

of cobalt metal in a minimum amount of (1+1) HN03. Adc
10.0 m1 (1+1) HC1 and dilute to 1,000 ml with defonized,
distilled watar.

6§.3.11 Cooper solution, stack, 1 ml = TOO‘ug Cu: DQissolva 0.1252 g

Cu0 in a minimum amount of (l+1) HN03. Add 10.0 ml conc.
HNO3 and dilute to 1,000 ml with daionized, distilled

watar.,

6.3.12 Iron solution, stock, 1 ml = 100 ug Fe: ODissolve 0.1430 g

Fe203 in 10 m1 deionized, d1st1j1ed watar with 1 ml
(1+1) HCI1. Add 10.0 ml conc. HNO4 and diiutea to 1,000 ml
with deionized, distilled water.

§.3.13 Laad solution, stock, 1 ml = 100 ug Pb: Oissolve 0.1539 g

Pb(N03)2 in a minimum amount of (1l+1) HNO3. Add 10.0
ml conc. HNO3 and dilute to 1,070 m! with deionizad, dis-
tilled water.

6.3.14 Magnesium solution, stock, 1 ml = 100 ug Mg: Oissolve

0.1638 g Mg0 in a minimum amount of (l+1) ANO;. Add 10.0



§.3.185

§.3.18

§.3.17

3.3.18

6.3.79

6.3.20

§.3.21

e =, .-»“?M{ﬁé‘wh—-" - P R 4R

mi conc. HNO3 and dilute ta 1,000 ml with deionized,
istilled water.

Manganesa solution, steck, 1 ml = 100 ug Mn: Dissalve

0.1000 g of manganese metal in the acid mixture 10 ml conc.
HC1 and 1 ml1 conc. HN03, and diluta to 1,000 ml with
deionized, distilled watar.

Molybdanum solution, stock, 1 ml = 100 ug Mo: Dissolve

0.2043 ¢ (NH4)2M004 in deionized, distilled watar and
dilute to 1,000 ml.
Nickel solution, stock, 1 ml = 100 ug Ni: Oissolve 0.1000 g

of nickel metal in 10 ml hot conc. HNO3, cool and dilute
to 1,0C0 ml with deionized, distilled watsr.

Potassium solution, stock, 1 ml = 100 ug X: Dissolve 0.1907

g KC1, dried at 110%, in defonized, distilled water
dilutas to 1,000 ml,

Salenium solution. stack, 1 ml = 100 ug Se: Qo not drv.
Oissolve 0.1727 g H25e03 (actual assay 94.5%) in deion-
{zad, distilled watar and dilute to 1,000 mil.

Silica solution, stock, 1 ml = 100 ug SiOz: 0o not dry.

Dissolve 0.4730 g3 Na25f03 .QHZO in defonized, dis-
tilled watar. Add 10.0 ml conc. HNO3 and diluta to 1,000
ml with deionized, distillad wa .

Silver solution, stock, 1 ml = ,J0 ug Ag: DOissolva 0.1575 g

AgN03 in 100 m1 of deionized, distilled water and 10 ml

conc. HNO,, 0O1lute to 1,000 ml with detonized, distilled

watar,
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6.4

6.3.22 Sodium solution, stock, 1 ml = 100 ug Na: ODissolve 0.2542 g

NaCl in defonizad, distilled watar. Add 13.0 ml conc.
HNO3 and dilute to 1,000 ml with defonizad, distilled
watar,

5.3.23 Thallium solution, stock, 1 ml = 100 ug T1: Oissolve

0.1303 g T1N03 in defonizad, dist111eq watar, Add 10.0 ml
conc. HNO3 and dilute to 1,000 ml with deionizad, dis-
tilled watar.

6.3.24 Vanadium solution, stack, 1 ml = 100 ug V: DOissalve 0.2297

NH4V03 in 2 minimum ameunt of conc. HN03. reat to
fncrease rates of dissolution. Add 10.0 mi conc. HNG, and
dilute to 1,000 m! with deionized, distilled water.

6.3.25 Zinc solution, stock, 1 ml = 100 ug Zn: Oissolve 0.1245 g

Zn0 in a minimum amount of dilute HN03. Add 10.0 ml conc.
HN03 and diluta to 1,000 m1 with deionized, distilled
water.

Mixed calibration standard squthns--ﬁrepare mixed calibration

standard solutions by combining appropriate volumes of the stock
solutions fn volumatric flasks. (See 5.4.1 thru §.4.5) Add 2 ml
of (1+1) HNO; and 10 m1 of (1+1) HCY and d41luta t3 100 ml with
deionized, distilled watsr. (See Notes 1 and 6.) Prior to pre-
paring the mixed standards, each stock solution should be analyzad
sanarataly to detarmine possibla spectral {ntarference or the
presence of impurities. Care should be taken when preparing the
mixed standards that the elements are compatible and stable.

Transfar the mixed standard solutions t3 a FE? fluorocarbon or

o ey s,



unused palyethylene hot2ls for staraga. Fresh mixed standards
Jethy g

should be prepared as needed with the realization that concantra-

tion can change on aging. Calibration standards mus:t be initially

verified using a quality contral sample and monitared weekly for

stability (Sea §.6.3). Although not specificai1y required, some

typical calibration standard ccmbinations follow when using thase

specific wavelengths listad in Table 1.

6.4.1

§.4.2

§.4.3

§.4.4

Mixed standard solution l--Manganesa, deryllium, cadméum,

lead, and zinec.

Mixed stancard solution II--Barium, copper, iron, vanadium,
and cshait.

Mixed standard solution [Il--Molybdenum, silica, arsanic,

and salsnium.

Mixed standard solution IV--Calcium, sodium, postassium,

aluminum, chromium and nickel.

Mixad standard solution V--Antimony, boron, magnesium,

silver, and thallium.
NOTZ 1: If the addition of ;.1ver to the reccmmended
acid combination resuits in an initial precipitation, add
15 @l of defonizad distiliad watar and‘warm the flask
until the solution clears. Cool and diluta to 100 ml
with defonized, distilled water. For this acid combina-
tion che silver concantration should be Timitad to 2
mg/i. Silver under these conditions is stable in a tap
water matrix for 30 days. Higher concantrations of

silver require additional HCI.




