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PHASE 5 
HAZARDOUS WASTE STUDY NO. 37-26-0593-86 

SUMMARY OF AMC OPEN-BURNING/OPEN-DETONATION GROUNDS EVALUATIONS 
MARCH 1981 - MARCH 1985 

1. AUTHORITY. Letter, HSHB-ES-H, th1s Agency, 15 July 1985, subject: 
USAEHA Phase 5 of AMC OB/OD Grounds Evaluat1on, USAEHA Project No. 
37-26-0593-85. 

2. REFERENCES. See Append1x A for a 11st1ng of references. 

3. PURPOSES. 

~x:: a. To summar1ze the results of prev1ous so11 1nvest1gat1ons at OB/OD 
s1tes, and to evaluate the lateral and vert1cal extent of contam1nat1on at 
these s1tes. 

b. To offer recommendations for the proper operation and management, 
sit1ng, and design of OB/OD fac111ties. 

c. To provide necessary data to support development of an RCRA Part B 
Permit Wr1ters' Gu1dance Manual for OB/OD Fac111t1es. 

4. GENERAL. 

a. Abbrev1at1ons and Definitions. See Appendix B for a list1ng of 
abbreviations and definitions of terms used in th1s report. 

b. Acknowledgments. See Appendix C for acknowledgments of the project 
officers who performed the s1te invest1gat1ons and other related projects 1n 
support of th1s report. 

c. Background of DOD OB/OD Operations. 

<l> The OB/OD operations are conducted at numerous facilities 
throughout DOD. However, based on original project plans. all s1te 
1nvestigations performed 1n support of this report were conducted at Army 
1nstallattons tn AMC. As such, all references to specific locat1ons and 
facf 11t1es apply to AMC tnstallat1ons. Due to the inherent similar1t1es of 
AMC OB/OD fac1lit1es with those OB/OD sites elsewhere in DOD, it ts hoped 
that this report can have universal application throughout DOD. 
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<2> Each year the AMC tnstallattons generate thousands of tons of 
PEP wastes. These wastes tnclude off-spectftcatton explostves, explostve 
restdues, PEP matertals whtch have fatled qualtty assurance tests, and 
unservtceable and obsolete PEP and muntttons ttems, along wtth anctllary 
but tntegral muntttons components. Other related wastes may tnclude ttems 
whtch have become contamtnated by contact wtth PEP durtng thetr productton, 
storage, handltng, or transportatton. Addtttonal wastes, not normally 
constdered explostve, that must also be dtsposed of, tnclude laboratory 
chemtcals such as ethers, peroxtdes, ptcrtc actd, and chloroptcrtn, to 
ment!on a few. Substanttal quanttttes of propellants and muntttons wastes 
are also generated through routtne troop operattons and tratntng exerctses. 

(3) Currently, OB and OD of PEP and PEP-contaminated wastes are the 
safest and most effective means of destroytng many ttems, decontamtnattng 
large metals process parts, and reductng combusttble porttons of the waste 
to smaller, manageable volumes. The Army has developed an EHI and a CHP 
whtch can theorettcally tnctnerate of PEP and PEP-contamtnated wastes. 
Unfortunately, these tnctneratton untts are margtnally effecttve and can 
actually be net waste producers. Moreover, due to the stze and tnfrequent 
small quanttttes of waste requtrtng controlled combustton treatments, an 
EHI or CHP ts often tmpracttcal. The OB/OD methods are clearly the safest 
and most effecttve means available for treatment of PEP wastes. It becomes 
obvious that the Army must keep OB and OD as vtable options for thermal 
treatment of the family of PEP wastes. 

d. Project Approach and Phasing Strategy. Thts study was structured 
tnto ftve phases in order to fulfill project purposes. 

<l> Phase l. The first phase, initiated tn March 1981, consisted 
of an extensive literature review and evaluation of tnformatton on the 
subsurface condtttons at 36 AMC tnstallations wtth OB/OD grounds at vartous 
levels of acttvity. Thts tnttial subsurface data evaluatton was performed 
tn order to rank tnstallattons both geohydrologtcally and geographtcally 
for actual onstte tnvestigattons under Phase 2. Environmental factors or 
gutdes used tn thts preltmtnary evaluation were general stte selection 
tndlcators, geologtc untts, sot ls, ground and surface waters, and climatology. 
Seven tnstallattons were tnttlally eltmtnated from any Phase 2 constderatton 
due to floodplain locatton under gutdance tssued by EPA on 12 January 1981 
<Locatton Standards). Three other tnstallattons were also eltmtnated due 
to either extsttng contaminatton studtes by other agenctes or a lack of 
acttve OB/OD factltties. The rematntng 26 installations were ranked tn 
terms of htgh, medium, and low potenttal to contamtnate ground or surface 
waters and were advanced to Phase 2 for onstte restdue and soil sampling. 
Phase l was completed tn March 1982. 

<2> Phase 2. 

<a> Thts phase, convnenclng tn August 1981, comprised the onsite 
visits to 26 AMC lnstallattons to collect samples of restdues and soil_s to 
a depth of 18 tnches, as an tnlttal screentng:- Sampltng at OB factlttl~s 

2 
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lrr_cJ_~ded collectton of surface restdues and sotls by manual methods_and 
collecf1on--=of·subsurface-·so1ls-Vta remote·drtlltng. Sampltng at OD sttes 
was restrtcted, for safety reasons, to surface sampltng. due to the posstble 
encounter wtth a vartety of unexploded ordnance. All drtlltng was performed 
wtth a tratler-mounted, remote-control dr111 r1g. 

(b) In May 1983, the ortgtnal ltst of 26 1nstallat1ons was expanded 
to 36 <see Table 1) at AMC request. Twelve of these 1nstallat1ons were 
chosen for the Phase 4 1nvesttgat1ons as summartzed tn Appendtces D through 0. 
The tncrease tn the number of 1nstallat1ons slated for sampltng resulted from 
a change tn the EPA floodplatn rultng tn add1t1on to changes tn command 
prtortttes. A total of 1,541 samples was collected and analyzed for 14 
chemtcal parameters, resulttng tn a total of 21.574 separate chemtcal 
analyses. Analysts for the etght RCRA TEP metals <arsenic, bartum, cadmtum, 
chromtum, lead, mercury, selentum. and stlver> was performed accordtng to 
standard EPA <EP Tox1c1ty> methods tn reference 9. Analysts for the stx 
explostves CRDX, HMX, TNT, tetryl, 2,6-0NT, and 2,4-DNT> was performed 
accordtng to methodology contatned tn reference 10. 

TABLE 1. AMC INSTALLATIONS EVALUATED DURING PHASE 2 

AMC COM 

Badger AAP 
Hawthorne MP 
Holston AAP 

Indtana AAP 
Iowa AAP 
Kansas AAP 
Lake Ctty AAP 
Lone Star MP 
Longhorn AAP 
Loutstana AAP 
McAlester MP 
Mt lan AAP 
Newport AAP 
Ptcattnna Ars 
Radford AAP 
Ravenna AAP 
Sunflower MP 
Twt n Ct ttes AAP 
Volunteer MP 

DES COM 

Anntston Ad 
Letterkenny Ad 
Lextngton-

Bluegrass AD 
Navajo DA 
Pueblo DA 
Red Rtver AD 
Savanna ADA 
Seneca AD 
Sterra AD 
Tooele AD 
Umattlla DA 
Ft Htngate DA 

TE COM 

Dugway PG 
Jefferson PG 
Hhtte Sands 

Mtsstle Range 
Yuma PG 

MI COM 

Redstone Ars 

C3> Phase 3. Thts phase conststed of a summary and tnterpretatton 
of the data collected durtng the Phase 2 surface sotl tnvesttgattons, 
publtshed as reference 13. A ltsttng of the conclustons and recommendattons 

~ of the Phase 3 report are prov1ded tn Appendtx P. A summary of analyttcal 
data on-the Phase 2 OB/OD fteld studtes ts provtded tn Table 2. Each 
numertcal entry tn Table 2 represents the cumulattve average of percents 
for TEP metals and explostves tn OB and OD operattons. The percents for 
TEP metals tnclude all data values from the ND through the RCRA TEP metal 
ltmtts tnterval, ltkewtse, for explostves, the percents tnclude all data 

3 
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values from the ND through 1,000 µgig 1nterval. The f1rst two columns 1n 
Table 2 show the overall AMC p1cture for TEP metals and explosives by major 
subordinate commands. 

TABLE 2. AMC SUMMARY OF ANALYTICAL RESULTS FOR TEP METALS* AND 
EXPLOSIVESt 

Over a 11 AMC Open Burning Open Detonation 
TEP Meta 1 s Explosives TEP Metals Explosives 

("1.) (7.) ('!,) ("!.) 

AMC COM 98.7 97.6 97.9 97.3 
OESCOM 99.4 99.8 99.2 99.7 
TE COM 99.2 100 99. 1 100 
ARRADCOM * 97.6 99.5 95.3 99.4 
HI COM 100 99.7 100 99.6 

TOTAL 
AMC 99.0 98.7 98.6 98.4 

•Percentage of data below RCRA TEP limits. 
t Percentage of data below 1,000 µg/g limit. . 
•Results from Picatinny Arsenal which is now in AMCCOM. 

TEP Metals Explosives 
(1.) (1.) 

99.9 98.3 
99.5 100 
99.4 100 

100 100 
100 100 

99.7 99.3 

Note: Appropriate units for TEP netals is mg/L and for explosives is µg/g. 

(4) Phase 4·. This phase 1nvolv_ed_ the deta1led subsurface J_n_v_e~_ti
gations into the extent-of-nielils--arid explosives m1gra-tion as Indicated as 
possible problem areas from Phase 2. Table 3 11sts the 1nstallations studied 
during Phase 4. A total of 599 samples was collected and analyzed for 14 
chemical parameters, resulting tn a total of 8,386 separate chemical analyses. 

TABLE 3. AMC INSTALLATIONS EVALUATED DURING PHASE 4 

AMC COM 

Badger AAP 
Holston AAP 
Indiana AAP 
Iowa AAP 
Lake Ctty AAP 
Louisiana AAP 
Newport AAP 
Radford AAP 
Volunteer AAP 

4 

DES COM 

Seneca AD 
Sierra AD 
Tooele AD 
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<5> Phase 5. Th1s report 1s the summary and 1nterpretat1on of all 
analyttcal data collected 1n Phase 2 <surface soil samp11ng> and Phase 4 
<subsurface sotl sampling>. 

e. Regulations. 

Cl> Thermal Treatment. The OB/OD ts regulated as a thermal 
treatment process under 40 CFR 265. Under the general facility requirements 
of this regulation, 1nstallations must have developed a series of plans 
applicable to OB/OD facilities and operations, such as waste analysts, 
inspection, cont1ngency, training, and closure plans with any attendant 
recordkeeping. Facilities must also comply with specific quantity-distance 
relattonships which closely parallel those already In use w1thin the DOD 
convnun1ty. There are presently no 40 CFR 264 regulations for OB/OD 
factltttes. It 1s expected, however, that EPA will promulgate standards 
for these facilities under a Subpart 11 x11 some time 1n 1987. These standards 
w111 tnclude rather general requtrements which will apply to all interim 
status faciltttes for which f1nal standards C40 CFR 264> have not been 
promulgated. Thts Agency wtll be prepartng a RCRA Part B Permit Hr1ters' 
Gu1dance Manual for OB/OD faci11t1es for use by regulatory offictals. Data 
contatned tn thts report will be utiltzed in completing the Permlt Writers' 
Guide. Add1tionally, tnformation contained in reference 14, a ground-water 
monitortng study at OB/OD sites, and an on-gotng OB/OD air pollution study 
at Tooele AD, and a research report concerning m1gratton of contaminants 1n 
soil contained in reference 11 w111 be used 1n preparing th1s Gulde. 

(2) OB/OD as Hazardous Haste Treatment. The OB/OD process also 
meets the def1n1tton of hazardous waste treatment. The regulations prohibit 
the open burning of hazardous waste as a treatment method. However, an 
exemption is granted for the OB/OD of waste PEP which cannot be safely 
d1sposed by other means (40 CFR 265.382). This exemption ts only from the 
prohibition on OB and does not in any way exempt the facility or 1ts 
operators from compliance with all other applicable regulations for 
treaters, starers, and disposers of hazardous wastes. The OB/OD process ts 
also subject to regulat1ons under the Clean Air Act <reference 1) and may 
requtre waivers or perm1ts under exist1ng State air pollution regulations. 

<3> Reactiv1ty Deftnttton. The regulattons promulgated under RCRA 
<references 3 through 7> set forth standards and guidance for the "cradle to 
grave" management of hazardous wastes. Under these regulattons, one of the 
crlterta for designating a waste hazardous is reactivity, which ts defined 
to include wastes which may detonate from strong 1nit1at1on or when heated 
under confinement, and specifically includes "forbidden," ''Class A, 11 and 
"Class B" explosives as specified by DOT 1n 49 CFR 173 <reference 8>. 
Forbidden explosives can tnclude some PEP wastes. 

(4) Reacttvity Testing. Accordtng to the defln1tton of hazardous 
waste. residues from hazardous waste treatment operations are themselves 
constdered to be hazardous until proven otherwise. Since the original PEP 
wastes are hazardous by characteristic of reactivity, the residues must also 
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be considered reactive. During the study period, officially approved 
reactivity tests were unavailable. Therefore, for the purposes of this 
study, 1,000 µg/g <O.l percent> of explosives was defined as an arbitrary 
m1nimum concentrat1on gu1del1ne below which OB/OD residues would probably 
not be reactive. Recently, however, some EPA regions and some State regula
tory agencies have accepted the US Department of Inter1or Bureau of Mines 
reactivity test. This test consists of two independent experiments called 
the Gap Test and the Internal Ignition Test. These tests are detailed 1n 
Appendix Q. This Agency has developed a program in which 65 soil samples 
from 10 installations contaminated by various levels of explosives have 
been tested for reactivity using th1s Bureau of Mines test. These results 
have shown that soils containing explosives 1n concentrat1ons exceeding 
30,000 µg/g (3 percent> are not reactive. In fact, reactivity tests on 
all of these so11 samples have been negative. A summary of OB/OD soils 
samples submitted for reactivity testing is contained in Table 4. This 
implies that the 1 ,000 µgig guideline chosen for this report is a conser
vative yet suitable level to utilize. This statement is also supported by 
the exper1ence and op1n1on of the ammunition plant community. The only 
possible exception for using this guideline might be for styphnate- or 
azide-contain\ng explosives. 

TABLE 4. SUMMARY OF OB/OD SOILS SUBMITTED FOR REACTIVITY TESTING * 

EXPLOSIVE 

MINIMUM OF 
DETECTED 

# DETECTED VALUES 
(ug/g) 

MAXIMUM 
VALUE 
(ug/g) 

MEDIAN OF 
DETECTED 

VALUES 
(ug/g) 

AVERAGE OF 
DETECTED 

VALUES 
(ug/g) 

--------------------------------------------------------------------------------------------------------------------------------------------------------
HMX 19 1. 8 16900.0 39.5 2707.9 
ROX 26 1. 4 14300.0 20.4 966.l 

TETRYL l 12.4 12.4 
TNT 46 1. 6 15100.0 49.2 1432.7 

2,4-DNT 28 1. 1 312.0 11. 8 53.3 
2,6-DNT 8 4.5 24. 0 6.0 9.2 

SUM OF EXPLOSIVE 65 1. 8 31222.6 59.2 2217.0 
CONCENTRATIONS 

* Reactivity tests, using Bureau of Mines procedures, on all 65 samples 
were negative. Only samples with detectable concentrations of any 
explosive were included in this summary. 
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<S> Metals. Since many PEP wastes also contain toxic heavy 
metals, there 1s also the potential for some of these metallic elements to 
be released from the waste to the environment via leaching tn actdtc soils 
or through atr dispersal. The residues and sotls were, therefore, analyzed 
for TEP metals. Additionally, the State of Californta places ltmtts on the 
total concentrations of the metals on the TEP ltst. These standards, 
called TTCL's, are 10 times the Federal TEP limtts. Therefore, for samples 
collected from Sierra AD, located tn Caltfornia, samples were analyzed for 
total as well as TEP metals concentrations. 

<6> Ground-water Contamination. The principal thrust of Federal 
hazardous waste regulations is the protection of ground and surface waters. 
Hazardous waste disposal sites are required to have installed a ground
water monttortng system which can measure the impact of the factltty on the 
uppermost aquifer. Since heavy metals and PEP wastes could migrate to 
ground and/or surface waters, the analytical results of thts and other 
s1m11ar studies, coupled wtth a knowledge of stte geohydrology, can give a 
preltminary 1ndicat1on of the subsurface pollution potential of the OB/OD 
factltt1es. 

<7> Toxicity Considerations. The RCRA regulations require OB/OD 
operators to perform TEP metals and reacttvity tests on residues and 
potenttally contaminated sotls to determtne tf these wastes are hazardous. 
However, the Army has also performed some ltmtted toxtctty testing on these 
wastes. Thts testing was required for samples collected at Sierra AD, 
located tn Caltfornla, because toxtclty ts one of the hazardous waste 
characteristtcs tn the State of Caltfornta regulations. All Sterra AD 
samples were less toxtc than the 500 mg/L threshold value tn 96-hour LC50 
tests established tn these regulattons. Therefore, these wastes were not 
constdered to be toxtc by the Caltfornta deftnttton. A second group of 
tox1c1ty tests were performed by this Agency on ash and restdues resulting 
from the OB of M-15 propellants. The results of these tests tndlcated that 
the toxtctty of the propellant ash was many times greater than that expected 
based on the literature toxicity values of the ash constttuents. Addttional 
toxtctty testtng ts requtred tn order to provtde a more complete discussion 
of the toxtctt1es of OB/OD restdues and contaminated soils. 

f. Samp11ng Methodologies and Strategies. 

<l> Background. 

<a> The OB factltttes typically encountered at the OB sites include 
large burn pads, clusters of small burn pads, burn trenches, flashing piles 
or ptts, and burn cages. 