8.3

6.6

Two types of blanks are required for the analysis. The calibration
blank (3.13) is used in astablishing the analytical curve whiie the
reagent dlank (3.12) is used to correct for poscible contamination

resulting from varying amounts of the acids used in the sammle

pfccessing.

"6.5.1 The calibration blank is prepared by diluting 2 m1 of (1+1)

HNO3 and 10 @l of (1+1) HC1 to 100 ml with deifonized,
distilled water. (See Nota §.) Prepars a sufficient
quantity to be used to flush the system between standards
and samplas,

6.5.2 The reagent SHlank must contain all the reagents and in the

sams volumes as usad in the processing of tﬁe samples. The
reagent blank must be carried through the cemplate procadurs
and contain the same acid concentration in the final solu-
tion ac the sample solution used for analysis.
In addition to the calibration standards, an instrument check
standard (3.7), an intarfarance check sample (3.3) and a quality
control sample (3.9) are also required for the analyses.

6§.6.1 Tra instrument check standard is prepared hy the analyst by

combining compatible elements at a concentration equivalent
to the midpoint of their respective calibratton curves.
(See 11.1.1.)

§.6.2 The intarfarenca check samols is prapared by the analyst in

the follawing manner., Select 2 reprasaentative sample which
cantains minimal canczntraticns 37 the analytas of intarest

but known concentraticn of {ntarfaring elaments that wil]
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provida an adequate test of the correction factors. Spike
the sample with the elements of interest at the approximate
concentration of either 100 ug/71 or § times the estimatad
detaction limits given in Tabla 1. (For affluent samples of
expectad high concéntraticns, spike at an appropriate lavel.)
If the type of samples analyzed are varied, a synthetically
preparsd sample may be usad {f the above critsria and intant
are met. A limitad supply of a synthatic interfaranca chezk
sample will ba available from the Quality Assurance 8ranch
of TMSL-Cincinnazi. (Sz2e 11.1.2).

6§.8.3 The gquality control samole should be pranared in the same

acid matrix as the calibration standards at a concantration
near 1 mg/1 and in accordance with the instructions provided
by the supplier. 7The Quality Assurancz 3ranch of EMSL-
Cincinnati will either supply a quality contrcl sample or
{nformation where one of equal quality can be procured.
(Se2 11.1.3.)
7. Sample handling and praservation
7.1 For the :atarminat%on af trac2 alements, contaminaticn anéﬂ?oss ire
of prime concarn. OQust in the laboratory enviraonment, imourities
in reagents and impurities on laboratory apparatus which the sample
contacts are all sourcas of potantial contamination. Sample
containers can introduca 2ither pesitive or negative errors in the

measuremen: of trace alements by (a) contributing contaminants

through lsaching or surdaca desorption and (b) by depleting concen-




7.2

trations threugh adsarption. Thus the collection and tréatment of
the sample prior to analysis requires particular attention.
Laboratory glassware inciuding the sample bottle (whether poly-
athylane, polyprcplyene or FEP-fluorocarbon) should ba thoroughly
washed with detergent and tap water; rinsad with (1+1) nitric acid,
tap watar, (1+1) hydrochloric acid, tap and finally deifonized,
distilled water in that order (See Notes 2 and 3).

NOTE 2: Chromic acid may be useful to remove organic deposits from
glassware; however, the analyst should be cautioned that the glass-
ware must be thoroughly rinsad with watar to remove the last tracas
of chremium. This is aspecially important if chromium is to be
included in the analytical scheme. A commercial product, -NOCHROMIX,
available from Godax Labaoratoriss, § Varick St., New York, NY
10613, may be usad in pnlaces of chremic acid. Chromic acid should
not be usad with plastic bottles. i

NOTE 3: [f it can be documentad through an active analytical
quality control procram using spiked samplas and reagent Slanks,
that cartain staps in the cleaning procadure are not required for
routine samplas, thosa staps may te aliminatad from the srocadure.
Before collection of the sample a decision must be made as to the
type of data desired, that is dissc'ved, suspended or total, so
that the appropriate preservation and pretreaiment steps may be
acccmplished. Filtration, acid preservaticn, atc., ares to S2
performsd at the time the sample {is collectad or as soon as

possible thersaftar,




7.2.1 For the detarmination of 2issclved alements the sample must
belfiltered through a 0.45-um memprane filtar as scon as
practical aftar collacticn. (Glass or plastic filtering
apparatué are reccmmended to avoid possible contamination.)
Usa the first 50-100 ml to rinse the filtar flask. Discard
this porticn and ¢ollact the raquired volume of filtrate.
Acidify the'fiTtrate with (1+1) HNO3 to a pH of 2 or Jess.

- Normally, 3 ml of (l+l) acid per liter should be sufficient
to preserve the sample.

7.2.2 For the determination of suspended elements a measured
volume of unpreserved <ample must Ye filtared through a
0.45-um membrane filter as soon as practical aftsr collec-
tion. The filtar plus suspended matarial should be trans-
ferred to a suitable container for storage and/or shipment.
No presarvative is racuired.

7.2.3 For the determination of total or total recoverable elaments,
the sample is acidified with (1+1) HNO4 %o pH 2 or less as
soon as possible, prefarably at the time of collection. The
sample 1s not f11ﬁared befora procassing.

8. Sanple Prsnaration
8.1 For the determinations of dissolved alements, the filtared, ore-
sarved sample may oftan be analyzed as recaived. i1he acid matrix
and concantraticn of tha sampiaes and calibration standards must be
the same. (See Note 6.) I[f a precipitatas formed upon acidifica-
‘tion of the sample or during transit or storage, it must oa re-

4issalved oersrae the analysis By adding idditiomal acid and/or by
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8.2

8.3

heat as described {n 3.3.