Cb> At most OB factltttes, residues are tn the form of either 
discrete piles of ash or merely veneers of ash dispersed over the sotl. 
The color of the ash usually ranges from white to black, with occasional 
reds. In terms of texture, the ash appears in a variety of forms from 
light flakes to solid char and often ts seen as a crumbly, granular "cake," 
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residue/soil matrix. However, tn many areas the 1ntense burn1ng action has 
altered the 1mmediate subsurface soil structure to the potnt where it is 
difficult to clearly determine where res1due stops and sotl begins. Unfor
tunately, there is a lack of data on how the phys1cal soil characteristics 
can change from the repeated burning act1ons, combined with the infus1on of 
a variety of organ\c compounds. 

Cc) Due to the \nherent operational differences between OB and OD, 
00 sites usually have neither discrete residue piles nor always v1sible 
veneers of ash to sample. The detonation/deflagration process tends to 
more completely combust, vaporize, or aerosolize the explos1ve and metal 
components, leaving only m1nute and generally nonvis1ble traces 1n the 
resultant craters and surrounding soils. 

Cd) While the goal of the onsite visits was to gather samples wh1ch 
were as representat1ve as possible, the primary consideration 1n sampling 
had to be the safety of the study team. This Agency•s remote control drill 
r1g was selected as the best overall method of OB sample retrieval to 
protect personnel from potential flash burns and explosions. The determina
tion to use a remote-control rig rather than bulky and heavy stationary 
devices was the consensus of opinion among USAEHA, AMCCOM and DESCOM 
representatives and safety personnel during the establishment of this 
project. 

C2> Phase 2. Phase 2 sampling methodologies were detailed in 
reference 9. These procedures are duplicated in Appendix R of this report. 

<3> Phase 4. 

<a> The majority of the samples collected during the Phase 4 
investigations were taken from depths in excess of 18 inches. The primary 
method used for collection of these samples was the 4-inch-diameter, hollow
stem augering system which greatly reduces the possibility of contamination 
between soil horizons. However, some samples had to be collected from the 
auger cuttings pile at the surface. Th1s was necessary in situations where 
the Shelby tube placed withtn the auger deformed due to the presence of 
stones in the soil, therefore, not allowing collection of an appropriate 
sample. The typtcal strategy used in determining sampling depths was to 
collect an initial sample at a depth of 1-1/2 to 2 feet, with subsequent 
samples collected every 5 feet or change of strata. Drilling was generally 
terminated upon interception of ground water or refusal. A small number of 
samples were also collected from the top 18 inches of soil. The procedures 
used to collect these surface soil samples were the same as those utilized 
during the Phase 2 studies <see Appendix Q>. 

Cb) At most installations, wherever possible, sampling sites were 
chosen which duplicated those utilized during the Phase 2 evaluations. 
Specific sampling locations at these sites were determtned based on s\te
speciftc geologic and hydrologic considerations. At most installations, 
several boreholes were sited directly with1n the OB stte. Other boreholes 
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were located 1n the 1mmed1ate v1c1n1ty of the s1te to determ1ne the extent 
of lateral m1gration of contaminants, if any. Add1t1ona11y, at some 
insta11at1ons, boreholes were sited farther away from the OB stte to 
further characterize the lateral migrat1on of contam1nants. F1nally, 
sed1ment samples were collected from dra1nage d1tches and swales at a 
number of 1nstallat1ons to ascertain whether lateral contam1nant m1grat1on 
was occurr1ng as a result of surface runoff events. 

Cc> No samples were collected from OD sites as part of the Phase 4 
evaluat1ons. Because of the 1nherent possib111ty of unexploded ordnance 
be1ng bur1ed a cons1derable depth below the surface follow1ng OD act1v1t1es, 
1t was felt that the threat to the safety of dr111 rig operators at these 
sites was too great to justify collect1ng subsurface samples. 

g. Analyt1cal Detect1on Lim1ts and Methodologies. Detection limits and 
methodolog1es for each of the parameters included 1n th1s study are prov1ded 
1n Table 5. 

TABLE 5. ANALYTICAL DETECTION LIMITS AND METHODOLOGIES. 

Parameter Un1ts 

TEP Meta 1 s 
S11ver mg IL 
Arsen1c mg IL 
Barium mg IL 
Cadmium mg IL 
Chromium mg IL 
Mercury mg IL 
Lead mg IL 
Selenium mg IL 

Total Metals 
S11ver µgig 
Arsenic µgig 
Bar1 um µgig 
Cadm1um µgig 
Chromium µgig 
Mercury µgig 
Lead µgig 
Selenium µgig 

Explos1ves 
ROX µgig 
HMX µgig 
TNT µgig 
Tetryl µgig 
2,6-DNT µgig 
2,4-DNT µgig 

Reactivity 

Detection L1m1t 

0.5 
0.5 

10.0 
o. l 
0.5 
0.02 
0.5 
0. 1 

12.5 
5.0 

150 
0.50 
0.025 
o. 1 
0.001 
2.5 

1.0 
1.0 
1.0 
5.0 
1.0 
1.0 

9 

Methodology 

Extract1on per 
40 CFR 261, analysis 
by atomic absorption 
described in reference 9 

Ac1d d1gest1on 
followed by atomic 
absorption described 1n 
reference 9 

HPLC method descr1bed 
1n reference 10 

Bureau of M1nes method 
described In Appendix Q 
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5. SUMMARY ANO INTERPRETATION OF PHASE 2 AND PHASE 4 ANALYTICAL RESULTS. 

a. Background. The follow1ng d1scuss1on str1ctly deals w1th the OB/OD 
sites from which both surface and subsurface analyt1cal so\ ls results were 
obtained. As a result, no OD sites are Included In th\s summary slnce 
subsurface sampling was not accomplished at these facilities. The OB sites 
meeting this sampling crlterlon, and therefore discussed below, are located 

--at the 12 AMC Installations shown In the Figure. 

b. Soil Investlgation Appendlces. Olscusslons of the OB soil invest1-
gat1ons at each of the 12 Installations are contained In Appendices D 
through 0 of this report. The format of each appendix Is very similar. 
Brief background Information Is provided 1n each append\x concerning 
pertinent environmental setting cons\deratlons, an overv\ew of the OB 
grounds, and sampl1ng methodologies and locations. Subsequently, analytical 
results are Interpreted through the use of tables, show1ng results for each 
parameter as well as providing summaries, and bar graphs portraying data 
summarles. Samples were grouped Into s1x categories: 0-6 Inches, 6-18 
Inches, 18 Inches to 5 feet, 5-10 feet, 10-20 feet, and greater than 20 
feet. Additionally, samples collected at some lnstallat1ons were divided 
Into two groups, those collected within or 1mmedlately nearby the OB sites, 
and those collected farther away from the sites. Sediment samples collected 
from drainage d1tches were placed In this latter category. Brief summaries 
of each of the appendices Is provided below. 

c. Summaries of Investigations at Individual Installations. 

<l> Badger AAP <Appendix O>. Significant soils contamination was 
detected at the s1te but was limited to the top 18 Inches of soil. The 
primary contaminants were lead, 2,6-0NT and 2,4-0NT. 

<2> Holston AAP <Appendix E>. Significant soils contamination was 
detected at the site but was limited to the top 18 Inches of soil. Trace 
levels of contaminants were migrating vertitally down to saturated zones. 
Lateral migration of contaminants with the ground water was predicted. At 
least a portion of the contamination could have been due to spillage and 
runoff of unburnt compounds. The primary contaminants were ROX and HMX. 

<3> Indiana AAP <Appendix F>. Significant soils contamination was 
detected at the site but was llm1ted to the top 18 Inches of soil. Little 
If any horizontal migration of contaminants was observed. The primary 
contaminant was lead. The high lead levels were attributable to the past 
practice of burning polyester powder bags containing thin lead liners. 

<4> Iowa AAP <Appendix G>. Significant soils contamination was 
detected at the site but was limited to the top 18 Inches of soil. No 
vertical mlgration of contaminants was found. Significant horizontal 
migration of contaminants In the surface soils In conjunction with runoff 
from precipitation events was detected. The primary contaminants were TNT, 
ROX, HMX, and barium. 
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CS> Lake C\ty AAP <Append\x H>. Samples were only collected from 
1nact1ve OB s\tes. Contam\nat\on at these locat\ons was m\nimal. Ins\gn\f
icant horizontal or vertical contamination was detected. However, erosion 
of contaminated surface so\ls is a potential problem at the active OB s\te 
at Lake C\ty AAP. 

<6> Louisiana AAP <Appendix I>. Significant soils contamination 
was detected at the site but was l\mited to the top 18 Inches of so\l. 
Significant contamination also ex\sts \mmed\ately downgrad\ent of the s\te 
\n the top 18 \nches of so\l. Th\s contamlnat\on is most likely due to 
contaminated runoff leaking from the OB site catchment basin. The primary 
contaminants were TNT, ROX, and HMX. 

<7> Newport AAP <Appendix J). Contamination attributable to OB 
operat\ons was mln\mal. 

(8) Radford AAP <Append\x K>. Significant so\ ls contamination was 
detected at the s\te but was limited to the top 18 Inches of soil. The 
potential exists for contaminated surface soils to be transported laterally 
from the site via surface runoff. The primary contam\nants were TNT, 
2,4-DNT, and lead. 

<9> Seneca AD <Appendix L>. S\gn\flcant so\ls contamination was 
detected at one of three sampled OB facillt\es. Th\s contamination which 
occurred down to the ground-water table <last depth sampled>, was partially 
due to the existence of a burled OB site which was found 4 feet beneath the 
existing OB pad. Lateral migration of contaminants using the ground water 
as a transport medium was possible due to the shallow ground-water table \n 
the area. Contamination at the other sites was not considered to be 
s\gn\f\cant. Hor\zontal migration of contaminants due to surface runoff 
was not s\gn\f\cant. The pr\mary contaminants were lead and bar\um. 

(10) Sierra AD <Appendix M>. 
detected in the top 6 \nches of soils 
Past OB practices \n conjunction with 
possibility for contaminants to leach 
contaminants were lead ·and barium. 

Significant sol ls contamination was 
at the bases of the burning trenches. 
runoff problems increased the 
from burning res\dues. The primary 

Cll> Tooele AD <Appendix N>. Soils contam\nat\on at the OB site 
Is mln\mal. 

<12> Volunteer AAP <Appendix O>. S\gnlf\cant soils contamlnat\on 
probably exists at the OB site. This statement cannoi be made conclusively, 
because only a limited number of samples were collected from the soils near 
the surface, and these samples contained a wide range of concentrations of 
contaminants. What contamination Is present Is lim\ted to the top 18 Inches. 
Lateral surface migration of contaminants can be expected \n conjunct\on with 
runoff events. The primary contaminants were TNT, 2,6-DNT, and 2,4-DNT. 
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d. Interpretation of Results. A summary of the ftndtngs at the 
1ndtvtdual tnstallattons ts contatned tn Table 6. 

Cl> Extent of Contamtnatton. 

<a> Stgnificant soils contamlnatton was detected at the OB sites of 
9 of the 12 Installations included tn the summary. Soils at many of these 
sites contained concentrations of TEP metals which exceeded the applicable 
llmlts. Therefore, these soils were hazardous wastes. However, this 
contamination was limited to the top 18 Inches of soils at seven of these 
sites and only the top 6 Inches at an eighth tnstallatlon. Significant 
contamination at greater depths was only detected at one installation 
<Seneca AD>. The contamination at this facility at depths exceedlng 18 
inches was primarily due to a burled OB pad which was found 4 feet below 
the existing slte. 

Cb> Lateral subsurface migration of contaminants was confirmed at 
one tnstallatlon <Louisiana AAP>. wlth contaminants limited to the top 18 
tnches. Thts contamtnatton was prtmarily due to leakage from a catchment 
basin and not from migratton of contamtnants from OB operattons. Addition
ally, sampltng at Holston AAP and Seneca AD suggested that contamtnants 
could migrate laterally 1n low levels w1th ground water. 

<c> Significant contamination was detected at greater depths at 
one tnstallat1on, Seneca AO. Although some vertical m1grat1on of contami
nants was occurring at this s1te, th1s contamination was primarily due to 
the burled OB pad discovered at the site. Minimal migration was detected 
at Holston AAP. Vertical migration was also determfned to be possible at 
Sierra AD as a result of runoff considerations. 

(d) Runoff-related surface contamination was detected at three 
installations, and was estimated to be possible at two other locations. 
Migration of contaminants In this scenarto prtmartly occurs tn surface 
soils along dratnage channels. In some locations, the potenttal exists for 
significant contamination of downgradlent soils and/or surface waters 
through this avenue. 

<2> Most Frequently Detected Significant Contaminants. 

Ca> Metals. "Slgnificant 11 with respect to metals contaminaton was 
defined as exceeding the appltcable TEP ltmlt tn more than one sample, or 
detected In concentrations approaching these ltmits tn several samples. 
Significant levels of TEP lead were detected at five Installations. Soils 
from three Installations contained TEP barium In concentratlons considered 
to be significant. 

<b> Explosives. "Significant" with respect to explosives contamt
natlon was defined as exceeding the 1 ,000 µgig ltmlt In more than one 
sample, or detected In concentrations approachtng thts limit tn many 
samples. S1gntftcant concentrations of TNT were found In sotls collected 
from four Installations. Three explosives. 2,4-0NT, ROX, and HMX. were 
considered to be significant at three Installations. Finally, 2,6-0NT was 
found In signlftcant levels at two Installations. 
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e. Factors Affect1ng M1grat1on of Contam1nants. In general, contam1na
t1on at the studied s1tes was not very severe. However, several poss1ble 
factors which could affect the m1grat1on of contaminants are listed for each 
Installation 1n Table 6. Two observat1ons can be drawn from thls data. 
First, the only two 1nstallat1ons where vertical migration of contaminants 
was detected and lateral migration was poss1ble have very shallow ground 
water and s1gn1flcant excess prec1pttat1on. At Installations with deeper 
ground-water tables, the possibility exists that sufficient dilution, 
adsorption, b1odegradat1on, or chemical degradation of the contaminants ls 
occu;rlng before the contaminants can reach the ground water. At Installa
tions without considerable excess prec1p1tat1on, there Is not a sufficient 
driving force to cause migration of contaminants. The second observation 
ls that runoff-related problems are of primary concern at Installations 
with soils having low permeability. At these locations, the sol ls are 
sufficiently Impermeable that runoff, rather than lnf1ltrat1on, occurs 
during and after precipitation events. The design of the OB facility and 
the topography of the site are also critical factors In determining whether 
these runoff problems will occur. 

6. DISCUSSION OF OB SITE OPERATIONS. The Phase 3 report, reference 13, 
recommended that an extensive list of "good and poor 11 OB/OD operational 
practices be adopted. These practices are duplicated 1n Appendlx S. Some 
of the more Important operational practices include m1n1m1zlng the volume 
of waste to be burned by segregation, only burning PEP or PEP-contaminated 
wastes, not burning or disposing of liquids at the OB sites, controlling 
runon/runoff using diversion and drainage systems, performing OB activities 
In pans, collecting residues after each OB operation and testing them for 
hazardous waste characteristics, storing residues (pending test results> In 
RCRA-perrnltted storage facilities, and disposing of hazardous residues In 
RCRA-permltted hazardous waste facilities. This listing Is still felt to 
be appropriate for current OB/OD operations. Additionally, AMCCOM 
delineated what 1t felt to be acceptable open burning practices In 
reference 12. The acceptable operational practices listed In this latter 
reference are contained in the Phase 3 list. 

7. SITING OB/OD FACILITIES. The Phase 3 report, reference 13, contained a 
list of factors Involved In OB/00 site selection. This list Is duplicated 
1n Appendix T. This listing ls still felt to be appropriate for current 
OB/OD operations. One point to stress Is that the OB facilities at Holston 
AAP and Radford AAP are located within 100-year floodplains. These 
facilities can be relocated, sites can be raised above the flood level, or 
facilities can be designed so that all wastes and contaminants are removed 
prior to the advance of flood waters. Siting facilities under these 
circumstances can obviously lead to significant environmental Impacts If 
not properly addressed. Additionally, 40 CFR 265.382 <reference 7> of the 
RCRA regulations specifies the minimum distance from OB/00 operations to 
the property of others, as a function of the pounds of waste explosives 
treated. 
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8. DESIGN OF OB/OD FACILITIES. 

a. OB Fac111ties. 

(1) In a soon to be published po11cy statement, AMC will be requ1r-
1ng that OB of PEP wastes be conducted in conta1nment systems. The AMCCOM 
has proposed and 1s ut111zing a simplist1c design cons1st1ng of a trough 
made of re1nforced stainless steel and 11ned with firebr1ck. The trough 1s 
approwimately 2-feet high by 4-feet w1de by 10-feet long but can vary 1n 
size or in multiples to suit needs. The box 1s raised off the ground via 
p1pes to permit ground Inspection. The Intent of th1s design is to preclude 
all ground contact, thereby lessen1ng the chance for contamination from 
surface runoff or through infiltration of soils. Once the PEP wastes are 
burned, the residue will be collected, tested, and disposed of accordingly. 
Several installations have also devised a portable, wheeled top for the pans 
which can be easily rolled over the pan after a burn to keep out ra1n until 
the pan is cleaned. 

<2> A sizable workload also exists for large PEP-contaminated 
1tems, intended for flashing, for pub11c salvage or final d1sposal. Sections 
of p1pe, vessels, and other items pecul1ar to ammunition production and 
commerc1al items <to include over-the-road tra1lers> contam1nated with 
explosives must be disposed of. The OB burn pans obviously have size/ 
quant1ty 11m1tations. Other equipment to conta1n and burn these bulk PEP
contaminated wastes are currently under consideration. 

b. OD Facil1ties. Several exper1mental OD procedures are being tested 
to treat these extremely dangerous and sens1tive ordnance. 

9. FUTURE CONSIDERATIONS. 

a. Importance of Phase 5 Data. The summaries and interpretations made 
in this report are based upon analytical data from samples collected strictly 
from OB sites which have been in operation for many years. Typically, these 
operations have used antiquated practices based on few, 1f any environmental 
cons1derations. Some of the practices which have had the most severe 
potential environmental impact have Included conducting burning operations 
directly on exist1ng surface so1ls, treat1ng or d1spos1ng of wastes at the 
site which are not contaminated by explosives (including disposing of liquid 
wastes), and not providing adequate runon/runoff control. However, despite 
all of these omissions or inadequacies, the data presented in this report 
1ndicates that soils contamination at the--vast majoruy-of-the sites·-is 
11mited to the top 18 inches of soil, with little if any lateral or vertifal 
migrat1on of contaminants. In comparison, future OB operations for PEP 
wastes will be performed using environmentally-sound practices. The most 
important of these practices will be the use of OB pans wh1ch contain OB 
residues. By des1gn, these pans m1n1m1ze the possibility of contam1nants 
reaching the soils of the 1mmedlate area, and migrat1ng from the OB site. 
Therefore, the data and Interpretations presented in this report should be 
utilized to assess the environmental impact of past OB activities rather 
than of future activities. 
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b. OB Site Closure. As discussed above, the data presented 1n th1s 
report can be ut111zed to determine the environmental impact of past OB 
act1v1ties. Therefore, the Phase 5 data, as well as the supporting data in 
the field survey reports, can be utilized In the RCRA-regulated closure of 
these old s1tes. 

c. OD Site Data Versus OB Site Data. 

(1) All of the facilities discussed in this report conducted OB 
operations. Therefore, the Interpretations contained herein do not neces
sarl ly apply to OD operations. Phase 2 sampling results showed that OB 
operations created greater levels of contamination in surface soils than 
did OD operations. This is due to the inherent nature of OD activities, In 
which a substantial portion of the residual explosives and metals are either 
forced Into the subsoils, or propelled away from the Immediate vicinity of 
the OD site. The major portion of these residuals consists of large metal 
fragments or unexploded ordnance. These materials can be, and have been, 
easily removed from the surface soils. As such, little contamination 1s 
left behind at the OD site. However, the potential exists for small but 
very concentrated pockets of contamlnat1on to be created in the subso1ls 
beneath the site. Chunks of unexploded explosives or small metal shards 
would create a more significant environmental impact than would unexploded 
ordnances or large pieces of shrapnel, although any of these materials 
represent a potential Impact. Therefore, 1t could be concluded that 
although the surface contamination at OD sites ls less than that detected 
at OB sites, the subsurface contamination, In the form of small but 
concentrated "hot spots, 11 exist at OD facilities. 

<2> It should be noted that the majority of OD operations are 
conducted In arid or semiarid locations In the western half of the country. 
There are three major factors at these locations which act to minimize the 
migration of contaminants at these sites. These factors are having consid
erable excess of evaporation over precipitation, soils that are alkaline In 
nature, and ground water located a great distance below the ground surface. 
These same factors could act to minimize contaminant migration at OB sites 
as we 11 . 

10. CONCLUSIONS. 

a. Significant soils contamination was detected at the OB sites of 9 
of the 12 installations Included in this summary. How~ver, this contamina
tion was limited to the top 18 Inches of soils at e1ght of these s1tes. 
Contamination at greater depths at the ninth Installation was primarily due 
to the presence of a bur1ed OB pad at the ex1stlng s1te. 

b. At the only OB site where lateral subsurface migration of contami
nants was confirmed, this contamination was not due to OB operations. 
Lateral migration of contaminants with ground water was possible at two 
other s1tes. 
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c. Vertical migration of contaminants was detected at two OB s1tes and 
considered to be possible at a th1rd s1te. 

d. Runoff-related surface contamination was present or possible at OB 
faci11ties located at 5 of 12 installations sampled. In some locations, 
the potential exists for slgn1ficant contamination of downgradtent sot ls 
and/or surface waters through this avenue. 

e. The TEP metals most frequently detected at OB sites in significant 
concentr4tlons were lead and barium. 

f. The explosives most frequently detected at OB sites In significant 
concentrat1ons were, in order of decreasing frequency of detection, TNT, 
2,4~DNT, ROX, HMX, and 2,6-DNT. 

g. The only two installations where vertical migration of contaminants 
was detected and lateral migration was possible have very shallow ground 
water and significant excess precipitation. Contamination could be less of 
a problem at 1nstallatlons with ground water at greater depths due to 
dilution, adsorption, and degradation, and at 1nstallalons without excess 
prec1p1tatlon due to the lack of a driving force to cause contaminant 
migration. 

h. Runoff-related contamination problems are of primary concern at 
installations w1th soils having low permeab1llties. The des1gn of the OB 
facility and the topography of the site are also cr1tlcal factors 1n 
determining whether runoff problems will occur. 

t. The extens1ve list of 11 good and poor 11 OB/OD operational practices, 
presented 1n Appendix S, can be used to prevent or minimize health and 
environmental \mpacts. The most Important of these pract1ces include only 
burning PEP wastes, not burning liquids, controlling runon/runoff, using 
burning pans, collecting residues after each operation and testing them for 
hazardous waste characterist1cs, and storing and d1sposlng of residues 
properly. 

j. The OB/OD site selection guidelines, presented in Appendix T, can 
be used to relocate or select new OB/OD sites to minimize Impacts to human 
health and env1ronment. Facilities located within 100-year floodplains pose 
potentially severe environmental risks. 

k. The state-of-the-art OB facility design using burn1ng pans will 
prevent or minimize environmental contamlnat1on. 

1. The data and 1nterpretations presented in th1s report can be 
utilized to assess the env\ronmental impact of past OB activ\ties rather 
than of future act1v\t1es. 

18 



Phase 5, Hazardous Haste Study No. 37-26-0593-86, Mar 81 - Mar 85 

m. The data presented 1n th1s report, as well as the support1ng data 
1n the field survey reports, can be ut1llzed In the RCRA-regulated closure 
of the old OB sites. 

n. Although surface contamination at OD sltes ls less than that 
detected at OB sites, the OD sites are predicted to have subsurface 
contam1nat1on, 1n the form of small but concentrated "hot spots," whlch Is 
worse than the contam1nat1on found at the OB sltes. However, environmental 
cond1t1ons at most OD locations act to m1n1mlze contaminant m1grat1on. 

o. Only limited tox1c1ty testing of OB/OD residues and contaminated 
soils has been conducted. 

p. Based on the results of the Bureau of Mlnes react1v1ty test, It Is 
unlikely that the concentrations of explosives detected 1n OB/OD sells are 
reactive. However, 1t must be stressed that no reactivity tests have 
rece1ved official regulatory approval. 

q. The data contained In thls report ls suitable for use by the EPA as 
background Information to complete the RCRA Part B Permit Writers' Guidance 
Manual for OB/OD Facilities. 

11. RECOMMENDATIONS. The following recommendations are based on good 
environmental engineering practices. 

a. Develop a policy statement for OB/OD operations Incorporating the 
"good and poor" operational practices listed 1n Appendix S. 

b. Develop a policy statement concerning the use of the OB/OD site 
selection guidelines, patterned after the factors Involved 1n site selection 
contained In Appendix T, for establishing or relocating OB/OD facilities. 

c. Close, relocate, or upgrade those OB/OD facilities located In 
regulatory flood hazard areas. 

d. Use burning pans or other containment systems for OB of PEP wastes 
rather than conducting OB operations directly on the soil surface. 

e. Utilize the data presented In thls report, as well as the supporting 
data In the field survey reports, to aid the development of OB site closure 
plans. 

f. Initiate a research program to determine the chemical toxicity of 
OB/OD so'1 s. 

g. Present the data contained In this report to the EPA for use as 
background Information In completion of the RCRA Part B Permit Writers' 
Guidance Manual for 08/00 Fac1llt1es, and other Department of Defense 
activities which perform OB/OD operations. 
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12. TECHNICAL ASSISTANCE. Requests for serv1ces should be directed through 
appropriate command channels of the requesting act1v1ty to the Commander, 
US Army Env1ronmental Hygiene Agency, ATTN: HSHB-ES, Aberdeen Proving 
Ground, MO 21010-5422, w1th an Information copy furnished the Commander, 
US Army Health Services Command, ATTN: HSCL-P, Fort Sam Houston, TX 78234-
6000. The po1nt of contact for OB/OD-related projects at this Agency Is 
Mr. Michael E. Resch, P.E., AUTOVON 584-3651, commercial (301) 671-3651. 

APPROVED: 

~l/L~JJl,~f _ 
~EDERICK w. ~EC~ER 
LTC, MSC 
Chief, Waste D1sposal Engineering 

Olvlslon 

//fJiA211 f. ~L 
MICHAEL E. RESCH 
Environmental Eng1neer 
Waste Disposal Eng1neerlng Division 
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AAP 
AD 
AEC 
AMC 
AMC COM 
CFR 
CWP 
DA 
deflagrat1on 

detonat1on 

DESCOM 
disposal 

ONT 
DOD 
DOT 
EPA 
EP Toxicity 

EHI 
facility 

ground water 
HMX 

APPENDIX B 

ABBREVIATIONS AND DEFINITIONS 

Army Ammunition Plant 
Army Depot 
Atomic Energy Commlss1on 
US Army Mater1el Command 
US Army Armament, Munlt1ons and Chemical Command 
Code of Federal Regulations 
contaminated waste processor 
Depot Act1vlty 
A rapid chemical reaction In which the output of heat Is 
sufflclent to enable the reaction to proceed and be 
accelerated without Input of heat from another source. 
Deflagratlon ls a surface phenomenon, w1th reactlon 
products flowing away from unreacted material at subsonic 
velocity. The effect of a true deflagrat1on under 
confinement Is an explos1on. Confinement of deflagratlon 
may cause trans1t1on to detonat1on. 
A chemical reaction within a substance In which the 
transformat1on proceeds through the material faster than 
the speed of sound and produces a shock wave which ls 
orlg1nally of supersonic velocity. 
US Army Depot Systems Command 
The discharge, depos1t, Injection, dumping, spilling, 
leaking or placing of any solid waste or hazardous waste 
Into or on any land or water so that such solid or 
hazardous waste or any constituent thereof may enter the 
environment or be emitted Into the air or discharged Into 
any waters, includ1ng ground waters. 
dlnltrotoluene 
Department of Defense 
Department of Transportation 
US Environmental Protection Agency 
An extraction test to evaluate the leachablllty of eight 
different metals from a hazardous waste. These metals 
are arsenic <As>. barium <Ba>, cadmium <Cd), chromium 
<Cr), lead <Pb>, mercury <Hg>, silver (Ag>, and selenium. 
<Se). Synonymous with TEP. 
explosive waste Incinerator 
All contiguous land and structures, other appurtenances, 
and Improvements on the land used for treating, storing, 
or disposing of hazardous waste. For permitting 
purposes, a facility may consist of an entire Installa
tion or any part or combination of parts of that 
1nstallatlon where treatment, storage, or d1sposal 
operations are located <see OB grounds, OB area, and OD 
area>. 
water below the surface In a zone of saturation 
cyclotetramethylenetetranltram1ne 
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HPCL 
leachate 

LCSO 

MSL 
ND 
OB 

OB area 

OB grounds 
OD 

OD area 

PCB 
PEP 
RCRA 
reactlv1ty 

ROX 
TE COM 
TEP 
TNT 
treatment 

TTCL 
USAEHA 
USATHAMA 

H1gh Pressure L1qu1d Chromatography 
any llqu1d, 1ncluded suspended components \n the liquid, 
that has percolated through or drained from hazardous 
waste. 
concentration of a contaminant wh\ch 1s lethal to 50 
percent of the organisms used 1n the tox1c1ty test. 
mean sea level 
not detected 
open burning- the combustlon of any material without the 
following characteristics: 
(1) Control of combustion a\r 
(2) Containment of combustion reaction in an enclosed 
device. 
(3) Control of gaseous combustion product emissions. 
This definlt\on \ncludes open detonation. 
That area or portion of the facility where open burning 
operations are conducted. Synonymous w\th OB grounds 
Synonymous w\th OB area 
open detonation- the detonat\on of any mater\al w\thout 
control of airborne em1ss1ons 
That area or port\on of the fac111ty where open 
detonation operations are conducted 
polychlorlnated blphenyl 
pyrotechnlcs, explos\ves, and propellants 
Resource Conservation and Recovery Act of 1976 
A characterlst\c of solid waste whereby the waste ls: 
<l> Capable of detonation or explosion 1f subjected to 
a strong initiating source or lf heated under confinement 
<2> Readily capable of detonation or explosive decompo
sition or reaction at standard temperature and pressure 
cyclotr1methylenetrln1tramlne 
US Army Test and Evaluation Command 
Toxic Extraction Procedure. Synonymous with EP Toxicity 
trin\trotoluene 
Any method, technique, or process des\gn to change the 
chem\ cal, phys\cal, or biological character or composi
tion of any hazardous waste so as to recover energy or 
material resource from the waste, or to render such 
waste nonhazardous, or less hazardous, or safer to 
transport 
total threshold concentration 11m1t 
US Army Env\ronmental Hyglene Agency 
US Army Toxic and Hazardous Mater\als Agency 
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' 
APPENDIX D 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
BADGER ARMY AMMUNITION PLANT 

BARABOO, HISCONSIN 

1. ENVIRONMENTAL SETTING. 

a. General Physlography and Strat1graphy. 

Cl> Reg1onal. Badger AAP, located 1n Merr1mac and Sumpter 
townships, Sauk County, ~lsconstn, lies 1n the Eastern Lake sect1on of the 
Central Lowland Phys1ograph1c Province. The eastern two-th1rds of the 
lnstallat1on were under the dlrect 1nfluence of glac1al Ice, g1vlng rlse to 
undulat1ng topography, characterized by knob-and-kettle-type features. The 
glacial deposits 1n these areas are a comb1nat1on of strat1fled outwash 
deposits and glaclal till. The western third of the Installation 1s a flat, 
gravel outwash plain wh1ch ts underlain by strati fled sand and gravel, 
conta1n1ng m1nor silt and clay layers. The bedrock beneath Badger AAP 1s 
characterized by Precambr1an metamorph1c rock and Upper Cambr1an to 
Ordov1ctan sandstones, shales, and dolom1tes. 

<2> Local. The subso1ls beneath the OB ground cons1st of at least 
240 feet of unconsolidated, stratified outwash sand and gravel. Hlndblown 
deposits of s11ts Cloess> cover the sand and gravel and are from 2 to 10 
feet thick. A thin veneer of an organ1c-enrlched topsoil has developed on 
the loess. The topso11 conststs of a black to brown clay s11t, containing 
traces of f1ne to medium sand. 

b. Ground Hater. There are two major aqu1fers underlytng Badger AAP. 
The upper sand and gravel, or outwash, aqutfer and the underlytng sandstone 
aquifer. The outwash aquifer exhibits water-table conditions throughout 
the area. The depth to ground water In th1s aquifer's below-ground surface 
ranges between 83 to 111 feet. The sandstone aquifer Is also under 
watertable conditions throughout the majority of the plant area and ts 
hydraulically connected to the upper outwash aquifer. In some areas, 
however, the aqu1fer Is overlain by relat1vely Impermeable glacial t111 and 
Influenced by semlconftned conditions. Beneath the sandstone aqu1fer are 
Impermeable Precambr1an granites and quartzltes which mark the lower 11mit 
of ground-water movement. Ground-water flow Is pr1marlly to the south with 
the H1scons1n River be1ng the pr1mary 1nfluence on the ground-water flow 
d1rect1on. 

c. Prec1p1tat1on and Evaporation. The mean annual preclp1tatlon In 
the Badger AAP area 1s approx1mately 31 1nches. The mean annual lake 
evaporat1on In th1s v1c1n1ty Is approx1mately 29 1nches. 

2. OVERVIEH OF BURNING GROUND AND CONTAMINATED HASTE AREA. 

a. The burntng ground was located 1n the southwest sect1on of Badger 
AAP. It cons1sted of two pads, each 100 feet by 50 feet, and three shallow 
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refuse p1ts, each wtth a dtameter of approxtmately 40 feet. See Ftgure D-1 
for a map of the burntng ground. The burning pads had been used for the 
open-burntng of bulk propellants and smokeless powder. The refuse pits had 
been used for the open-burntng of containers In which explosive materials 
were delivered and stored. Stnce the closure of the burning ground In 
1983, the refuse pits had been ltned with plastic, ftlled with propellants, 
covered with soil, and seeded. 

h. The contaminated waste area was located approximately 500 feet 
northeast of the burning ground. As shown In Figure D-1, the waste area 
consisted of three large open p\ts 50 to 75 feet In diameter and 15 to 20 
feet deep, and a large burn area. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampltng Methodologies and Locations. See Appendix A, 
reference 15, for a detatled discussion of this Investigation. Phase 2 
sampltng was conducted on 26-28 April 1982. A total of 18 soil samples 
were collected from eight sites at burntng pad number one, and 15 samples 
were collected at etght sites at burntng pad number 2. Addlttonally, one 
sample was collected at each of the three refuse pits. Samples were 
compostted for the following depths-0 to 6 Inches, 6 to 18 inches, 
and 18 to 30 \nches. 

b. Phase 4 Sampltng Methodologies and Locations. See Appendix A, 
reference 16, for a detailed discussion of this investigation. Phase 4 
sampltng was conducted on 8-15 May 1984. 

Cl> Twelve bore holes were drilled on the burntng ground and 
contaminated waste area to a maximum depth of 50 feet. See Figure D-1 for 
the location of these boreholes. Eleven of the twelve bortngs were drilled 
In the burning ground area. Three of these were located directly on the 
two burn pads to determine vertical mtgratlon of explosives and metals. 
Another four bore holes were drilled within 100 ft east and west of the 
burning pads. The four remaining borings in the burning ground area were 
located tn the victnity of the three former refuse pits. Drilling into 
these ptts was not permitted by the installation stnce they had been ltned 
with plastic and filled with soil contaminated with propellants. Therefore, 
the bore holes were chosen at least 10 feet off the pits to avoid contact 
with the propellants or the ltners. The last hole was drilled in the 
center of the contaminated waste area to detect contamination from prevtous 
burning. 