For the determination of suspended elements, transfer the membrane
filter containing the insoluble material to a 150-ml Griffin beaker
and add 4 ml conc. HN03. Cover the beaker with a watch glass and
heat gently. The warm acid will soon dissolve the membrane.
Increasa the tamperature of the hot nlata and digest the matarial.
When the acid has nearly evaporatad, cool the teaker and watch
glass and add another 3 ml of conc. HNO3. Cover and continue
heating until the digastion is complete, genarally indicatad by a
lignt coToréd digestate. Evaporate to near dryness (2 ml), cool,
add 10 m1 HC1 (1+1) and 15 ml1 defonized, distilled water per 100 mIl
dilution and warm the beaker gently for 15 min. to dissolve any
precipitatad or residue matarial. Allow to cool, wash down the
watch glass and beaker walls with deionized distilled water and
filter the sample to remove insoluble material Fhat Eoqu clog the
nebulizer. (See Notes 4.) Adjust the volumélgaﬁed on the expected
concentrations of elements present. This vofume will vary depend-
ing on the gelements to be determined (See Note 6). The sample is

now ready for analysis. Concentrations so detarmined shall be

=
<

rensortad as “suspended."

NOTz 4: In place of filtering, the sample afiar diluting and mix-
ing may be centrifuged or allowed to settle by gravity overnight to
remove insoluble material.

For the detarmination of total elements, choose a measured, volume
of the wall mixed acid preserved samnle appropriata for the

expected level of elements and transfer to a Griffin beaker. (See
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Nota 5.) Add 3 ml of conc. HNG3. Place the beaker on a not

plate and evaporate to near dryness cautiously, making certain that
the sample does not boil and that no area of the battom of the
beaker is allowed to go dry. Cool the beaker and add another 5 ml
portion of conc. HN03. Cover the beaker with a watch glass and
regurn to.the hot plata. Increase the temperature of the hot plate
so that a gentle reflux action occurs. Continue heating, adding
additional acid as necessary, until the digestion is complete
(generally indicated when the digestata is light in color or does
not change in appearance with continued refluxing.) Again, evapo-
rate to near dryness and cool the beaker. Add 10 ml of 1+l HC1 and
15 m1 of deicnized, distilled water per 100 ml of Final solution
and warm the beakar gently for 15 min. to dissolve any precipitates
or residue resulting from evaporation. Allow to cool, wash down
the beaker walls and watch glass with defonized distilled water and
filter the.samp1e to remove insoluble material tha; c9u1¢ clog the
nebulizer. (See Mote 4.) Adjust the sample ta é;p}edetarmined
volume basad on the expectad concentritions of elements present.
The sample is now ready for analysis (See Note 6). Concentrations

so determined shall be reportad as "total."

RN
-+

NOTZ S: If low determinaticns of boron are critical, quartz glass-
ware should be used.

NOTE 6: If the sample analysis solution has a differant acid con-
centration from that given in 8.4, but ‘does not introduce a
pnysical {intarfarsanca or zfTact the analvtical resuly, the same

calibration standards may be used.
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8.4

For the determination of total recoverable elements, choose a
measured volume of a well mixed, acid preserved sample appropriate
for the expected level of elements and transfer to a Griffin
beaker. (See Mote 5.) Add 2 ml of (1+1) HNO3 and 10 ml of (1+1)
HC1 to the sample and heat on a staam bath or hot plate until the
volume has been reduced to near 25 m] making certain the sample
does not Fil. Aftar this treatment, cool the sample and filter %o
remove insolubla matarial that could clog the nebulizar. (See

Note 4.) Adjust the volume to 100 ml and mix. The sample is now
ready for analysis. Concaatraticns so detarmined shail be reportad

as "total."

Procedure

8.1

9.2
9.3

Set up instrument with proper operating parametars sestablished in
Section 5.2. Tne instrument must bDe allowed to become thermally
stable before beginning. This usually requires at least 30 min. of
operation prior to calibration. -

Initiate appropriate operating ccnfigu%ation of computer.

Profile and calibrate instrument according to insirument manufac-
turer's recommendsg p}ccedures, using the typical mixed calidorition
standard solutions Juscribed in Secticﬁa5.4. Flush the systam with
the calibration blank (6.5.7) between s2ach standard. (See Note

7.) (The use of the average intensity of multiple exposures for
both standardization and sample analysis has been found to reduce
random error.)

NOTZ 7: For boron cancentrations greater than 500 ug/l extended

flush times of 1 to 2 minutes may be required.
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9.4

9.6

3arore deginning the sampla run, reanalyze the highest mixed cali-
oration standard as if it were a sample. Concentration values
obtained should not deviate from the actual values by more than :'5
nercent (or the established control limits whichever is lower). If
they do, follow the reccmmendations of the instrument manufacturer
to correct for this condition.

3egin the sample run flushing the system with the calibration blank

solution (6.5.1) between each samplie. (See Note 7.) Analyze the

instrument check standard (6.6.1) and the calibration blank (6.5.1)

each 10 samples.

If it has been found that methods of standard addition are required,

the following procedure is recommended.

9.6.1 The standard addition tachnique (13.2) involves preparing
new standards in the sam§1e matrix by adding known amounts
of standard to one or more aliquots of the prccessed sample
solution. This technique compensatas fer~a sample constitu-
ent that enhancas or depresses.the analyta signal thus

producing a different slope from that of the calibration

(1]

standards. It will not correct for additive interfarenc
which causes a baseline shifts.The simplest version of this
technique is the single-addition method. The procadure is
as follows. Two identical aliquots of the sample solution,
gach of volume Vx, ara taken. To the first {labelad A) is

added a small volume Vs of a standard analyte soluticn of

1y

concantrition <. To the seczond (labelied 2} is addad th

sama volume Vs of the solvent. The analytical signals &7
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10. Caleulation

A and 8 are measuraed and corrected for nonanalyte signals
signais. The unkncwn sample concantration Cy is calcu=-
lated:

S

c, 8YsCs
TSA N Sé) s

where SA and SB are the analytical signals (corrected

for the blank) of solutions A and B; respectively. VS and
Cq should be chosen so that sA is roughly twice S3 on

the average. [t is best if Vs is made much less than

Vx, and thus Cs 1s much greatar than ¢, to avoid

excass dilution of the sam£1e matrix. If a separation or
concentration step is used, the additions are best made

first and carried through the entire procedurs.