<2> The sampling frequency used during this study was to take an 
tnitlal sample from the surface to 2 feet and then additional samples at 
approximately 5, 10, 20, 30, 40, and 50 feet. As a result, a total of 57 
samples were collected for use tn the Phase 5 report. Fifty feet was chosen 
as the depth limit, based on a combination of the capabilities of the drill 
rig and extensive literature on the geology and ground water in the area. 
The type of samples consisted of 2-inch Shelby tubes and 1-quart glass jars. 
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The jar samples were collected from 2-inch and 3-inch split-spoon sampling 
devices. Both Shelby tubes and the split-spoon samplers provided undis
turbed so11 samples; therefore, virtually no cross contamination was 
possible. A few samples were also collected from auger cuttings. This was 
done only when the other methods were not feasible due to the rocky subsoil. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables 0-1 through D-11, and Figures D-2 and 0-3. 

< IJ Metals. Lead was the only metal detected above the TEP llm1t, 
and then only In the 0- to 6-lnch samples. A total of 32 percent of these 
samples contained lead above the TEP limit. Lead was also the only metal 
detected below the TEP 11mlt. Th1s element was detected In one sample 
collected from the 6 to 18 Inch level. 

(2) Explosives. The only explosives found In concentrations 
greater than the 1 ,000 µg/g reactivity guideline were 2,6-DNT and 2,4-DNT. 
For both of these explos1ves, one 0- to 6-lnch sample and two 6- to 18-lnch 
samples exceeded the guideline. In addition, one 2,4-DNT sample In the 18 
Inch to 5-foot interval exceeded the guideline. These two compounds were 
also the explosives which were most often detected below the guideline. 
Overall. the frequency of detection for the explosives decreased from 84 
percent in the 0- to 6-lnch samples, to only 17 percent In the samples 
collected at the greatest depths. It should be noted that only trace 
levels were detected In samples collected from depths greater than 5 feet. 

d. Site Operations. No observations of Incorrect or abnormal site 
operations were made. 

4. CONCLUSIONS. 

a. As shown In Table D-11. 37 percent of soil samples collected from 
the top 6 Inches and 7 percent of samples, both from the 6- to 18-lnch 
interval and the 1-lnch to 5-feet level, exceeded applicable limits or 
guidelines. No samples collected at lower depths exceeded any criteria. 
The frequency of detection of contaminants at levels less than their 
criteria approached zero as sampling depth Increased. 

b. Significant soils contamination at the site is limited to the top 
18 Inches of subsoil. 

c. The primary contaminants were lead, 2,6-DNT, and 2,4-DNT. 
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TABLE D-1 INSTALLATION: BADGER AAP 

CONTAMINANT: EACH METAL EXCEPT PB 

TOTAL % 
ND < TEP LIMIT NO OR < > TEP ,[MIT TOTAL 

DEPTH # # % TEP LMT # % # % 
====================================================================== 
0-6" 19 100 0 0 100 0 0 19 
6-18" 27 100 0 0 100 0 0 27 
18"-5, 14 100 0 0 100 0 0 14 
5-10' 10 100 0 0 100 0 0 10 
10-20' 1 1 100 0 0 100 0 0 11 
20'+ 12 100 0 0 100 0 0 12 

TABLE D-2 INSTALLATION: BAOGER AAP 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# 

TOTAL 
# 

100 
LOO 
lOO 
l () 0 
100 
100 

====================================================================== 
0-6" 9 47 4 21 68 6 32 19 
6-18" 26 96 1 4 100 0 0 '2 7 
18"-5 I 14 100 0 0 100 0 0 14 
5-10' 10 100 0 0 100 0 0 10 
10-20' 1 1 100 0 0 100 0 0 1 L 
20'+ 12 100 0 0 100 0 0 12 

TABLE 0-3 INSTALLATION: BADGER AAP 

CONTAMINANT: HMX 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

100 
100 
100 
100 
LOO 
100 

====================================================================== 
0-6" 16 94 1 6 100 0 0 17 100 
6-18" 25 93 2 7 100 0 0 27 100 
18" -5' 14 100 0 0 100 0 0 14 100 
5-10' 9 90 1 10 100 0 0 10 100 
10-20' 9 82 ') 18 100 0 0 l l 100 .... 
20'+ 1 1 92 l 8 100 0 0 12 100 
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TABLE D-4 INSTALI.ATION: BADGER AAP 

CONTAMINANT: ROX 

ND 
TOTAL % 

< GUIDELINE ND OR < > GUIDELINE TOTAL 
DEPTH # # % GUIDLN # % # % 
====================================================================== 
0-6" 17 100 0 0 100 0 0 17 
6-18" 26 96 1 4 100 0 0 27 
18"-5' 13 93 1 7 100 0 0 14 
5-10' 9 90 l 10 100 0 0 10 
10-20' 11 100 0 0 100 0 0 1 1 
20'+ 12 100 0 0 100 0 0 12 

TABLE D-5 INSTALLATION: BADGER AAP 

CONTAMINANT: TETRYL 

ND < GUIDELINE 
DEPTH # 

# " 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

100 
100 
lOO 
100 
lOO 
100 

"' .. 
====================================================================== 
0-6" 17 100 0 0 100 0 0 17 
6-18" 27 100 0 0 100 0 0 •) ~ 

- I 

18"-5 I 14 100 0 0 100 0 0 14 
5-10' 10 100 0 0 100 0 0 10 
10-20' 1 1 100 0 0 100 0 0 1 1 
20'+ 12 100 0 0 100 0 0 12 

TABLE D-6 INSTALLATION: RADGER AAP 

CONTAMINANT: TNT 

ND 
DEPTH # % 

< GUIDELINE 
# 

., ,. 
TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE TOTAL 
# % 

100 
100 
100 
100 
100 
100 

., 
'0 

====================================================================== 
0-6" 14 82 3 18 100 0 0 17 100 
6-18" 26 96 1 4 100 0 0 27 100 
18"-5' 13 93 1 7 100 0 0 14 100 
5-10' 9 90 1 10 100 0 0 10 100 
10-20' 9 82 2 18 100 0 0 11 100 
20'+ 12 100 0 0 100 0 0 12 100 

0-G 



TABLE D-7 INSTALLATION: BADGER AAP 

CONTAMINANT: 2 I 6-DNT 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OH < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

====================================================================== 

0-6" 8 47 8 47 94 1 6 17 
6-18" 19 70 6 22 93 2 7 27 
18" -5 I 13 93 1 7 100 0 0 14 
5-10' 10 100 0 0 100 0 0 LO 
10-20' 1 1 100 0 0 100 0 0 11 
20'+ 12 100 0 0 100 0 0 12 

TABLE D-8 INSTALLATION: BADGER AAP 

CONTAMINANT: 2,4-DNT 

ND < GUIDELINE 
DF.PTH # # % 

TOTAL % 
ND OH < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

100 
100 
100 
100 
too 
100 

... ,. 
==:=======:=========================================================== 
0-6" 3 18 13 76 94 1 6 17 
6-18 .. 9 33 16 59 93 2 7 27 
18"-5' 8 57 5 36 93 1 7 14 
5-10' 8 80 ,, 20 100 0 0 10 ... 
10-20' 7 64 4 36 100 0 0 11 
20'+ 11 92 l 8 100 0 0 12 

TABLE D-9 INSTALLATION: RADGEH AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OH < 
GUIDLN 

> GUIDELINE TOTAL 
# % # 

100 
100 
100 
100 
100 
100 

.... 
• 

===================================================================~== 

0-6" 75 74 25 25 98 2 2 102 100 
6-18" 132 81 26 16 98 4 2 162 100 
18"-5' 75 89 8 10 99 l 1 84 100 
5-10' 55 92 5 8 100 0 0 f) 0 100 
10-20' 58 88 8 12 100 0 0 66 100 
20'+ 70 97 2 3 100 0 0 72 100 
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TABLE D-10 INSTALLATION: BADGER AAP 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# ., ,. 

====================================================================~= 

0-6" 142 93 4 3 96 6 4 152 
6-18" 215 100 1 0 100 0 0 216 
18 II -5 J 112 100 0 0 100 0 0 1 l 2 
5-10' 80 100 0 0 100 0 0 80 
10-20' 88 100 0 0 100 0 0 88 
20'+ 96 100 0 0 100 0 0 96 

TABLE D-11 INSTALLATION: BADGER AAP 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# % 

TOTAL % 
ND OR < 
LMT/GDL 

> TEP LIMIT 
OR GUIDELINE 

# % 
TOTAL 

# 

100 
100 
100 
100 
100 
100 

-·• --------------------------------------------------------------------------------------------------------------------------------------------
0-6" 3 16 9 47 63 7 37 19 100 
6-18" 7 26 18 67 93 '> 7 27 100 ... 
18" -5, 7 50 6 43 93 1 7 14 LOO 
5-10' 7 70 3 30 100 0 0 10 100 
10-20' 6 55 5 45 100 0 0 l l 100 
20'+ 10 83 2 17 100 0 0 12 100 
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Figure D-2. 
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Figure 0-3. 
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APPENDIX E 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
HOLSTON ARMY AMMUNITION PLANT 

KINGSPORT, TENNESSEE 

1. ENVIRONMENTAL SETTING. 

a. General Physiography and Strat1graphy. 

<l> Regional. Holston AAP 11es totally within the Tennessee 
section of the Valley and Ridge Phys1ographlc Province. The topography ls 
controlled by major structural trends which Is evident by the northwest to 
southeast strike of the valleys and ridges. The Installation ls primarily 
located on the Holston River flood plain. Area A lies In the flat flood
plain of the South Fork of the Holston River. This river flows diagonally 
across Area B, with the product1on plant occupying a point bar on the north 
s1de of the Holston R1ver meander. 

<2> Local. The OB area is located 1n Area B directly adjacent to 
the Holston River. Sot ls found In this locat1on are alluvial In nature, 
and range In texture from ftne sandy loams to silt loams with scattered 
lenses of clay loam. 

b. Ground Water. Ground-water flow beneath Area B Is south-southeast 
with its discharge point into the Holston River. Ground water 1s unconf1ned 
and found specific to the fluvlal sands and gravels at a depth of 8- to 
15-feet below the surface. 

c. Precipitation and Evaporation. The mean annual precipitation In 
the Holston AAP area ts approximately 44 Inches. The mean annual lake 
evaporation In this area Is approximately 32 Inches. 

2. OVERVIEW OF THE OPEN BURNING AREA. Open-burning of bulk waste munitions 
and other waste believed to be contaminated by explosive compounds at 
Holston AAP occurred on a 10-acre facility located at the south side of 
Area B, directly adjacent to the Holston River. Located In the 100-year 
flood plain, this site consists of two burn cages, two contaminated waste 
burning pads, and three bulk explosive burning pans. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 17, for a detailed discussion of this Investigation. Phase 2 
sampling was conducted on 16 and 17 June 1983. A total of 20 soil samples 
were collected from 13 locations at three active sites identified as Fields 
2, 3, and 4. Samples were composited for depths of from 0- to 6-lnches, 
and 6- to 18-inches. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 18, for a detailed d1scusston of this 1nvestigation. Phase 4 
sampl1ng was conducted dur1ng the per1od 5-16 November 1984. Seventy-f1ve 
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so11 samples were collected from 25 boreholes dr111ed w1th1n the OB area. 
The bor1ngs were made us1ng 4-1nch-outs1de-dlameter, hollow-stem auger to 
depths wh1ch ranged from 6 to 12 feet. Samples were collected at the 
surface and at 5-foot Intervals using a split spoon sampling device. 

c. Analytical Results of Sampl1ng Investigations. Analytical results 
are sunvnarlzed In Tables E-1 through E-9, and Figures E-1 and E-2. 

(1) Metals. No TEP metals were detected 1n any samples. 

<2> Explos1ves. The only explosives found In concentrations 
greater than the 1,000 µg/g reactivity guideline were ROX and HMX. A 
total of 29 percent of ROX 0- to 6-lnch samples exceeded the guideline, 
wh1le 21 percent of HMX samples from this Interval exceeded this concentra
tion. Additionally, one 18-lnch to 5-foot sample contained concentrations 
of both of these explos1ves above the gu1dellne. Burled open-burning 
residue was found In this latter sample, suggest1ng that the contamination 
found here was representative of surface samples rather than samples 
collected of und1sturbed subsoils. ROX and HMX were also the explosives 
which were most often detected below the guideline, w1th TNT and 2,6 ONT 
detected at lower frequenc1es. Overall, the frequency of detect1on for the 
sum of explosives decreased from 42 percent In the 0- to 6-1nch samples. to 
16 percent In the 6- to 18-1nch samples, to 0 percent 1n samples collected 
from 10 to 20 feet below the surface. Detailed analyses of Individual 
bor1ngs 1ndlcated that some migration of the explos1ves was occurring In a 
vert1cal direction unt11 the contaminants reach a saturated zone. Horizontal 
mlgrat1on at the water table at one location was observed. This scenario 
suggests that m1grat1-0n of explos1ves In ground water to the Holston River 
1s possible. 

d. Site Operations. It has been suggested that at least a portion of 
the contamination at the OB area could be due to spillage In connection with 
the handling of the waste bulk explosive compounds and runoff of the unburnt 
compounds from the burn areas. 

4. CONCLUSIONS. 

a. As shown In Table E-9, 36 percent of samples collected from the top 
6 Inches of soil exceeded the applicable guideline, as did one sample from 
the 6- to 18-1nch horizon. All samples from this level contained detectable 
concentrations of contaminants. As discussed above, the only sample 
collected at a lower depth which contained contaminants 1n excess of guide
lines or TEP 11mits would more appropriately be considered as a surface 
soil. The frequency of detection of contaminants at levels less than their 
cr1terla reached zero as sampling depth Increased. 

b. Results obtained from some locations suggest trace levels of 
explosives were mlgrat1ng vertically down to saturated zones, from which 
point horizontal migration w1th the ground water 1s pred1cted. 

c. The primary contaminants were ROX and HMX. 
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TABLE E-1 INSTALLATION: HOLSTON AAP 

CONTAMINANT: EACH METAL 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

., 
·'O 

====================================================================== 
0-6" 14 100 0 
6-18" 31 100 0 
18"-5 I 26 100 0 
5-10' 22 100 0 
10-20' 2 100 0 

TABLE E-2 

CONTAMINANT: TETRYL, 2,4-DNT 

ND < GUIDELINE 
DEPTH # # % 

0 
0 
0 
0 
0 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
3 l 
26 
22 

2 

100 
100 
100 
100 
100 

INSTALLATION: HOLSTON AAP 

> GUIDELINE TOTAL 
# " # 

====================================================================== 
0-6" 14 100 
6-18" 31 100 
18"-5 I 26 100 
5-10' 22 100 
10-20' 2 100 

TABLE E-3 

CONTAMINANT: HMX 

ND 
DEPTH # 

0 
0 
0 
0 
0 

< GUIDELINE 
# % 

0 
0 
0 
0 
0 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
3 l 
26 
22 

2 

100 
100 
100 
100 
100 

INSTALLATION: HOLSTON AAP 

> GUIDELINE 
# % 

TOTAL 
# 

., 
'O 

====================================================================== 
0-6" 0 0 11 
6-18" 17 55 14 
18" -5 I 22 85 3 
5-10' 21 95 l 
10-20' 2 100 0 

79 79 
45 100 
12 96 

5 100 
0 100 
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3 
0 
1 
0 
0 

21 
0 
4 
0 
0 

14 
31 
26 
22 

2 

100 
100 
100 
100 
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TABLE E-4 

CONTAMINANT: RDX 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUJDLN 

INSTALLATION: HOLSTON AAP 

> GUIDELINE 
# % 

TOTAL 
# 

====================================================================== 
0-6" " 0 10 71 v 

6-18" 19 61 12 39 
18"-5' 21 81 4 15 
5-10' 20 91 2 9 
10-20' 2 100 0 0 

TABLE E-5 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # 

# " 

71 
100 

96 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

4 29 14 L 0 0 
0 0 3 1 100 
1 4 26 100 
0 0 2~ 100 
0 0 2 100 

INSTALLATION: HOLSTON AAP 

> GUIDELINE 

# " 

TOTAL 
# ... .. 

================================================================:=~==~ 

0-6" 1 l 
6-18" 27 
18"-5' 24 
5-10' 20 
10-20' 2 

TABLE E-6 

CONTAMINANT: 

DEPTH # 

79 
87 
92 
91 

100 

3 
4 
2 
2 
0 

2,6-DNT 

ND < GUIDELINE 
# 

21 
13 

8 
9 
0 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

l ·'l 
31 
26 
22 

2 

100 
100 
100 
100 
100 

INSTALLATION: HOLSTON AAP 

> GUIDELINE 
# % 

TOTAL 
# o, .. 

====================================================================== 
0-6" 10 71 4 29 100 0 0 14 100 
6-18" 31 100 0 0 100 0 0 3 l 100 
18"-5. 26 100 0 0 100 0 0 26 100 
5-10' 21 95 1 5 100 0 0 22 100 
10-20' 2 100 0 0 100 0 0 2 100 
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TABLE E-7 INSTALLATION: HOLSTON AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

TOTAL % 
ND < GUIDELINE ND OR < > GUID~LINF. TOTA I. 

DEPTH # # % GUIDLN # % # % 
====================================================================== 
0-6" 49 58 
6-18" 156 84 
18"-5' 145 93 
5-10' 126 95 
10-20' 12 100 

28 
30 

9 
6 
0 

33 
16 

6 
5 
0 

92 
100 

99 
100 
100 

7 
0 
2 
0 
0 

8 
0 
1 
0 
0 

84 
186 
156 
132 

12 

100 
100 
100 
100 
100 

TABLE E-8 INSTALLATION: HOLSTON AAP 

CONTAMINANT: SUM OF METALS DATA 

TOTAL % 
ND < TEP LIMIT ND OR < > TEP LIMIT TOTAL 

DEPTH # # % TEP LMT # % # % 
====================================================================:= 
0-6" 112 100 
6-18" 248 100 
18"-5, 208 100 
5-10' 176 100 
10-20' 16 100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

112 
248 
20R 
176 

16 

100 
100 
100 
100 
100 

TABLE E-9 INSTALLATION: HOLSTON AAP 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# % 

TOTAL % 
ND OR < 
LMT/GDL 

< TEP LIMIT 
OR GUlDELINE 

# % 
TOTAL 

# 

====================================================================== 
0-6" 
6-18" 
18" -5 J 

5-10' 
10-20' 

0 
16 
19 
18 

') .. 

0 
52 
73 
82 

100 

9 
14 

6 
4 
0 

64 
45 
23 
18 

0 

E-5 

64 
97 
96 

100 
100 

5 
1 
1 
0 
0 

36 
3 
4 
0 
0 

14 
31 
26 
22 

2 

100 
100 
100 
100 
100 
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APPENDIX F 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
INDIANA ARMY AMMUNITION PLANT 

CHARLESTOWN, INDIANA 

1. ENVIRONMENTAL SETTING. 

General Physiography and Stratigraphy. 

(1) Regional. Indiana AAP ls located along the Ohio River tn the 
Muscatuck Regional Slope unit of the Interior Lowlands physiographic 
province. The lnstallatlon lles on the west flank of the Cincinnati Arch 
with the Illinois Basln to the southwest. Limestones and shales of the 
Paleozoic Era underlie the lnstallatlon. Sinkholes, springs, and solution 
channels are commonly encountered. These stones are ln turn covered by a 
thln layer of Illlnolan glacial till. A narrow floodplain terrace exists 
along the Chlo River where deposits of unconsolidated material from the 
glacial and recent periods overlie the carbonate rock. 

<2> Local. The OB grounds are situated on a limestone bluff about 
200-feet above the Ohio Rtver. The topography of the bluff ls relatively 
level to slightly rolling, with surface waters generally flowing southward. 
Solls at the site are primarily silty clays, with stlty sands and "fat" 
clays also present In minor amounts. The sotl mantle averages 5 feet In 
thickness beneath the powder burn area. Soils exhibited a low permeability, 
resulting In runoff being more s1gn1ftcant than 1nflltrat1on during 
precipitation events. 

b. Ground Water. Ground water Is not usually found tn the soil mantle 
above the bedrock, unless the soil contacts a saturated rock fracture. 
Ground water ts found ln the bedrock at about 100-200 feet In depth. 

c. Precipitation and Evaporation. The mean annual precipitation In 
the vicinity of Indiana AAP 1s approximately 43 Inches. The mean annual 
lake evaporation 1n this area ts approximately 35 Inches. 

2. OVERVIEW OF THE OPEN BURNING AREA. There are two active OB areas at 
Indiana AAP located along the east-central border of the tnstallatton. The 
powder burn area burns bulk powder and Igniter mtx. As shown tn Figure 
F-1, this stte contains two acttve burn areas. The flashing area Is used 
to burn out large explosives-contaminated ptpes and metal containers to an 
explosive-free condition for salvage. Since samples from the flashing area 
were not collected durtng both slte tnvestlgatlons, only analytical results 
from the powder burn area are discussed below. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 19, for a detailed discussion of this Investigation. Phase 2 
sampling was conducted In February 1982. A total of 23 sample were 
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collected from 13 locat1ons at the powder burn area. Samples were 
compos1ted for depths of from O to 6 inches, and 6 to 18 inches. 

b. Phase 4 Sampling Methodolog1es and Locat1ons. See Append1x A, 
reference 20, for a detailed d1scussion of this lnvest1qatlon. Phase 4 
sampling was conducted during the per1od 27 September to 3 October 1983. 
Subsurface borings were performed at 21 locat1ons In the vicinity of the 
powder burn area. N1ne of these borings were with1n or very near the 
active burn areas. A total of 25 samples were collected from these borings. 
The remaining 12 borings <21 samples) were s1tuated away from the burn 
areas. The major1ty of these samples were collected at depths of less than 
5 feet. 

c. Analytical Results of Sampling Invest1gatlons. Analytical results 
are summarized in Tables F-1 through F-20, and Figures F-2 through F-5. 

Cl> Metals. Lead was the only metal detected in any sample. In 
samples collected within the site, all samples from the 0- to 6-inch horizon 
exceeded the TEP lim1t for lead, 59 percent of samples from the 6- to 
18-inch level exceeded th1s 11mlt, as did 9 percent Cone sample> from the 
18-inch to 5-feet level. Lead was not detected in 82 percent of the samples 
collected from this latter level; lead was not detected in any samples 
collected at greater depths. In samples collected away from the present 
burning site, none exceeded the TEP limit. However it should be noted 18 
percent of samples from the 6- to 18-inch horizon contained detectable 
quantities of lead; lead was not detected in any samples collected at 
greater depths. S1nce th1s pattern roughly parallels that found in samples 
with1n the present OB site, it ls possible that th1s contamination Is due 
to previous burning act1vltles at these locations rather than being due to 
migration of contaminants. The h1gh lead levels were attributable to the 
past practice of burning polyester powder bags containing thin lead liners. 

<2> Explosives. No explos1ves were found 1n concentrations 
exceeding the 1,000 µg/g reactivity guideline. Explosives most often 
detected were 2,4-DNT and 2,6-DNT. Although these compounds were found in 
most of the samples collected at depths less than 18 Inches wlth1n or near 
the OB site, concentrations detected In the vast majority of these samples 
did not exceed 10 µg/g. A small percentage of samples collected within 
the OB area from the 0- to 6-lnch horizon also contained detectable 
quantities of TNT and ROX. The percent of samples in which explosives were 
not detected increased to 100 with depth. It should be noted that of 
samples collected away from the OB site, 2,4-DNT was detected In 55 percent 
of the samples from the 6- to 18-inch level. As discussed In the previous 
paragraph, this contamination ts probably due to past boring activities at 
these sites rather than migration of contaminants. 

d. Site Operations. The high lead levels found near the surface were 
attributable to burning lead-lined powder bags. However, this practice has 
ceased. 
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4. CONCLUSIONS. 

a. For samples collected w\thin or near the OB site <see Table F-19), 
100 percent of samples collected from the top 6 1nches contained contami
nants which exceeded applicable limits or guidelines, as did 59 percent of 
samples from the 6- to 18-lnch horizon. Only one sample from the 18-lnch 
to 5-feet level exceeded these limits or guidelines. Lead, the only 
parameter exceeding a llmit/gu1deline, was attributable to a practice wh1ch 
has since been eliminated. 

b. No samples collected away from the OB site contained contamlnants 
which exceeded appllcable limits or guidelines. The contaminants detecting 
less than the 11mits/gu\del\nes were most probably attributable to past OB 
activities rather than horizontal migration of contam1nants. 

c. Contaminat1on 1s basically confined to the upper 2 feet of soil, 
w1th little, \f any, horizontal migration. 

d. The primary contaminant was lead. 
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TABLE F-1 INSTALLATION; INOIANA AAP 

CONTAMINANT: EACH METAL EXCEPT PB SAMPLES WITHIN/NEAR OB SITE 

TOTAL % 
ND < TEP LIMIT ND OR < > TEP LIMIT TOTAL 

DEPTH # # % TEP LMT # % # % 
====================================================================== 
0··6" 1 " J.V 100 0 0 
6-18" 22 100 0 0 
18"-5' 11 100 0 0 
5-10' 3 100 0 0 
10-20' 2 100 0 0 

TABLE F-2 

CONTAMINANT: EACH METAL EXCEPT PB 

ND < TEP LIMIT 
DEPTH # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 lO 100 
0 0 22 100 
0 0 I l 100 
0 0 3 100 
0 0 2 LOO 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
# % 

TOTtif. 
# 

., .. 
=====================================================================~ 

0-6" 
6-18" 11 100 0 
18" -5 J 8 100 0 
5-10' 2 100 0 
10-20' 

TABLE F-3 

CONTAMINANT; PB 

ND < TEP LIMIT 
DEPTH # 

0 
0 
0 

100 
100 
100 

TOTAL % 
ND OR <. 
TEP LMT 

0 
0 
0 

0 
0 
0 

0 
l l 

8 
2 
0 

100 
100 
100 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT TOTAL 
# % # % 

========:==================================================~========== 

0-6" 0 0 0 0 0 10 100 10 100 
6-18" 2 9 7 32 41 13 59 ') ') .__ 100 
18"-5' 9 82 1 9 91 1 9 1 1 100 
5-10' 3 100 0 0 100 0 0 3 100 
10·-20' 2 100 0 0 100 0 0 ') 100 
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TABLE F-4 

CONTAMINANT: PB 

ND 
DEPTH # % 

< TEP LIMIT 
# % 

TOTAL % 
ND OH < 
TEP LMT 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OH SITE 

> TEP LIM1T 
# % 

TOT/\!. 
# 

===================================================================~== 

0 -6" 
6-18" 9 82 ') 18 ... 
18"-5 I 8 100 0 0 
5-10' 2 100 0 0 
10-20' 

TABLE F-5 

CONTAMINANT: ROX 

ND < GUIDELINE 
DEPTH # # % 

100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 0 1 l 100 
0 0 8 100 
0 0 ') 100 '-

0 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 

# " 

TOTAL 
# o,, 

• 
====================================================================== 
0-6" 9 90 
6- l 8" 22 100 
18" - 5 I 11 100 
5-10' 3 100 
10-20' 2 100 

TABLE F-6 

CONTAMINANT: ROX 

ND 
DEPTH # 

1 
0 
0 
0 
0 

10 
0 
0 
0 
0 

< GUIDELINE 
# % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

10 
2:2 
11 

3 

100 
100 
100 
L 0 0 
LOO 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OR SITE 

> GUIDELINE TOTAL .. ., 
,.. '0 # % 

==========================================================~=========== 

0-6" 0 
6-18" 1 1 100 0 0 100 0 0 l l 100 
18" -5 I 8 100 0 0 100 0 0 8 100 
5-10' 2 100 0 0 100 0 0 •) lOO 
10-20' 0 
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TABLE F-7 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # # '~ 

TOTAI. % 
ND OR < 
GUIDLN 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SlTE 

> GUI >ELINE 
# % 

TOTAL 
# 

=======================================================~=============~ 

0-6" 8 80 2 20 
6- 18" 22 100 0 0 
1 8 " - 5 ' 11 100 0 0 
5-10' 3 100 0 0 
10-20' ') 100 0 0 .... 

TABLE F-8 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # # ~ 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GU ID LN 

0 0 10 100 
0 0 22 100 
0 0 I l 100 
0 0 .-, LOO J 

0 0 ') 100 

INSTALLATION: INDIANA AAf' 

SAMPLES AWAY FROM OB S[TF. 

> GUIDELINE TOTAL 
# ,. # 

==================================================================·==~= 

0 -6" 
6-18" 11 100 
18" -5. 8 100 
5-10' 2 100 
l0-20' 

TABLE F-9 

CONTAMINANT: 2,6-DNT 

ND 
DEPTH 

0 
0 
0 

< GUIDELINE 
# .... 

·0 

0 
0 
0 

100 
100 
100 

TOTAL % 
ND OR \ 
GU ID LN 

0 
0 0 11 100 
0 0 8 lOO 
0 0 2 100 

0 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 
# 0, 

• 
TOTAL 

.... .. 
====================================================================== 
0-6" 8 80 2 20 100 0 0 lO 100 
6 - 18" 13 59 9 41 100 0 0 22 100 
18"-5' 8 73 3 27 100 0 0 1 l 100 
5-10' 3 100 0 0 100 0 0 3 100 
10-20' 2 100 0 0 100 0 0 2 100 
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TABLE F-10 

CONTAMINANT: 2, 6-DNT 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: INDlANA AAP 

SAMPLES AWAY FROM OR SITE 

> GUIDELINE TOTAL 
# % # 

===========================================================~===~====~= 

0-6'' 
6-18" 11 100 0 0 
18"-5' 8 100 0 0 
5-10' 2 100 0 0 
10-20' 

TABLE F-11 

CONTAMINANT: 2,4-DNT 

ND < GUIDELINE 
DEPTH # % # ~, 

100 
100 
100 

TOTAL % 
ND OH < 
GUIDLN 

0 
0 0 ll lOU 
0 0 8 LOO 
0 0 ., L 0 0 ... 

0 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 
# ~. 

TOTAL 
# O• 

'0 

====================================================================== 
0-6" 
6-18'' 
18"-5' 
5-10' 
10-20' 

TABLE F-12 

2 
4 
7 
3 
2 

20 
18 
64 

100 
100 

CONTAMINANT: 2,4-DNT 

ND 
DEPTH # % 

8 
18 

4 
0 
0 

80 
82 
36 

0 
0 

100 
100 
100 
100 
100 

TOTAL ~ 

< GUIDELINE NU OH < 
# % GUIDLN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

10 
:2 2 
l l 

3 
2 

100 
100 
100 
100 
100 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OB SITE 

> GU CDELINE TOTAL 
# % 

================================================================~==~=~ 

0 -6 II 
6-18" 

• 18" -5' 
5-10' 
10-20' 

5 
8 
l 

45 
100 

50 

6 
0 
1 

55 
0 

50 

100 
100 
100 
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TABLE F-13 

CONTAMINANT: TETRYL AND HMX 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: INDTANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 
# % # 

TOTAL ., . 
=====================================================~================ 

0-6" 10 100 0 0 
6-18" 22 100 0 0 
18 "-5. 1 1 100 0 0 
5-10' 3 100 0 0 
10-20' 2 100 0 0 

TABLE F-14 

CONTAMINANT: TETRYL AND HMX 

ND < GUIDELINE 
DEPTH # # ,. 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

10 
22 
l 1 

3 
2 

100 
LOO 
L 0 0 
100 
100 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OB SCTF. 

> GUIDELINE 
# % # 

TOT/I.I. ., 
·• 

=========================================;========================:~== 

0-6" 
6-18" 1 1 100 0 0 100 
18"-5. 8 100 0 0 100 
5-10' 2 ·100 0 0 100 
10-20' 

TABLE F-15 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH # 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 0 1 L 100 
0 0 8 100 
0 0 2 100 

0 

INSTALLATION: INDT1NA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE TOTAL 
# 

====================================================================== 
0-6" 47 78 13 
6-18" 105 80 27 
18"-5, 59 89 7 
5-10' 18 100 0 
10-20' 12 100 0 

22 100 
20 100 
11 100 

0 100 
0 100 

F-9 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

60 
132 

66 
18 
12 

100 
100 
100 
100 
100 



TABLE F-16 INSTALLATION: INDIANA AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA SAMPLES AWAY FROM OB SITE 

ND 
DEPTH # 

TOTAL % 
< GUIDELINE ND OR < 

# % GUIDLN 
> GUIDELINE TOTAL 

# % # % 
====================================================~================= 

0-6" 
6-18" 60 91 6 9 
18"-5 I 48 100 0 0 
5-10' l l 92 1 8 
10--20 I 

TABLE F-17 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # # % 

100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 0 66 L 0 0 
0 0 48 100 
0 0 12 100 

0 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT 
# % 

TOTAL 
# .... 

0 

====================================================================== 
0-6" 70 
6- 18" 156 
18"-5' 86 
5-10' 24 
10-20' 16 

TABLE F-18 

88 
89 
98 

100 
100 

0 
7 
1 
0 
0 

0 
4 
1 
0 
0 

CONTAMINANT: SUM OF METALS DATA 

ND 
DEPTH # % 

< TEP LIMIT 
# o,. 

88 
93 
99 

100 
100 

TOTAL % 
ND OR < 
TEP LMT 

10 
13 

1 
0 
0 

13 
7 
1 
0 
0 

fl 0 
176 

88 
24 
16 

100 
100 
100 
100 
100 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
# 

TOTAL 
o
'• 

==========================================================~=======~=== 

0-6" 0 
6-18" 86 98 2 2 100 0 0 88 100 
18" -5. 64 100 0 0 100 0 0 64 100 
5-10' 16 100 0 0 100 0 0 16 100 
10-20' 0 
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TABLE F-19 

CONTAMINANT: SUMMARY FOR ALL 
CONTAMINANTS 

< TEP LIMIT 
ND OR GUIDELINE 

DEPTH # % # % 

TOTAL % 
ND OR ' 
LMT/GDL 

INSTALLATION: INDIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT 
OR GUIDELINE 

# % 
TOTAL 

# ~, 

=====================================================================~ 

0-6" 0 
6-18" 0 
18"-5' 7 
5-10' 3 
l0-20. 2 

TABLE F-20 

CONTAMINANT: 

DEPTH # 

0 0 
0 9 

64 3 
100 0 
100 0 

SUMMARY FOR ALL 
CONTAMINANTS 

0 
41 
27 

0 
0 

< TEP LIMIT 
ND OR GUIDELINE 

% # % 

0 
41 
91 

100 
100 

TOTAL % 
ND OR < 
LMT/GDL 

10 100 10 lOO 
13 5~ 22 100 

1 9 11 100 
0 0 3 l 0 0 
0 0 2 1()0 

INSTALLATION: INDIANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
OR GUIDELINE 

# 
TOTAL 

# <\.·• 
====================================================================== 
0-6" 0 
6- l 8" 5 45 6 55 100 0 0 l l 100 
18"-5. 7 88 1 13 100 0 0 B 100 
5-10' 2 100 0 0 100 0 0 2 100 
10-20' 0 
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Figure F-4. 
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Figure F-5. 
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APPENDIX G 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
IOHA ARMY AMMUNITION PLANT 

MIDDLETOWN, IOHA 

1. ENVIRONMENTAL SETTING. 

a. Sells. The sol ls at the Iowa AAP burnlng grounds were generally 
char~cterlzed as lnorganlc silty clays wlth low to moderate plastlclty. 
These sells are classlfled as "CL" under the Unlfled Soll Classlflcatlon 
System. Standard tests performed by thls Agency's soils laboratory 
provided permeablllty data for these soils ranging from 1 .4 x 10- 1 cm/sec 
to 8.5 x lo-• cm/sec. The mean value of permeability for those soils 
tested was 5.07 x 10-• cm/sec, which ls considered to be a practically 
Impermeable soil. 

b. Ground Hater. Five of eight borings at the OB site Intercepted the 
ground-water table. The depth to ground water varied from 4 to 17 feet at 
these locations. Reglonal ground-water flow Is to the southeast. 

c. Precipitat1on and Evaporation. The mean annual preclpltatlon for 
the Iowa AAP area ls approximately 35 lnches. The mean annual lake evapora
tion ls approximately 35 Inches. 