For the results frcm this tschnicue to be valid, the follow-

ing limitations must be taken into consideration:

1. The anmalytical curve must be linear.
2. The chemical form of the analyta added must respond the
same as the analyte in the sample.

3. The interference effect must be constant over the working

-

range of concern,
4. The signal must be corrected for any additive interfer-

ancse.

10.7 Reagent blanks (6.5.2) should be subtracted from all samplas. This

is particulariy important for digastad sampies requiring large

quantities of acids to compiata the digestion.
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10.2 I¥ difuciens wara sartarmad, the aopregriata Tactor must te applied
to sample values.
IO.} Data shculd be rounded to the thousandth place and all results
should be reportad in mg/1 up tc three significant figures.
11, Quality Control (Instrumental)
17.1 Check the instrument standardization by analyzing appropriate
quality control check standards as follow: -
11.1.1 Analyze an appropriate instrument check standard (6.6.1)
containing the élements of interest at a frequency of 10%.
This check standard is used to determine instrument drift.
If agreement is not within + 5% of the expected values or
within the established control limits, whichever is lower,
the analysis is out of control. The analysis should be
terminated, the praoblam correctad, and the 1nstrumen;
recalibrated. e T
Analyze the calibration blank (6.5.1) at a frequency of
10%. The rasult should be within the established control
1imits of 2 standard deviations of the mean value. If not,
reneat the analysis two more times and average the thres
results. If the average is not within the control limit,
terminata the analysis, correct the problem and recalibrate
the instrument.
11.1.2 To verify intarelement and background corraction factors
analyze the intarference check sample (6.6.2) at the begin-
ning, end, and at ceriedic intarvals throughout the sampie

run. Results shouid Fali within tha as+abiished ccnoro!
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11.1.3

limits of 1.3 times the standard deviation of the mean
value., If not, tarminata the analysis, correct the problem
and recalibrate the instrument.

A quality control sample (6.6.3) obtained from an cutside
sourcs must first be used for the inftial verification of
the calibration standards. A fresh dilution of this sample
shalI_be analyzed every wesk thereafiar o monitor their
stability. If the results are not within = 5% cf the irue
value listed for the control sample, prepare a new caiibra-
tion standard and reczalibrate the instrumant. If this does
not correct the problem, prepare a new stock standard and a

new calibration standard and repeat the calibration.

12. Precision and Accuracy
12.1 In an EPA round robin phase 1 study, seven laboratories applied the

IC? tazhnique to acid-distilled water matrices*tﬁaf ﬁaé“been dosed

with various metal concentrates. Table 4 1lists the true value, the

mean reportad value and the mean % relative standard deviation.
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Analveizal Raesulis from SWLP Conductad

Table 7l

on Samples from Boring Vo. 01

Sampia

Identification

Core Subsamplas

Analvte 0.0-1.0 f¢ 1.0-2.0 ¢t 2.0-3.0 £t 3.0-4.0 £t Overburden
pH 5,5% 8.2 8.2 8.7 7.2
Aldrin 0.30 n.561 0.71 0.40 5.07
Dieldrin 0.22 0.013 2.41 0.54 19.5
EZaudrin 0.40 O.Zd 2.22 0.91 24,4
Is0dz%a .11 0.333 0.005 0.1t 0.5l
DIMP 70 90 110 110 30
DMMP -k - - - -
Dithiane - - - - -
Sulfone - - - - 710
Sulfoxida - - - - -
DBCP - - - - 0.010
Marcury - - 0,12 0.12 n.22
Arsanic 95 110 190) 30 113
Fluozida (pom) 7.0 9.5 12.3 15.2 3.3

B

*% Less than datection limic.

Ali ralues othsr than JH ace raporsad

4% ppd unless otierwisa notad.




' Table =2
- -

Anaivtical Results from Swin? Conductad oa Samvpies from Borine Yo. 02

Samnie Tdentification

Corz Subsamnles

Analvte 0.0-1.0 £t 1.0-2.0 ft 2.0-3.9 £t 3.0-4.0 ft

ol 9. 1% 9.1 9.1 9.1
Aldrin 49.7 8.10 1.42 0.30
Dieldrin 59.1 _ la.s 4,19 g 0.12
Fadrin 75.3 17.0 4,04 0.40
Is0tzic 20,1 0.52 0.11 3,005
DIMP 20 30 30 10.8
DMMP —a% - - -
Nithiana 490 - - ' -
Suifone ‘ 1600 630 530 760
Sulfoxide 1070 440 440 - 760
DBCP 0.40 0.09 0.09 0.17
Mercury 0.58 r.0 1.24 0.52
Arsenic ' 170 236 160 120
Fluozrida (nn=) .1 4.3 7.3 2.3

* All values other than pH are reported as ppb unless otherwise notad.

*% lasg than detection limir,




Tahie 73

Analvtical Results from SWLP Conducted on Samples from Boring Mo, 1l

Sampie Identification

Core Subsamplas

Analvte 0.0-1.0 ft 1.0-2.0 ft 2.0-3.0 f¢t 3.0-4,0 ft  Overburden
p4 S.3% 4.5 5.5 6.4 8.6
Aidrin N.51 -k% S - 2,51
Dieldrin . 0.12 2213 0.2 - 23.6
Zndrin .06 - 0.71 - 39,4
Iszodria 0.0G65 0.0053 C.C0335 - D.11
DIMP 30 20 20 7 20
DMMP - - - - 0.07
Nithiane - - - - -
Suifone - - - - 17190
Sulfoxide - - - - -
D3C? - - 9.n22 - 0.07
Mercury 0.12 0.12 N.20 0.16 1.20
Arseaic - 90 - 20 280
14,8

Fluoride (pom) 0.75 0.95 0.71 1.2

;,‘

——— A -

* All values other than pH are reported as ppb unless otherwise noted.