2. OVERVIEW OF THE OPEN-BURNING AREA. 

a. Background. Open-burning operations at Iowa AAP were conducted In 
an area of approximately 12 acres located In the northeastern sector of the 
lnstallatlon. Burnlng of waste ammunltlon began around 1953 at the same 
time lnltlal actlvltles of the AEC commenced at Iowa AAP. The earthen berms 
surroundlng the burn pads were constructed ln 1955. The AEC dlsposed of 
waste TNT at the burnlng ground until July 1973 when that organization began 
to curtail operations at Iowa AAP. The Installation continued to use the 
burning ground regularly until 31 December 1981. After that date, open 
burning was allowed by the State of Iowa only on a case-by-case basis. 
Since 31 December 1981, open-burning events have occurred twice and have 
involved oversized contaminated metal Items that were too large for the Iowa 
AAP contaminated waste processor to handle. Burning of waste explosive 
material was accomplished by spreading 15-pound felt <tar paper) over the 
burning pads and spreading explosive on the felt. The explosive was ignited 
by remote control and monitored by personnel stationed In a bunker approxi
mately 150 yards to the west of the burning grounds. 

b. Physical Description. As shown In Figure G-1, the OB ground 
presently consists of 8 raised burning pads, approximately 150 feet by 10 
feet each, bermed on three sides. A collection ditch drains runoff In a 
southwesterly dlrectlon. 
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3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 21, for a detailed discussion of this Investigation. Phase 2 
sampling was conducted on 20-22 April 1982. A total of 24 samples were 
collected at 12 locations within or very near the OB site. Samples were 
composited for depths of from O to 6 Inches, and 6 to 18 Inches. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 22, for a detailed discussion of this Investigation. Phase 4 
sampling was conducted during the period 30 April to 4 May 1984. Eight 
boreholes were drilled In the vicinity of the OB grounds. Two boreholes 
<7 samples> were located within the OB site. The remaining six boreholes 
<22 samples> were located nearby. The borehole depths varied from 15 to 25 
feet. In each borehole the first sample was taken at a depth of 4 to 6 
feet. Subsequent samples were taken at Intervals of 5 feet until either 
the water table or refusal was encountered. Additionally, 19 sediment 
samples were collected from drainage ditches leading away from the OB site. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables G-1 through G-22, and Figures G-2 through G-5. 

<l> Metals. No metals exceeded applicable TEP limits. Barium was 
the only metal detected at concentrations less than the TEP limits. Of the 
samples collected within the OB site, 25 percent of samples collected from 
the 6- to 18-lnch level contained detectable barium. A total of 33 percent 
of drainage samples also contained barium. 

<2> Explosives. 

<a> Samples Within/Near the OB Site. Twenty-five percent of the 
samples from the 0- to 6-lnch and 6- to 18-lnch levels contained TNT which 
exceeded the 1 ,000 µg/g reactivity guideline. No other explosives 
exceeded this guideline In any sample. ROX, HMX, TNT, and 2,4-0NT were 
detected at concentrations less than the guideline in virtually all samples 
collected from the top 18 Inches of soil. Many of the ROX, HMX, and TNT 
concentrations were significant, whereas only trace levels of 2,4-DNT were 
found. Explosives were detected In only a small number of samples collected 
below 18 Inches in depth. 

(b) Samples Away from the OB Site. No explosives were detected In 
samples collected below the surface. TNT exceeded the 1,000 µg/g guideline 
in 38 percent of drainage samples, while HMX exceeded this guideline In 10 
percent of these samples. The vast majority of these samples contained 
detectable quantities of ROX, HMX, and TNT. Many of these concentrations 
were great enough that the sum of the concentrations of all the explosives 
In a given sample exceeded the l ,000 µg/g guideline In 12 of 21 samples. 
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d. Site Operations. No observations of Incorrect or abnormal site 
operations were made. As discussed In paragraph 2a of this Appendix, the 
OB area Is 1nactlve, with the facility being used on a case-by-case basis 
with the approval of the State of Iowa. 

4. CONCLUSIONS. 

a. As shown 1n Table G-21, of samples collected within the OB area, 38 
percent of samples from the 0- to 6-lnch level and 25 percent from the 6- to 
18-111ch level contained contaminants which exceeded any applicable limit or 
guideline. Explosives were detected ln all samples collected above a depth 
of 18 Inches but were detected 1n only 29 percent of samples from lower 
depths. 

b. As shown In Table G-22, a total of 57 percent of drainage samples 
<away from the OB site> exceeded the reactivity guideline; explosives were 
detected 1n all of these samples. No other samples away from the OB site 
contained detectable levels of contaminants. 

c. Significant sol ls contamination was detected at the site but was 
11m1ted to the top 18 Inches of soil. 

d. The minute concentrations of contaminants found In borehole samples 
collected below 18 Inches In depth, coupled with the practically Impermeable 
soils beneath the OB site Indicate that there Is virtually no vertical 
migration of contaminants. 

e. Significant horizontal migration of contaminants <particularly 
explosives) was observed. This migration, limited to surface soils, was 
found to be I~ conjunction with runoff from precipitation events. 

f. The primary contaminants were TNT, ROX, HMX, and barium. 
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TABLE G-1 

CONTAMINANT: BA 

ND < TEP LIMIT 
DEPTH # # ,. 

TOTAL % 
ND OR < 
TEP LMT 

INSTALLATION: IOWA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT TOTAL 
# % # 

===========================================================~=======~== 

0-6" 12 100 0 0 100 0 0 12 100 
6-18" 9 75 3 25 100 0 0 12 100 
18"-5' 2 100 0 0 100 0 0 2 100 
5-10' l 100 0 0 too 0 0 l LOO 
l 0 ··20 I 4 100 0 0 100 0 0 4 LOO 
20'+ 0 
DRAING. 0 

TABLE G-2 INSTALLATION: IOWA AAP 

CONTAMINANT: BA SAMPLES AWAY FROM OB SITE 

TOTAL % 
ND < TEP LIMIT ND OR < ) TEP LIMIT TOTAL 

DEPTH # % # ,. TEP LMT # % # ... ·• 
====================================================================== 
0-6" 
6-l8" 
18"-5 I 6 100 0 0 
5-10' 6 100 0 0 
10-20' 8 100 0 0 
20'+ 2 100 0 0 
DRAING. 14 67 7 33 

TABLE G-3 

CONTAMINANT: EACH METAL EXCEPT BA 

ND < TEP LIMIT 
DEPTH # % # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
6 
f) 

8 
2 

21 

INSTALLATION: IOWA AAP 

lOO 
L 0 0 
100 
100 
100 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT TOTAL 
# % 

====================================================================== 
0-6" 12 100 0 0 100 0 0 12 100 
6-18" 12 100 0 0 100 0 0 12 l 0 0 
18 II -5 t 2 100 0 0 100 0 0 2 lOO 
5-10' l 100 0 0 100 0 0 l 100 
10-20' 4 100 0 0 100 0 0 4 100 
20'+ 0 
DRAING. 0 
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TABLE G-4 

CONTAMINANT: EACH METAL EXCEPT BA 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

INSTALLATION: IOWA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
# % 

TOTAL 
# 

====================================================================== 
0-6" 0 
6-18" 0 
18"-5 I 6 100 0 0 100 0 0 6 100 
5-10' 6 100 0 0 100 0 0 6 L 0 0 
10-20' 8 100 0 0 100 0 0 8 100 
20'+ 2 100 0 0 100 0 0 2 100 
DRAING. 21 100 0 0 100 0 0 21 100 

TABLE G-5 INSTALLATION: IOWA AAP 

CONTAMINANT: ROX SAMPLES WITHIN/NEAR OB SITE 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # % # % GUIDLN # " # % 

~===========================~==============================~========~= 

0-6" 0 0 12 100 100 0 0 12 100 
6-18" 0 0 12 100 100 0 0 12 L 0 0 
18 II -5 I 2 100 0 0 100 0 0 2 100 
5-10' 1 100 0 0 100 0 0 1 100 
10-20' 3 75 1 25 100 0 0 4 100 
20'+ 0 
DRAING. 0 

TABLE G-6 INSTALLATION: IOWA AAP 

CONTAMINANT: RDX SAMPLES AWAY FROM OB SITE 

TOTAL "' "' ND < GUIDELINE ND OR < > GUIDELINE TOTAL 
DEPTH # % # % GU ID LN # q.. # ·--· • 
====================================================================== 

0-6" 0 
6-18" 0 
18"-5' 6 100 0 0 100 0 0 6 l () 0 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 8 100 0 0 100 0 0 8 100 
20'+ 2 100 0 0 100 0 0 ') 100 
DRAING. 3 14 18 86 100 0 0 21 100 
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TABLE G-7 

CONTAMINANT: HMX 

ND < GUIDELINE 
DEPTH # # 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: IOWA AAP 

SAMPLES WITHIN/NEAR on SITF. 

> GUIDE.LINE 
# % 

TOTAL 
# 

., .. 
===========================================================~==~===-==== 

0-6" 0 0 12 100 100 0 0 12 100 
6-18" 0 0 12 100 100 0 0 12 LOO 
18"-5 I 

') 100 0 0 100 0 0 2 100 .. 
5·-10 I l 100 0 0 100 0 0 I 100 
10-20' 4 100 0 0 100 0 0 4 100 
20'+ 0 
DRAING. 0 

TABLE G-8 INSTALLATION: IOWA AAP 

CONTAMINANT: HMX SAMPLES AWAY FROM OB SITE 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # % # ~ GUIDLN # % # 
., 
·• 

====================================================================== 
0-6" 0 
6-18" 0 
18"-5' 6 100 0 0 100 0 0 6 100 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 8 100 0 0 100 0 0 8 100 
20'+ 2 100 0 0 100 0 0 2 100 
DRAING. 0 0 19 90 90 2 10 21 100 

TABLE G-9 INSTALLATION: IOWA AAP 

CONTAMINANT: TNT SAMPLES WITHIN/NF.AR OB S .IT F. 

TOTAL % 
ND < GUIDEJ.INE ND OR < > GUIDE:LINF. TOTAL 

DEPTH # % # % GUIDLN # % # 
., ,. 

====================================================================== 
0-6" 0 0 9 75 75 3 25 12 100 
6-18" 0 0 9 75 75 3 25 12 100 
18"-5' ') 100 0 0 100 0 0 2 100 .... 
5-10' 0 0 l 100 100 0 0 l 100 
10-20' 3 75 1 25 100 0 0 4 100 
20'+ 0 
DRAING. 0 
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TABLE G-10 

CONTAMINANT: TNT 

ND 
DEPTH # 

< GUIDELINE 

# " 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: IOWA AAP 

SAMPLES AWAY FROM OB SITE 

> GUIDELINE 
# ~o # 

TOTAL 
.... ... 

====================================================================·== 
0-6" 0 
6-18" 0 
18" -5' 6 100 0 0 100 0 0 6 100 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 8 100 0 0 100 0 0 8 lOO 
20'+ 2 100 0 0 100 0 0 •) 100 
DRAING. 0 0 13 62 62 8 38 21 100 

TABLE G-11 INSTALLATION: IOWA AAP 

CONTAMINANT: TETRYL SAMPLES WITHIN/NEAR OD S IT P. 

TOTAL % 
ND < GUIDELINE ND OR < > GUIOELINF. TOTAi. 

DEPTH # % # % GU ID LN # % # ,. 
====================================================================== 
0 -6" 1 1 92 1 8 100 0 0 12 100 
6-18" 12 100 0 0 100 0 0 12 100 
18" -5' 2 100 0 0 100 0 0 ') 100 .. 
5-10' 1 100 0 0 100 0 0 1 l 0 0 
10-20' 4 100 0 0 100 0 0 4 100 
20'+ 0 
DRAING. 0 

TABLE G-12 INSTALLATION: IOWA AAP 

CONTAMINANT: TETRYL SAMPLES AWAY FROM OB STTE 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # % # .... GUIDLN # 
., 

# 
., .. ·o ·• 

====================================================================== 
0-6" 0 
6-18" 0 
18"-5 I 6 100 0 0 100 0 0 6 100 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 8 100 0 0 100 0 0 8 100 
20'+ 2 100 0 0 100 0 0 2 100 
DRAING. 21 100 0 0 100 0 0 21 100 
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TABLE G-13 

CONTAMINANT: 2,6-DNT 

ND < GUIDELINE 
DEPTH # # ,. 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: IOWA AAP 

SAMPLES WITHIN/NEAR OH SITF. 

> GUIDEL INF. 
# % 

TOTAL 
# 

===========~=================================================~=====~== 

0-6" 12 100 0 0 100 0 0 12 100 
6-18" 12 100 0 0 100 0 0 12 100 
18"-5 I 2 100 0 0 100 0 0 2 100 
5-10' 1 100 0 0 100 0 0 l 100 
10-20' 4 100 0 0 100 0 0 4 100 
20'+ 0 
ORA ING. 0 

TABLE G-14 INSTALLATION: IOWA AAP 

CONTAMINANT: 2,6-DNT SAMPLES AWAY FROM OB SITE 

TOTAL % 
ND ( GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # " # % GUIDLN # 0, # °' ·• '0 

====================================================================== 
0-6" 0 
6-18" 0 
18"-5 I 6 100 0 0 100 0 0 6 100 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 8 100 0 0 100 0 0 8 100 
20'+ 2 100 0 0 100 0 0 2 100 
DRAING. 21 100 0 0 100 0 0 21 100 

TABLE G-15 INSTALLATION: IOWA AAP 

CONTAMINANT: 2,4-DNT SAMPLES WITHIN/NEAR OB SITE 

TOTAL ., ,. 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # " # % GUIDLN # % # o. 
•o 

====================================================================== 
0-6" 3 25 9 75 100 0 0 12 100 
6-18" l 8 11 92 100 0 0 12 100 
l 8" -5 I 2 100 0 0 100 0 0 2 100 
5-10' 1 100 0 0 100 0 0 1 100 
10-20' 4 100 0 0 100 0 0 4 100 
20'+ 0 
DRAING. 0 
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TABLE G-16 

CONTAMINANT: 2,4-DNT 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: IOWA AAP 

SAMPLES AWAY FROM OB SfTE 

> GUIDELINE 

# ' 

TOTAL 
# ·. 

====================================================================== 
0-6" 0 
6-18" 0 
18"-5' 6 100 0 0 100 0 0 6 LOO 
5-10' 6 100 0 0 100 0 0 6 lOO 
10-20' 8 100 0 0 100 0 0 8 100 
20'+ 2 100 0 0 100 0 0 2 100 
DRAING. 20 95 l 5 100 0 0 21 100 

TABLE G-17 INSTALLATION: IOWA AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA SAMPLES WITHIN/NEAR OB SlTR 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # # % GUIDLN # ~ # % 
================================================================~~~==~ 

0-6" 26 36 
6-18" 25 35 
18"-5' 12 100 
5-10' 5 83 
10-20' 22 92 
20'+ 
DRAING. 

TABLE G-18 

CONTAMINANT: SUM OF 

ND 
DEPTH # % 

43 60 96 
44 61 96 

0 0 100 
1 17 100 .., 8 100 "' 

EXPLOSIVES DATA 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

3 4 ,., •J 
I - 100 

3 4 72 tOO 
0 0 12 100 
0 0 6 LOO 
0 0 24 100 

0 
0 

INSTALLATION: IOWA AAP 

SAMPLES AWAY FROM OB SITE 

> GUIDELINE 
# .... .. TOTAL 

# .... 
•O 

====================================================================== 
0-6" 0 
6-18" 0 
18" -5' 36 100 0 0 100 0 0 '.16 lOU 
5-10' 36 100 0 0 100 0 0 36 100 
10-20' 48 100 0 0 100 0 0 48 lOO 
20'+ 12 100 0 0 100 0 0 12 100 
DRAING. 62 74 14 17 90 8 10 84 100 
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TABLE G-19 INSTALLATION: IOWA AAP 

CONTAMINANT: SUM OF METALS DATA SAMPLES WITHIN/NEAR OB SITE 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # # % GUIDLN # % # ~ 

====================================================================== 
0 -6" 96 100 0 0 100 0 0 96 100 
6-18" 93 97 3 3 100 0 0 96 LOO 
18" -5' 16 100 0 0 100 0 0 16 100 
5-10' 8 100 0 0 100 0 0 8 100 
10-20' 32 100 0 0 100 0 0 32 100 
20'+ 0 
DRAING. 0 

TABLE G-20 INSTALLATION: IOWA AAP 

CONTAMINANT: SUM OF METALS DATA SAMPLES AWAY FROM OB SITE 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # # ~ GUIDLN # % # % 
====================================================================== 

0-6" 
6-18" 
18"-5' 
5-10' 
10-20' 
20'+ 
DRAING. 

TABLE G-21 

48 
48 
64 
16 

161 

CONTAMINANT: 

DEPTH # 

100 
100 
100 
100 

96 

0 
0 
0 
0 
7 

SUMMARY FOR ALL 
CONTAMINANTS 

< TEP LIMIT 
ND OR GUIDELINE 

% # % 

0 100 
0 100 
0 100 
0 100 
4 100 

TOTA!. % 
ND OR < 
LMT/GDL 

0 
0 

0 0 48 100 
0 0 48 100 
0 0 64 l 0 () 
0 0 L6 100 
0 0 168 100 

INSTALLATION: IOWA AAP 

SAMPLES WITHIN/NEAR on S l T F. 

) TEP LIMIT 
OR GUIDELINE TOTAL 

# ..... # ..... .-. . 
====================================================================== 
0-6" 0 0 8 67 67 4 33 12 100 
6-18" 0 0 9 75 75 3 25 12 100 
18"-5' 1 50 l 50 100 0 0 2 LOO 
5-10' 1 100 0 0 100 0 0 1 100 
10-20' 3 75 l 25 100 0 0 4 100 
20'+ 0 
DRAING. 0 
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TABLE G-22 

CONTAMINANT: SUMMARY FOR ALL 
CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# ~o 

TOTAL % 
ND OR < 
LMT/GDL 

INSTALLATION: IOWA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
OR GUI:ELINE 

# % 
TOTAL 

# 

====================================================================== 

0-6" 0 
6-18" 0 
18"-5 I 6 100 0 0 100 0 0 6 100 
5-10' 6 100 0 0 100 0 0 6 L 0 0 
l 0 -20 I 8 100 0 0 100 0 0 B 100 
20'+ 2 100 0 0 100 0 0 2 100 
DRAING. 0 0 9 43 43 12 57 21 100 
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Figure G-2. 
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Figure G-3. 

IOWA MP EXPLOSIVES SUMMARY 
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Figure G-4. 

IOV'/A AAP METALS SUMMARY 
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Figure G-5. 

IOWA AAP METALS SUM~1ARY 
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APPENDIX H 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
LAKE CITY ARMY AMMUNITION PLANT 

INDEPENDENCE, MISSOURI 

1. ENVIRONMENTAL SETTING. 

a. General Phys1ography and Strat1graphy. 

<l> Reg1ona1. Lake Clty AAP 1s located 7 miles east of Inde
pendence and 4 m1les north of Blue Spr1ngs. The 1nstallatlon has two 
topographic subd1vis1ons. The south and east area contains steeply sloping, 
narrow-crested ridges with elevat1ons 150 to 160 feet above the valley 
floor. The north and west area 1s an abandoned river valley f111ed w1th 
approx1mately 90 feet of alluv1al sed1ments. The major geolog1c units at 
Lake City AAP are Quaternary alluvium and the Pennsylvania Age Kansas City 
and Pleasanton Format1ons. The Pleasanton Format1on underl1es a large area 
of Lake C1ty AAP and consists of shale, with mlnor beds of llmestone and 
sandstone with a average thickness of 163 feet. The Kansas City Formation 
ls found 1n the h1gher elevatlons and consists of alternating limestone and 
shale members. Alluvium underlles the north-western area of Lake City AAP, 
wlth a max1mum thickness of 90 feet of clay, sand, and gravel. Dur1ng the 
Ple1stocene Epoch, stream patterns 1n the Lake City area were changed by 
advancing glac1ers. The resulting abandoned stream valley was f111ed with 
alluvial material. 

(2) Local. The burning ground lies on the north slope of a hill 
on a small, relatively flat area. An Intermittent stream drains the west 
slde of the burning ground area. Silty clay Is the predom1nant subsurface 
material from ground surface to the top of bedrock. Bedrock was encountered 
at an approximate depth of 22 feet. In-situ permeabl11t1es of the soils In 
the v1c1n1ty of the OB slte range from 8.5 x lo-• to 8.3 x 10-• cm/sec. 
Thls indicates that the soils are nearly to practically Impermeable. 

b. Ground Hater. Four monitoring wells were drilled at the burning 
ground ln December 1981 - January 1982. These wells were constructed with 
4-lnch 1nslde diameter well casing and screen. The aquifer ls unconfined 
and the water table ranges from 6. 1- to 18.6-feet below ground surface. 
The direction of ground-water flow ls to the north-northeast; the ground
water flow rate had not been determined. 

c. Precipitation and Evaporation. The mean annual precipitation ln 
the Lake Clty AAP area 1s approximately 40 Inches. The mean annual lake 
evaporation In thls v1c1n1ty 1s approximately 40 Inches. 

2. OVERVIEW OF OPEN BURNING AREA. The OB area at Lake City AAP, located 
1n the northeastern section of the installation, consists of two tnactlve 
burning pads and one active pad. The lower burn1ng pad was used from 1970 
through 1976 to burn cartridges. It was reactivated ln 1978 and used untll 
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1980 to burn tracer mix and tracer scrap. The upper burning pad was located 
adjacent to the east side of the present active burn pad. Miscellaneous 
metal parts, cartr1dges, and powder were burned or flashed on this pad. 
Samples from the active pad were only collected from surface so11s. 
Therefore, analytical results from the active area are not Included In the 
discussion below. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. All soil sampling 
was conducted during the Phase 4 site evaluation. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 23, for a detailed discussion of th1s Investigation. Phase 4 
sampling was conducted during the period 24-29 August 1983. A total of 49 
samples were collected In and around the two Inactive OB pads. Eight 
samples from four locations were collected within or near the lower pad; 14 
samples from seven locations were collected w1thln the upper pad. The 
majority of these samples were composited for depths of from O to 6 Inches, 
and 6 to 18 Inches. Of the samples collected away from the OB sites, 21 
were collected from 9 sites In the vicinity of the lower pad and six samples 
were collected from two sites In the vicinity of the upper pad. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables H-1 through H-14, and Figures H-1 through H-4. 

Cl> Metals. 

Ca> Samples Within/Near the OB Site. No samples contained metals 
In concentrations which exceeded applicable TEP limits. Lead was the only 
metal detected below the TEP limit. Low levels of this metal were found In 
one sample from the 0- to 6-lnch horizon, and two samples from the 6- to 
18-lnch level. 

Cb> Samples Away From the OB Site. No samples conta\ned metals in 
concentrations which exceeded applicable TEP limits. Lead was detected in 
one surface sample In a concentration below the TEP limit. 

<2> Explosives. Samples Within/Near the OB Site. No samples 
contained explosives In concentrations which exceeded the 1 ,000 µg/g 
reactivity guideline. A small number of samples collected from the 0- to 
6- and 6- to 18-lnch levels contained ROX and HMX In trace concentrations. 

d. Discussion of Site Location. The burning pads are situated at the 
base of low, rolling hills. This location, in conjunction with the presence 
of subsurface soils having extremely low permeabilities, has resulted in the 
creation of erosion problems. 
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4. CONCLUSIONS. 

a. As shown in Table H-13, no samples collected within or near the OB 
pad contained contaminants which exceeded any applicable limit or guideline. 
Forty percent of samples from the 0- to 6-lnch level contained detectable 
concentrations of contaminants. This percentage reduced to 30 percent In 
the 6- to 18-lnch horizon. All detected contaminants were found at 
Insignificant levels. The limited number of samples collected from lower 
depths did not contain detectable quantities of contaminants. 

b. As shown in Table H-14, no samples collected away from the OB pad 
contained contaminants which exceeded any applicable limit or guideline. 
Only one sample (from the 0- to 6-inch horizon) contained a detectable 
quantity of a contaminant. 

c. Contamination of the OB site was minimal. Insignificant horizontal 
or vertical contamination was detected. 

d. Erosion of contaminated surface soils Is a potential problem at the 
active OB site. 
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TABLE H-1 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

INSTALLATION: LAKE CITY AAP 

SAMPLES WITHIN/NEAR on SITE 

> TEP LIMIT 
# % 

TOTAI. 
# 

==============================================================~===~=== 

0 -6" 
6-18" 
18 tt ·- 5 ' 
5-10' 
10-20' 

TABLE H-2 

9 
8 
1 

1 

CONTAMINANT: PB 

ND 
DEPTH # 

90 
80 

100 

100 

% 

1 
2 
0 

0 

10 
20 

0 

0 

< TEP LIMIT 
# % 

100 
100 
100 

100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 
0 

0 

0 
0 
0 

0 

10 
10 

l 
0 
l 

100 
100 
100 

100 

INSTALLATION: LAKE CITY ~AP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
# % 

TOTAL 
# 

., 
·• 

====================================================================== 
0- 6" 5 
6-18" 1 1 
l 8" -5' 
5-10' 7 
10-20' 3 

TABLE H-3 

83 
100 

100 
100 

1 
0 

0 
0 

17 
0 

0 
0 

CONTAMINANT: EACH METAL EXCEPT PB 

ND < TEP LIMIT 
DEPTH # 

100 
100 

100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 

0 
0 

0 
0 

0 
0 

6 
11 

0 
7 
3 

100 
100 

100 
100 

INSTALLATION: LAKE CITY APP 

SAMPLES WITHIN/NEAR OB SCTF. 

> TEP LIMIT TO'T'AI. 
# % # 

===========================================================~========== 

0-6" 10 100 0 
6-18" 10 100 0 
18 II -5 I 1 100 0 
5-10' 0 
10-20' 1 100 0 

0 100 
0 100 
0 100 

0 100 

H-4 

0 
0 
0 

0 

0 
0 
0 

0 

10 
10 

1 
0 
1 

100 
100 
100 

100 



TABLE H-4 

CONTAMINANT: EACH METAL EXCEPT PB 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

INSTALLATION: LAKE CITY i\AP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT TOTAL 
# % # 

==:=======================~==================;======================== 

0-6" c: 100 0 v 

6-18" 1 1 100 0 
l8"-5, 
5-10' 7 100 0 
10-20' 3 100 0 

TABLE H-5 

CONTAMINANT: RDX 

ND < GUIDELINE 
DEPTH # # % 

0 
0 

0 
0 

100 
100 

100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 

0 
0 

0 
0 

0 
0 

6 
11 

0 
7 
3 

100 
100 

LOO 
100 

INSTALLATION: LAKE CITY AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE TOTAL 
# % # 

====================================================================== 
0-6" 
6-18" 
18"-5' 
5-10' 
10-20' 

TABLE H-6 

7 
9 
l 

1 

CONTAMINANT: HMX 

ND 
DEPTH # 

70 
90 

100 

100 

3 
l 
0 

0 

30 
10 

0 

0 

< GUIDELINE 
# % 

100 
100 
100 

100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 
0 

0 

0 
0 
0 

0 

10 
10 

l 
0 
l 

100 
100 
100 

100 

INSTALLATION: LAKE C(TY AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE TOTAL 
# ~o # 

====================================================================== 
0-6" 8 80 2 
6-18" 10 100 0 
18"-5, 1 100 0 
5-10' 
10-20' 1 100 0 

20 100 
0 100 
0 100 

0 100 

H-5 

0 
0 
0 

0 

0 
0 
0 

0 

10 
10 

l 
0 
1 

100 
100 
100 

100 



TABLE H-7 

CONTAMINANT: EACH EXPLOSIVE EXCEPT 
ROX AND HMX 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: LAKE CITY AAP 

SAMPLES WITHIN/NEAR OR SITE 

> GUILC:LINE 
# % 

TOTAL 
# 

====================================================================== 
0-6" 10 100 0 0 100 0 0 10 100 
6-18" 10 100 0 0 100 0 0 10 100 
l 8"--5' 1 100 0 0 100 0 0 1 100 
5-10' 0 
10-20' 1 100 0 0 100 0 0 1 100 

TABLE H-8 INSTALLATION: LAKE CITY AAP 

CONTAMINANT: EACH EXPLOSIVE SAMPLES AWAY FROM OB SITF. 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOT AT. 

DEPTH # # % GUIDLN # % # % 
====================================================================== 
0 -6 II 6 
6-18" 11 
18 11 -5 I 

5-10' 7 
10-20' 

TABLE H-9 

100 0 
100 0 

100 0 

0 
0 

0 

100 
100 

100 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH # 

< GUIDELINE 
# % 

TOT AL ~~ 

ND OR < 
GUIDLN 

0 
0 

0 

0 
0 

0 

6 
1 l 

0 
7 
0 

100 
100 

100 

INSTALLATION: LAKE CITY ,\AP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 
# 

TOTAL ., 
• 

================================================================~=~=== 

0-6" 55 92 5 8 100 0 0 60 100 
6-18" 59 98 1 ') 100 0 0 60 100 ... 
18"-5' 6 100 0 0 100 0 0 6 LOO 
5-10' 0 
10-20' 6 100 0 0 100 0 0 6 100 
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TABLE H-10 INSTALLATION: LAKE CITY AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA SAMPLES AWAY FROM on SITE 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

=~===================================================~================ 

0-6" .... ,,-~ 100 0 0 .JU 

6-18" 66 100 0 0 
18" -5 I 

5-10' 42 100 0 0 
10-20' 

TABLE H-11 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # % # % 

100 
100 

100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 36 100 
0 0 66 100 

0 
0 0 ·12 100 

0 

INSTALLATION: LAKE CITY AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT 
# % 

TOTAL 
o, ..• 

====================================================================~= 

0-6" 79 99 l 
6-18" 78 98 ') .. 
18 If -5 I 8 100 0 
5-10' 
10--20' 8 100 0 

TABLE H-12 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # # % 

1 
3 
0 

0 

100 
100 
100 

100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 
0 

0 

0 
0 
0 

0 

80 
80 

8 

LOO 
100 
LOO 

100 

INSTALLATION: LAKE CITY AAP 

SAMPLES AWAY FROM on SITF. 

> TEP LIMIT TOTA!. 
# % # 

~======================================================~==========~~== 

0-6" 47 98 1 2 100 0 0 48 100 
6·-18" 88 100 0 0 100 0 0 88 100 
18" -5 I 0 
5 ~ l 0' 56 100 0 0 100 0 0 56 100 
10-20' 24 100 0 0 100 0 0 24 100 
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TABLE H-13 

CONTAMINANT; 

DEPTH # 

SUMMARY FOR ALL 
CONTAMINANTS 

< TEP LIMIT 
ND OR GUIDELINE 

% # 

TOTAL % 

ND OR < 
LMT/GDL 

INSTALLATION: LAKE CITY AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT 
OR GUCDELINE 

# 
TOTAL 

# 

====================================================================== 
0-6" 
6-18" 
18" -5. 
5-10' 
10-20' 

TABLE H-14 

CONTAMINANT: 

DEPTH # 

6 
7 
1 

1 

60 
70 

100 

100 

4 
3 
0 

0 

SUMMARY FOR ALL 
CONTAMINANTS 

40 
30 

0 

0 

< TEP LIMIT 
ND OR GUIDELINE 

% # % 

100 
100 
100 

100 

TOTAL % 
ND OR < 
LMT/GDL 

0 
0 
0 

0 

0 
0 
0 

0 

10 
to 

1 

1 

100 
100 
100 

100 

INSTALLATION: LAKE CITY AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
OR GUIDELINE 

# 
TOTAL 

;; % 
=====================================================================~ 

0-6" 5 83 1 
6~ 18" 1 1 100 0 
18 "-5 I 

5-10' 7 100 0 
10-20' 3 100 0 

17 100 
0 100 

0 100 
0 100 

H-3 

0 
0 

0 
0 

0 
0 

0 
0 

6 
1 1 

0 
7 
3 

LOO 
100 

100 
100 
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Figure H-4. 
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APPENDIX I 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
LOUISIANA ARMY AMMUNITION PLANT 

SHREVEPORT, LOUISIANA 

1. ENVIRONMENTAL SETTING. 

a. Regtonal Physiography and Stratigraphy. Lou1siana AAP Is located 
1n Webster and Bossler Parishes of northwestern Louisiana. The Installation 
1s s1tuated wtthln the West Gulf Coastal Plain sect1on of the Coastal Plain 
phys1ographic prov1nce. Geologically, the Installation 1s located on the 
Pleistocene Age Montgomery terrace formation. A terrace ls one of the 
series of level surfaces 1n a stream valley, flanking and parallel to the 
stream channel ortg1nally occurring at or below but now above the level of 
the stream. It represents the dissected remnants of an abandoned flood 
pla1n, streambed, or valley floor produced dur1ng a former stage or erosion 
or depostt1on. The Montgomery terrace ranges 1n th1ckness from 70 to 90 
feet w1thln the 1nstallatton. The terrace depostts consist of basal sands 
and gravels wh1ch grade upward tnto sandy s11ts. stlts, stlty clays, and 
clays. 

b. Local Soils. The soils beneath the burning ground were generally 
categorized as nonorgantc sandy silts and sand-silt mtxtures. These sotls 
would be class1f1ed as "SM" and "ML" type sotls under the Unifted Soll 
Classification System. The values of permeability of these sotls ranged 
from 1 .28 x .10- 4 cm/sec to 2.4 x lo-• cm/sec, wt th a mean value of 1.03 x 
lo-s cm/sec. These soils, therefore, have a low degree of permeabll1ty. 

c. Ground Water. Ground water occurs 2- to 24-feet below the land 
surface throughout the burning ground area and flows towards Boone Creek In 
a southeasterly dlrect1on. Water levels measured tn March 1984 Indicate 
that the flow dtrectton ts towards the southeast; however, the water levels 
measured In September 1984 indicate the flow direction ts towards the south. 
It appears that when the water table ts deeper <depth from ground surface>. 
as it was 1n September, the major component of ground-water flow is towards 
the south. The water table gradient was calculated to be 0.00619 foot per 
foot, and the horizontal ground-water flow velocity was calculated to be 
between 20 and 47 feet per year. 

d. Prec1p1tat1on and Evaporation. The mean annual prectpltatlon tn 
the Louisiana AAP area 1s approximately 48 Inches. The mean annual lake 
evaporation In this vtclnlty 1s 47 1nches. 