*% Less than detection limict,

oo}
~1



Table F4

Analvtical Results from SWLP Conductad on Samnies from Borineg No. 12

Analyte

Samnle Identification

Core Subsamples

pH
Aldrin
Dieldrin
Eaduin
Isodrin
DI'P
DMMP
2ithiana
Suifone
Sulfoxida
DBC?
Mareury
Arsanic

Fluoride (ppm)

OCO-IIO ft

5.8%
-k

1.0=-2.0 ft 2.0-3.0 ft
5.4 5.5
0.12 -
T o0.51 -
10 10
0.14 0.24
12 20
0.34 N.95

i

3.0-4.0 f¢t

4.0

Pl

*% Less than detection limic,

F8

Aali values othzr than »7 dre reported as ppd unless otuerwise notad.



F>

Analvtical Resuits from SWLP Conducted on Samples from Borine No. 13

Analyte

Sample Identification

Core Subsamples

L~ . W W

pl
Aidrin
Nieldrin
Endrin
Isodrin
DIM?
DMMP
Dithiane
Suifone
Suifoxide
DBCP
HYercury
Arsenic

Fluoride (ppm)

0.0-1.0 ft

8.4%

-k

0.14
64
1.7

1.0-2.0 £+

8.2

n.1%
51
1.1

-—

* All values other than pH are reported as ppb unless otherwise noted.

*% Tasg +han detection linit.

F9



Analytical Resuits froam SWLP

Tavie T3

fal

Conducted on Samnles from Boring No. l4

Sample Identification

Core Subsamplies

Analyte 0.0-1.0 ft

pH 5.6%
A.drin ~-k%
Dielaorin -
Endrin -
Isodrin -
DIvMP 20
DMMP -
Dithiane -
Suifone 40
Sulfoxida -
DBCP -
Mercury 0.12
Arsenic 38
Fluoride (ppm) 1.0

1.0-2.0 ft

5.8 5.6
- Nn.02
_0.10 0.21
- 6.07
20 20
- 0.12
23 »71
2.1 2.0

C;,,

2.0-3.0 £t

Overburden

8.1
1.39
3,24

s
3.1
120
9.39

9160

1140
1.01
2.14

226

15.2

* ALl values other than pH avre raported as pob unless otherwise noted.

#% Tass than detectlon iiats.

F10



Analytical Results

Table 77

from SWLP Conducted on Samples from Boring Wo. IS

Jra—

Sample Identification

Core Subsamnlas

)

Analyte 0.0-1.0 ft

pH 5.3%
Aidrin ~%%
Dieldrin 0.10
Endrin 0.08
Isodrin -
DIMP 40
DMMP -
Nithiane -
Suifone 90
Sulfoxide -
DBCP -
Mercury -
Arsenic 160
Filuozida (ppm) D.42

1.0-2.0 ft 2.0-3.0 ft
5.6 5.7
0.10 -
0.07 -
30 36
0.12 -

170 20
0.40 2,22

.:‘Q

* ALl wvalues other than 2% arva r

. %% Less than detection iimic.



Tabis 78

Anaivtical Resuits from SWLP Coaductad on Sampies from Borine No, 21

Samvple Identification

Cora Subsamples

Analvte 0.0-1.0 ft 1.0-2.0 ft 2.0-3.0 ft

pH 6.9% 4.3 4.9
Aldrin ~k% n.01 -
Dieldrin - - - -
Endria - - -
Isodrin - - ~
DTMP 60 a0 29
DMMP - - -
Dithiane - - -
Sulfone - - -
Sulfoxide - - -
DBCP - - -
Mercury 0.58 - -
Arsenic - 14 11
Flivoride {ppm) 0.0 1.32 1.3

* A1L valiues other than »¥ ara racorsaed as 27b snless cnherwvisa actad

**% Lessg than detection 1imit.

y
oy
to



Table F3

Anaivetical Results from SWL?2 Cenducted on Samnles from Boring No. 22

Sample Identification

Cora2 Subsamoles

Analvte 0.0-1.0 ft 1.0-2.0 £t 2.0-3.0 £t
pH 4,9% 4.8 bod
Aldrin 0.03 k% -
Diaidrin - 0.01 ) - -
Zndria - - -
Isodria C.03 - -
DIMP 130 130 150
DMMP - - -
Dithiane - - -
Suifone - - -
Sulfoxide - - -
DBCP - - -
Mercury - - -
Arsenic - - 14
Flunride (pom) 1.4 n.355 0.24

S

* All values othar than pH are reported as pob unless otherwise noted.

% Lesz than detection Liatl:,

F13



Analveical Resuits

Table

F10

from SWL? Conductad on Samnies from Boring No. 23

Analvte

pH

Aldrin
Dieldrin
gadrin
Isodrina
DIMP

DMMP
Dithiane
Sulfone
Sulfoxida
DBCP
Mercury
Arseaic
Fluorida (ppm)

Sample Tdentification

CoT2 Subsamples

0.0-1.0 ft

4,.8%

-t

60

0.20

15
Ol

[

5.0

40

29
N.64

Q:,’

2.0-3.0 ¢

5.9

0.01

30

* All values other than pH are

%% Las3 than 4datactinn list:,

reported as ppb unless otherwise noted.

L



Tadla Fll

Analvtical Results from SWLP Conductad on Samples from Boring Yo. 31

Samnie Identification

Core Subsamplas

Analyte 0.0-1.0 ft

pH 5.7%
Aldria -k
Jieldrin -
Endrin -
Iso:lein 0.10
DIMP 20
DMMP -
Dithiane -
Suifone -
Sulfoxida -
DBCP -
Mercury 0.16
Arsenia 11
Flucride (opm) 0.66

1.0=2.0 €t
5.5
0.30
1.25

2.22

L

0.005
20

0.03
0.22

28

“o-

1.0

2.0-3-() ft

[3Y)

b
e

Overburden

8.5
28.4
20.2
17.7

8.19

310

50
32090

0.46
0.36

360
7.8

* All values other than pH are reported as ppb unless otherwise noted.

#%  Laszs than Z2zz222%lon ii+is.

Lol I
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Tabis 712

Anailveical Resnizs from SWL? Conductad on Samples from Jorine Wo. 3.
2

Samnle Tdenti{fication

Core Subsamolas
Analvte N.0-1.0 £t 1.0=2.0 £z 2.0-3.0 £t

P8 5.5% 5.8 5.9
Aldrin N.20 -tk n.10
Dieldrin 0.1n - - 0.10
Zadrin N0 - 0.10
Zso0dzin - .12 0.12
DI«P 170 150 150
DMvp - - -
Dithiane - - -
Suifone 100 - -
Sulfoxida - - -
DBCP - 0.006 -
Mercury 0.16 n.38 - -
Arseni: 14 12 4
Fluoride (ppm) 0.57 0.63 0.41

* All values other than pH ar2 racor=ad as 2p% ualess ozhsrvise rotad.

#** [as3 than detectlion iimi:.

o



Amoles from Toring Yo. 33

Sample Identification

Core Subsamplies

Analvte ' 0.9-1.0 ft 1.0=2.0 ft
pH 5.5% ) 5.9
Aldrin 0.29 " el
Dieidrin 0.10 -
Zadria T 0.0 , , -
Isodrin 0.10 -
DIMP 20 10
oyMp - -
PDithiana - -
Suifone - _ -
Sulfoxide - -
D3CP 0.n08 -
Mercury : - n.1%
@ Arsenic ) 14 28
Fluoride (ppm) n.67 0.9%

* Ail values othar than pH are repcrzad as ppb unless otherwisa noced.
*% Lesy than detaction limtic,

F17
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e . =y
Tabie Tla

Anaiveical Resuits from SWL.2 Conducted on Samoies from Boring Mo. S0
Sample Identification
Core Subsamplas
Analvte 0.0-1.0 ft 1.0-2.0 ft 2.0-3.0 3.0-4.0 ¢

pH 6.2* 5.0 5.2 8.0
Aldrin n.40 6.30 0.30 -
Dieidrin 0,43 o2t 0.12 -
fadrin n.71 " 0.30 n.50 -
Isodsin g0l 2.1 0.095 -
DIMP 30 40 20 17
DiMP - - - -
Dithiana - - - -
Saifone 40 - - -
Sulforide - - - -
DBCP_ - - - -
Mercury 0.12 .12 n.30 0.38
Arsenic - - - 20
Fluorida (ppm) 9.71 0.41 0.82 0.75

* Ail values other than 5H ara ragorzad 2s pob unlass otherwise notazd.

** Lasg than detection limic.



Fl3

Analvtical Results from SWLP Conducted on Sampies from Borine No. 60

Sample Tdentification

Cora Subsamnlas

Anaivta N.0-1.0 £+ 1,0-2.0 £t
pH , 5.2% 5.5
Aldrin v ~ k% -
Dieldrin : - = 0.10
Tndrin - n.10
Isodria A 0.10 -
DIMP 20 20
DMMP - -
Dithiane ‘ - -
Suifone ' - -
Sulfoxida - -
DBC? 0.01 -
@ Marcuzy _ : 0.54 n.16
- Arsenic - 11 '
Tlusrids (ppm) 0.63 0.5l

* AllL values other than pH are reported as ppb unless otherwise notad.
** Taas than detaction linice,

\at]
)
(S




@ ' Table F16

Anaivtical 2esuits from SWLP Conducted on Samnies from Boriag Vo. 70

Samole Identification

Core Subsampias

Analvte N.0-1.0 ft 1.0-2.0 f* 2.0-3.0 £t Ovarburden

pH 4,7* 5.5 5.5 8.5
Aldrin —k% n.10 - n.27
Dieidrin 0.10 - - 9.10
Cndrin 0.79 - - 0.61
isodrin , - 2.10 0.10 -
DIVP 40 20 20 40
DMMP ’ - - - -
Dithiana - - - -
Suifona - - - 340
Sulfoxida - - - -
DBCP - - - -
Marcury 0,22 - .42 n.28
Arsanic 12 L1 11 31
Tluorida (spm) 0.35 0.0 J.%3 Ao

* ALl ‘aluss other fthas 0! 1ra rascvead 25 2ab unloss otherwise notad.

*% Less than detection limict,

F20



Table FL7
Bulk Orvanic Analysis of the 0.0-1.0 ft Core Suhsample

from Roring ¥o. Ol

Tentative Identification

Diisopropylmethylphosphonate
Toluene
1,1,2-Trichiorvethane
Tetrachloroethylene

Unknown (m/e 79 base) -
Xviene

Lyiene
1,1,2,2-Tetrachloroethane
Pantachloroethane
Acetophenone

Taknown (m/e 79 base)
Unknown ani 79 base)
Unknown (m/e 79 base)
Uaknown (m/e 79 base)

36 (moiecular suifur)

S8 (molecular sulfur)
Unkacwa {m/e 2735 base)

4~tert-Butvl-2-(tert-butylthio)pvridine

-.‘:’D

Level (uz/2)

[B5)

o NN O D D D O
L]
"

—
[0 3

-2

0.5

rrf
2
b



Tabla 718

Rulk Metal Analysis of the 0.0-1.0 ft Core Suhsample from Boring Yo, 0l

Analivte Concentration (ug/e)
Silver 1.18
Aluninum 8750
Arsenic ' <1.8
Boron 7.15
Barium N 170
Beryliium ) <0.08
Calcium 2130
Cadniuxn <0.1
Cobalt 9.29
Chronium - 13.1
Copper <100
Iron 11300
Mercury 0.023
Potassium 2630
Maznesiun 3050
Manganese 738&
Molybdenum - 6.19
Sodium T 4250
Nichkat 1.3
Phosphorus ' 579 )
Lead 27.1
Antimony 45.0
Selenium = <6.2
Tin o <50
Titanium 48.0
Thallium 24,4
Yttrium 16.2
Zine 40,4

Finoride ' 152

F22



v Table Fl9

Bulk Nrganis Analvsis of the Overburden from Boring Wo. il

Tentative Tdentification Level (pz/2)
Dimethymethylphosphonate 40
Niisopropylmethvlphosphonate -
p=chlorophenvimethvlisulfone 250
Chiorophenylmethylsulfone isomer 12
Aldrin 500
Isodrin - 20
Dieldrin 530
Endrin . 450
Benzene 20
Cvclohexene 130
Dimethyl disulfide 2
1,1,2=trichloroethane 6
Unknown (possihly N~methvlacetamide) ' 80
MY 98 unknown 80
Weak unknown Qgig 78 bvasa) 30
2° or 3° a2mine unknowm . . 20
Unknown {m/e 57 base) _ 39
Alkane . =T 5
Alkane ) 4
¥-nitrosodipropyiamine 200
2° or 3° amine unknown . 25
Y=containiag uzalbaowm 20
2° or 3 amine unknown = 30
Methylcyclopentaiiene “ 2
Methvlicyclonentadiene ‘somer v 2
laknown (m/e 79 base) 270
Hexachlorobutadiene 70
Mormachliorinated uaknow (7 133) 177
Alkane 3

{Conzinued)

F23
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Tabie Fl3 (Conciuded)

Tentative Identificafion

Rexachiorohicycloheptadiene
Alkane

Uaknowmn

Aldrin=tvpe pesticide (?), Weak!
Chlorinated unknown (MW 332)
Chlorinatad unknown

Ailkane

Allzane

Tetrachlorobenzene
Chalorinated unknown

Unknown (m/e 57 base)

58 (molecular sulfur)
Unknown

2° or 3° amine unknown

2° or 3° amine unknowm

2° er 3° amine unknown

Aldrin~type chlorinated pesticide

Level {ue/z)

800
8

300
19
14

70
250
20
300
35
10
13
40
180

ey
i~



. Table F20

Buik Matai Analvsis of the Jdvarburden from Boring Vo, 11

Analyvte Concentration (u2/g)
Siiver | 0.561
Aluninum 6330
Arseniec : <1.8
Boron ) 6.48
Barium 94.6
Baryilium T <0.08
Calzsium ' 6L10
Cadmium 0.55
Cobalt 5.66
Chronium 10.7
Copper . 5229
Iron _ 75660
Marcury 0.057
Potassium 1812
Magnesium 2740
Manganese . ) 189
Yolybdenum 5.55
Sodium .= 723700
Wickel 3.8
Phosphorus ) 3100
Lead - 35.5
Antirnony 29.0
Selenium . <6.2
Tin T <50
Titaaium 63.h
Thatlium 15.0
Yttrium 9.56
Zinc , 6a.7?
Fluoride 494

o<

-



Tapie F21

3ulk Oreanic analysis of the 0.0-1.0 fr Core Sabsample from Roring No. L2

Tentative Identification . Lavel (yz/2)
p-ChlorophenylmethylSulfone 2.1
Toluene 8
L,1,2-Trichloroethane | L.t
Tatrachloroethvlene 0.2
MW 98 unknown - — 30
Xviene 0.2

Unknown Qgﬂg 79 base) 5
1,1,2,2-Tetrachloroethane 4
Pentachlornethane 0.2
s 93 or 134 unknown 7.9
Uaxnown 2
56 (molecular sulfur) 1

"
F

F26
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Tabla F212

Bulk Metai Analvsis of the 0.0-1.0 ft Core Subsample from Borine Mo. 12

Analivte - Concentration (ug/2)
Silver 1.26
Aluminum 7190
Arsenic <l.8
Boron 6,31
Barium 133
dervilium <0.38
Calcium 13700
Cadnium <N.1
Cobalt 6.34
Chroniun 10.5
Copper <100
Iron 10200
Mercury 0.010
Potassium 1840
Magnesium 3060
Mangansse 257
Yolybdenum 5.01
Sodium = - TAll
Nickal 1,59
Phosphorus 558
Lead 190.7
Aatinony 44,0
Selenium ) <6.2

tn <50
Titanium 84.5
Tazliium 22.9
Yttrium 11.8
Zinc 37.3
Fiuoride as.0n
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Tabla F23

Bulk Ocrganic Analvsis of the Overburden from Boring No. 12

‘Tentative Identification Level (ug/g)
Dieldrin 5.4
p-Chlorobenzene methvi sulfoxide 3.6
p~Chiornbenzene methyl sulfo&e 32
p-Chiorobenzene methyl sulfoxide fsomer 1
Aldrin _ 1.4
Toluene ) 14
1,1,2-Trichlornethans 1
MY 98 unknowm 3
Unknown 7
Xylene 0.3
N,N-dimethylactamidé 2
Uaknown 5
N-nitrosodipropvlamine 20
MW 127 unknowm 4
Unknown 2° or 3° amine 24
Weak unxnowm 1
Unknown (m/e 79 base) o 8
Unknowm U 20
M7 128 ekioriaatzd unknem 5
Methyl sulfonyl benzene (very weak) ' 0.3
Weak unknown . ' 1
38 (moiecuiir suifur) 30

Unknown (275 base pk)

"“l'

5
f-tert-Butyl-2(tert-hbutvithio)pyridine = 8
Unknown M7 221 N=containiag compound 4
Weak MW 131 unknowm

£~
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Bulk Mezal Analvsis of tha Ovarhyrden from Roring Yo. 12

Analyte
Siivatr
Aluninum ‘
Arsenic
3ston
3arium
Beryilium
Caicium
Cadniunm
Cobalt
Chronium
Copper
Iron
HMercury
Potassium
Magnesium
Manganese
Meizhienun
Sodiun
Mickel
Zhospnorus
Lead
Antimony
Selenlua

in
Titaniua
Thaiiium
Yttrium
Zinc

Tluoride

Concentration {uz/2)

1.15
7280
<l1.8
8.08
115
<N,N8
4440
<0.,1
5.57
9.76
613
9640
0.091
1790
2350
205
4.97
14100
10.4
1530
17.4
18.0
<6.2
<30
84,4
18.1
9.90
41,5

217

F29




Tabia 725
Buix dwzanis Analwsis of tha 2,2-.0 ¢¢ Cor2 Subsamnl: frem Rariac Yo. L&

Tantative Identification Lavel (ug/7)
DMMP 2.6
DIMP 1.5
p-Chiorophenvimethvisufone 0.9
Toluene 4,7
1,1,3=Trichloroethane 3.1
Tetracalorss thylene - n,2
Pos5ibly lemethylacerzinide 0.3
MW 98 unknown 3.2
Yylene 0.2
Yyiene 0.5
Weax unknown 1.3
Xylene 0.3
1,1,2,2-Tatrachicroethane 11

Pentachloroathane 0.7
Acetophenone 0.5
Unknown (m/e 73 hase) 7

36 (molecular sulfur) S

SB (moleculiar sulfur) 20

v
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Table F26

Ruilk Metal Analvsis of the 0.0-~1.0 £t Cor2 Subsamnle from Boring Wo. 14

Analvte
Silver
Aluninum
Arsenic
Boron
Barium
Berviiium
Calctum
Cadmium
Cohalt
Chreonium
Copper
iron
Mercury
Potassium
Magnesiun
Manganese
Molyodenum
Sodium
Wickel
Phosphorus
Lead ‘
Antimoay
Selentum
Tin
Titaniunm
Thaliium
Yrerium
Zine
Fluoride

Concentration (uz/2)

1.53
6840
<1.8
9.32
-120
<0.08
9120
<0.1
7.90
11.8
<100
10200
0.015
2200
4920
294
5.41
895
13.6

S, . ame d——
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Table F27

Rulk Organic Analvwsis of the 0.0-1,) £t Core Suhsamnie from lorineg Yo. 31

Tanzatlive Tdencificarion

DMMP
p~Chiorophenylmethylsulfone
Toluene
1,1,2=Trichloroethane
Unknown

fyiene

Unlaovn (2/2 79 Zasa)
Xvlene
1,1,2,2-Tetrachloroethane
Pentaciilornetiiane
Aczatophenone

Unknown (m/e 79 base)

Weak unknowr (contains m/e 79)
56 (molecular sulfur)

SS (molecular sulfur)

Level (pa/2)

.
Oy O

[3%)

.
— W

RPN O O N D D WD
.
—
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Nuik “Matal Analvsis of the 0,i-1.2 ¢t Cora Subsanpie from Rorine Mo. 31

Anaivte Concentration (Lz/2)
Silver 1.47
Aluminum 9270
Arsenic <1.8
Soron 14,6
3azium '

Terviiica
Caicium
Cadmium
Cobait
Chremiun
Copper
Iron
Mercury

Potassium

YMagnasium
Manganese
Molybdenum
Sodium
Nickal
Phosphorus
Lead

Titanium
Thaliium
Yetrium
Zinc
Fluoride




Tabla T23

.

Binik Jrzanic Analvsis of :he Qverdurden from 3oring No. 31

Tentative Tdantification Level (pna/e)
Aidrin . 3,100
Isodrin 200
p~Chlorophenylmethyisulfons 70
Toluene 30
Yexachlorobutadien 220
‘ionocnlorinated unknown (MW 133) ) 100
Tarazhilorobizraloheptaliens 1,700
Chlorinated unknown 500
Tetrachlorobenzene , 30
S, (molecular sulfur) 130
U;known (m/2 275 base) 30
Dieidrin 530
Chiorinated unxnown 30
Aldrin~type chlorincted pesticide 200
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. ' Tabia F30

.
(1.

Buik Metal Anaivsis of the Overbhurden from Boring Yo. 31

Anaiyte Concentration (ug/g)
Silver | 0.65
Aluminun 7460
Arsenic _ <1.3
3oron v '3’70
Barium 125
Berviliug - <.083
Caicium 15100
Cadmium n.21
Cobalt 6.03
Chromium‘? 11.3
Coppar ' 2110
Iron . 9190
Mercury 0.031
Potassiuﬁz . 2050
Magnesiua , h 3600
Manganese 219
Holyhdaaun 5.34
Sodium  * 32700
Nickel 13.1
fhosphorus 2980
Lead 25.4
Ant{imony 55.0
Seienium ) , <6.2
Tim . <50
Titanium 91.4
Thailium 19.1
Yttrium 9.72
Zine 49,2
Tluoride 336
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Table F3!

Bulw Orzanic Analvsis of the 0.0-1.0 £t Core Subsamnle from Boring Yo. 33

Tentative Identificasion Level (ug/2)

p»Chiofobenzene methyl sulfone 0.4
Toluene ; 6
1,1,2-Trichloroethane - ( 2
Tetracnloroethylane 0.2
*07 93 Uaknown ‘ 30
Xvlene = I P

Unkaowa (n/e 79 base)

Tetrachioroethane 5

Pantachloroethane 0.4
MW 98 or 134 unknown : 11 .
Allana 0.3
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Suik Matai Anaivsis of the 0.7<1.15 it

.

Table F32

Core Subsamnie from 3oring Yo. 33

Anaivea

Siiver

" Aluminum

Arsenic
Boron
Barium
Servilium
Calictum
Cadnium
Cobait
Chroriua
Conner
Iron
Margury
Potassium
HMagnesium
Mangzanassa
Molyhdanum
Sodiun
Mickel
Phosphorus
Lead
Antircay
Selenium
Tin
Titanium
Thallium
Tetrium
Zinz

Tlunride

Concentration (ug/2)

1.35
11500
<1.%
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Buik Oreanic Analvsis of

hsamnie from Boring Vo. 70

-~

Tentztivae Identification

Toiuene
l,1,2=trichioroethane
Tatrachloroethylene

MY 98 unknown

Xylene

Cukaown (m/e 79 base)
1,1,2,2=Tetracniororthane
Pentachiorcethane

MW 93 or 134 unknown
Unknowm

Alkane

Level (uz/e)
10

3.0
N.2
n
0.3
9
13
0.8
30
0.7

2

F38



Bulle Matai Aaaivsis of the 0.0-1.0 £t Core Subsamnle frem Boring Mo, 70

Taniz

-
>
[

Anailvte
Siirer
Aluninum
Arseaic
3orecn
Bariun
Beryliium
Caicium
Cadmivm —
Cobhalt
Chromium
Coprer
Iron
Marcury
Potassium
Magnesiun
Manganese
Molrhianun
Sodium
Nickel
Phosgoliorus
Lead
Antimony
Seieninm
Tin .
Titaniun
Thallium
Yetrium

-
ne

t
S

Tiovila

Concencration (.2/¢)

1.23
2590
<l.8
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