2. OVERVIEW OF BURNING GROUND. 

a. Open-burning of waste explosives had been conducted In the eastern 
port1on of the tnstallatton since 1947. Haste explos1ves were placed on 
top of a layer of straw. A black powder line extended from the straw to a 
squ1b. The squib was Ignited and the burn was observed by remote control 
television cameras. Twenty-four hours after the burn, the residue was 
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tested for explosive content with a solutton of potasstum hydroxide with 
methanol. Residue that tested posittve for explostve content was reburned 
us1ng uncontaminated combustibles, and tested again 24-hours later. Residue 
that tested negative for explosive content was removed to the landfill for 
disposal after metal scraps were removed for salvage. The potassium 
hydroxide and methanol solution tests for the presence of nitrated organics, 
such as those found 1n military explosives. 

b. The burning ground consisted of three raised earthen berms sloping 
down toward a concrete catchment basin. The catchment basin had approximate 
dimensions of 60-feet by 88-feet by 3-feet deep and was built between 1962 
and 1965. By design, precipitation fell on the burn pads, flowed to the 
shallow dikes between burn pads, and then flowed to the concrete catchment 
basln. A plan view of the OB area 1s provided 1n Figure I-1. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 24, for a detailed discussion of this 1nvest1gat1on. Phase 2 
sampling was conducted on 11-12 August 1981. A total of 29 samples were 
collected as follows: 6 samples from 3 locations at both pads 1 and 2, 13 
samples from 7 locations at pad 3, 3 samples from the perimeter of the OB 
area, and 1 sample at the edge of the sump. These samples were composited 
for the following depths: 0- to 6-lnches, and 6- to 18-lnches. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 25, for a detailed discussion of this investigation. Phase 4 
sampling was conducted during the periods 10-16 November 1983, and 25-27 
April 1984. Samples were collected from 21 boreholes at depths as great as 
35 feet. The locations of these borings are shown 1n Figure 1-1. Ten 
borings (26 samples> were situated within or Immediately downgradlent of 
the OB pads. It should be noted that contamination 1n these down gradient 
samples would indicate horizontal migration of contaminants. The remaining 
11 borings <38 samples) were located farther away from the pads. The first 
sample In each borehole was taken at a depth ranging from 1 to 5 feet with 
a Shelby tube. Subsequent samples were generally collected at Intervals of 
5 feet using either Shelby tubes or a split-spoon sampler with a retaining 
screen. 

c. Analytical Results of Sampling Investigations. Analytical results 
are sunvnarized In Tables I-1 through I-26, and Figures 1-2 through I-5. 

<l> Metals. 

Ca> Samples Within/Near the OB Site. Mercury exceeded tts TEP 
limit In one sample collected from the 6- to 18-1nch depth. This was the 
only sample containing a metal which exceeded the applicable TEP limit. 
Cadmium, mercury, and lead were each detected once at levels less than the 
appropriate TEP limits In other samples. 
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<b> Samples Away from the OB S1te. No TEP metals were detected. 

<2> Explos1ves. 

<a> Samples H1th1n/Near the OB S1te. Of the samples collected 
from the top two hor1zons <O- to 6-1nches and 6- to 18-lnches), 59 percent 
conta1ned TNT 1n excess of the 1 ,000 µg/g react1v1ty gu1del1ne, 45 percent 
conta1ned ROX 1n excess of this gu1del1ne, and 17 percent exceeded the HMX 
gu1del1ne. Add1tlonally, these three explos1ves were detected In v1rtually 
all samples from these shallow depths. The rema1n1ng explosives were 
detected at concentratlons less than the gu1del1ne 1n a major port1on of 
these samples as well. Thls dlscusslon 1ncludes samples collected dlrectly 
at the OB slte as well as those collected lmmedlately downgradlent. The 
h1gh explosives levels In all of these samples Indicate that hor1zontal 
m1grat1on of contamlnants 1s occurrlng 1n surface sol ls. In comparlson, no 
explos1ves exceeded the gu1del1ne 1n samples collected from depths greater 
than 18 Inches. Although explosives were detected 1n some samples collected 
from greater depths, only trace concentrations were found. 

Cb> Samples Away from the OB S1te. One sample contained an 
explosive <ROX> 1n a concentrat1on exceedlng the 1,000 µgig gu1dellne. 
No logical explanat1on can be glven for this anomaly s1nce samples collected 
above and below that sample contained 11ttle If any contamlnatlon, and 
adjacent boreholes contained no contaminat1on. Three other samples 
contained trace levels of explosives. The lack of s1gnlf1cant levels of 
exploslves farther away from the OB site Indicates that migration of 
contaminants has, thus far, been limited to the area adjacent to the burning 
pads. 

d. S1te Operat1ons. The following 1ncorrect operational practices 
were noted: OB of nonexplosive materials, burning of waste-containing 
liquids, and leaving OB res1due on the surface for an extended per1od of 
time. Additionally, 1t was noted that at the time of soil sampling, the 
concrete catchment basin was reported to have had significant cracks causing 
the 1mpoundment to leak. A project to seal these cracks has since been 
Initiated. The leaking basin ls probably the source of contaminants which 
migrated from the OB site. It ls unlikely that OB activities have caused 
this contamination since samples collected directly beneath the pads 
contained only low levels of contaminants. 

4. CONCLUSIONS. 

a. As shown In Table I-25, 66 percent of soil samples collected within 
or near the OB site from the top 18 Inches of soil contained contaminants 
wh1ch exceeded applicable limits or guldel1nes. No samples collected from 
depths greater than 18 1nches exceeded limits/guidelines. Only trace levels 
of contaminants were detected In any samples from these lower levels. 
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b. As shown 1n Table I-26, one soil sample collected away from the OB 
s1te exceeded 11m1ts/gu1de11nes. However, th1s contam1nat1on could not be 
explained and may be due to sampl1ng or analytical errors. A small number 
of samples contained trace levels of contaminants. 

c. S1gn1flcant contamination exists at the OB site but was llm1ted to 
the top 18 1nches of so11. 

d. S1gn1f1cant contamination exists Immediately down gradient In the 
top 18 inches of soil. This contamination ls most likely due to contami
nated runoff leaking from the OB site catchment basin. 

e. The primary contaminants were TNT, ROX, and HMX. 
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TABLE I-1 

CONTAMINANT: CD 

ND < TEP LIMIT 
DEPTH # % # % 

TOTAL % 
NO OR < 
TEP LMT 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NF.AR OB SITE 

> TEP LIMIT TOTAL 
# % # % 

=================================================~==================== 

0 - 6" 17 100 0 0 
6-18" 12 100 0 0 
18 "-5' 10 100 0 0 
5-10' 10 91 l 9 
10-20' 4 100 0 0 
20'+ 

TABLE I-2 

CONTAMINANT: CD 

ND < TEP LIMIT 
DEPTH # " # 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 17 100 
0 0 l~ 100 
0 0 LO 100 
0 0 11 100 
0 0 4 LOO 

0 

INSTALLATION: LOUISIANA AAP 

SAMPLES AWAY FROM OB SlTF. 

> TEP LIMIT 
# % 

TOTA!. ., ,. 
===============================================================~=~==== 

0-6" 
6-18" 1 100 0 0 
18" -5' 12 100 0 0 
5-10' 11 100 0 0 
10-20' 9 100 0 0 
20'+ 3 100 0 0 

TABLE I-3 

CONTAMINANT: HG 

ND < TEP LIMIT 
DEPTH . # # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 0 1 100 
0 0 12 100 
0 0 l l 100 
0 0 9 100 
0 0 3 100 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB SlT~ 

> TEP LIMIT 
# % 

TOTAL 
# 

===================~==============================================~=== 

0-6" 17 100 0 0 100 0 0 17 100 
6-18" 1 1 92 0 0 92 1 8 12 100 
18 II -5 I 9 90 l 10 100 0 0 10 100 
5-10' 11 100 0 0 100 0 0 1 l 100 
10-20' 4 100 0 0 100 0 0 4 100 
20'+ 0 

I-5 



TABLE I-4 

CONTAMINANT: HG 

ND < TEP LIMIT 
DEPTH # % # % 

TOTAL % 
ND OR < 
TEP LMT 

INSTALLATION: LOUISJANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT TOTAL 
# # •,,; 

=============================================~================~==~==== 

0-6" 
6-18" 1 100 0 0 
18"-5 I 12 100 0 0 
5-10' l l 100 0 0 
10-20' 9 100 0 0 
20'+ 3 100 0 0 

TABLE I-5 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 
0 0 l 100 
0 0 1 2 l () 0 
0 0 11 l 0 () 
0 0 ~ l 0 0 
0 0 3 l 0 0 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP LIMIT 
# ,. 

TOTAL ., 
• 

====================================================================== 
0-6" 16 94. 11 7 1 5.8823 
6-18" 12 100 0 0 
18"-5' 10 100 0 0 
5-10' 11 100 0 0 
10-20' 4 100 0 0 
20'+ 

TABLE I-6 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # % # 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 17 100 
0 0 12 100 
0 0 10 100 
0 0 1 l lOO 
0 0 4 LOO 

0 

INSTALLATION: LOUISIANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT TOTAL 
# 

.... ., .. ·• 
====================================================================== 

0-6" 0 
6-18" 1 100 0 0 100 0 0 1 100 
18"-5 I 12 100 0 0 100 0 0 12 100 
5-10' 11 100 0 0 100 0 0 1 1 100 
10-20' 9 100 0 0 100 0 0 9 100 
20'+ 3 100 0 0 100 0 0 3 100 
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TABLE I-7 

CONTAMINANT: AG, AS, BA, CR, SE 

ND < TEP LIMIT 
DEPTH # % # 

TOTAL % 
ND OR < 
TEP LMT 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> TEP "IMIT 
# 

TOTAL 
# 

===================================================================~== 

0-6" l 7 100 0 0 
6-18" 12 100 0 0 
18"-5' 10 100 0 0 
!'5-lO' l 1 100 0 0 
lo-~o· 4 100 0 0 
20'+ 

TABLE I-8 

CONTAMINANT: AG, AS, BA, CR, SE 

ND < TEP LIMIT 
DEPTH # % # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 17 100 
0 0 12 100 
0 0 10 L 0 0 
0 0 1 l l Ll 0 
0 0 q 100 

0 

INSTALLATION: LOUISIANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
# 0.. 

·'O 

TOTAL 
# o, 

·O 

=======================================================~=========~==== 

0-6" 
6-18" 1 100 0 0 
18"-5' 12 100 0 0 
5-10' 1 1 100 0 0 
10-20' 9 100 0 0 
20'+ 3 100 0 0 

TABLE I-9 

CONTAMINANT: ROX 

ND < GUIDELINE 
DEPTH # % # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 0 l 100 
0 0 12 100 
0 0 1 1 100 
0 0 9 100 
0 0 3 LOO 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB SlTE 

> GUIDELINE 
# ?' 

TOTAL ., 
·• 

====================================================================== 

0-6" 0 0 9 53 53 8 47 17 100 
6- 18" 0 0 7 58 58 5 42 12 l 0 () 
18 II -5 I 5 50 5 50 100 0 0 l 0 100 
5-10' 5 45 6 55 100 0 0 11 100 
10-20' 1 25 3 75 100 0 0 4 100 
20'+ 0 
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TAHLF. I-10 INSTALLATION: LOUISIANA AAP 

CONTAMINANT: ROX SAMPLES AWAY FROM OB SITE 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # # % GUIDLN # % # % 
====================================================~================= 

0-6" 
6-18" 1 100 0 0 
l 8 "-5. 12 100 0 0 
5-10' 11 85 1 8 
10-20' 8 89 1 11 
20'+ 3 100 0 0 

TABLE I-11 

CONTAMINANT: HMX 

ND < GUIDELINE 
DEPTH # # % 

100 
100 

92 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 0 1 100 
0 0 12 100 
1 8 13 LUO 
0 0 9 lUO 
0 0 3 LOO 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE TOTAL 
# % # 

====================================================================== 
0-6" 0 0 14 82 
6-18" 1 8 g 75 
18 "-5 I 7 70 3 30 
5-10' 9 82 2 18 
10-20' 4 100 0 0 
20'+ 

TABLE I-12 

CONTAMINANT: HMX 

ND < GUIDELINE 
.... .. # % DEPTH # 

82 
83 

100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

3 18 17 l 0 0 
2 17 12 100 
0 0 10 l 00 
0 0 11 100 
0 0 4 LOO 

0 

INSTALLATION: LOUISIANA AAP 

SAMPLES AWAY FROM OB StTE 

> GUIDELINE 
# o, 

•O 

TOTAL ., 
0 

====================================================================== 
0-6" 0 
6 - 1 8 II 1 100 0 0 100 0 0 l 100 
18 II -5 I 12 100 0 0 100 0 0 12 100 
5-10' 12 92 1 8 100 0 0 13 100 
10-20' g 100 0 0 100 0 0 9 100 
20'+ 3 100 0 0 100 0 0 3 100 
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TABLE I-13 

CONTAMINANT: TNT 

NO < GUIDELINE 
DEPTH # 

# " 

TOTAL % 
ND OR < 
GUIOLN 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB S[TE 

> GUIDELINE 
# 

TOTAL 
# o, 

·O 

====================================================================== 

0-6" 0 0 8 47 
6-18" 0 0 4 33 
18"-5 I 10 100 0 0 
5-10' 1 1 100 0 0 
10 ·- 2 0 I 4 100 0 0 
20'+ 

TABLE I-14 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # # % 

47 g 53 17 100 
33 8 67 12 100 

100 0 0 10 100 
100 0 0 l 1 1()0 
100 0 0 4 100 

0 

I N S T A L L A T I 0 N : L 0 11 I S I ,\ N A A i\ P 

SAMPLES AWAY FROM OB S[TE 

TOTAL % . 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# .... • 

====================================================================== 
0-6" 
6- 18" 1 100 0 0 
18"-5' 12 100 0 0 
5-10' 13 100 0 0 
10-20' 9 100 0 0 
20'+ 3 100 0 0 

TABLE I-15 

CONTAMINANT: TETRYL 

ND < GUIDELINE 
DEPTH # # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 
0 0 1 100 
0 0 12 100 
0 0 13 100 
0 0 9 L 0 0 
0 0 3 100 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN OB SITE 

> GUIDELINE 
# 

TOTAL 
# O.• 

0 

=======================================~============================~= 

0-6" 15 88 2 12 100 0 0 17 100 
6-18" 10 83 2 17 100 0 0 12 LOO 
18"-5' 10 100 0 0 100 0 0 10 100 
5-10' 11 100 0 0 100 0 0 ll 100 
10-20' 4 100 0 0 100 0 0 4 lOU 
20'+ 0 
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TABLE I-16 

CONTAMINANT: TETRYL 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OR < 
GUIDLN 

INSTALLATION: LOUISIANA AAP 

SAMPLES AWAY FROM OB SITE 

> GUIDELINE TOTAL 
# % # 

=============================================================~======~= 

0--6" 
6- 18" 1 100 0 0 
18" -5 I 12 100 0 0 
5-10' 13 100 0 0 
10-20' 9 100 0 0 
20'+ 3 100 0 0 

TABLE I-17 

CONTAMINANT: 2,6-DNT 

ND < GUIDELINE 
DEPTH # # % 

100 
100 
100 
100 
100 

TOTAL ~ 

ND OR < 
GUIDLN 

0 
0 0 1 100 
0 0 12 LOO 
0 0 LJ L 0 0 
0 0 9 l 0 () 
0 0 3 LOO 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR 08 SITE 

> GUIDELINE TOTAL 
# % 

====================================================================== 
0-6" 12 71 5 29 
6-18" 4 33 8 67 
18"-5' 10 100 0 0 
5-10' 11 100 0 0 
10-20' 4 100 0 0 
20'+ 

TABLE I-18 

CONTAMINANT: 2 I 6-DNT 

ND < GUIDELINE 
DEPTH # % # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 0 17 100 
0 0 12 LOO 
0 0 10 L 0 0 
0 0 1 1 100 
0 0 4 100 

0 

INSTALLATION: LOUSlANA AAP 

SAMPLES AWAY FROM OB SITE . 

> GUIDELINE TOTAL 
# ~-

.- o." 

.. 0 

====================================================================== 
0-6" 0 
6-18" 1 100 0 0 100 0 0 1 100 
18"-5' 12 100 0 0 100 0 0 12 100 
5-10' 13 100 0 0 100 0 0 13 100 
10-20' 9 100 0 0 100 0 0 9 100 
20'+ 3 100 0 0 100 0 0 3 100 
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TABLE I-19 

CONTAMINANT: 2,4-DNT 

ND < GUIDELINE 
DEPTH # # % 

TOTAL ~~ 

ND OR < 
GUIDLN 

I N S T A LI. A T I 0 N : L 0 [J I S [ :\ N J\ A J\ P 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 
# % 

TOTAL 
# 

., 
'• 

================================================================~=~=~= 

0-6" l l 65 6 35 
6-18" 6 50 6 50 
LR" -5' 10 100 0 0 
5 -10. 1 l 100 0 0 
10-20' 4 100 0 0 
20'+ 

TABLE I-20 

CONTAMINANT: 2, 4-DNT 

ND <. GUIDELINE 
DEPTH # % # % 

100 
100 
100 
100 
100 

TOTAL % 
ND OR < 
GUIDLN 

0 0 17 100 
0 0 12 10 0 
0 0 10 l u () 
0 0 1 l LOO 
0 0 4 l 0 0 

0 

INSTALLATION: LOUISIA.'.JA :\.\T' 

SAMPLES AWAY fROM OB SITE 

> GUIDELINE TOTAL 
# % .. a,, ,. .. 

============================================================~=~======= 

0-6" 
6 - 18" 1 100 0 0 100 
l 8"-5, 12 100 0 0 100 
5 -10. 13 100 0 0 100 
10-20' 9 100 0 0 100 
:! 0 , + 3 100 0 0 100 

TABLE I-21 

CONTAMINANT: SUM or EXPLOSIVES DATA 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GU ID LN 

0 
0 0 1 100 
0 0 12 100 
0 0 l J l 0 () 
0 0 9 100 
0 0 3 lOO 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR OB SITE 

> GUIDELINE 
# ~~ # 

TOTAL ., 
0 

====================================================================== 

0-6" 38 37 44 43 80 20 20 102 100 
6-18" 21 29 36 50 79 15 21 7 '2 100 
18" -5. 52 87 8 13 100 0 0 60 100 
5-10' 58 88 8 12 100 0 0 66 100 
10-20' 2 1 88 3 13 100 0 0 24 100 
20'+ 0 
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TABLE I-22 INSTALLATION: LOUISIANA /\Al' 

CONTAMINANT: SUM OF EXPLOSIVES DATA SAMPLES AWAY FROM OB SlTE 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIOE'..INE 
# % 

TOTAL 
# 

========================================================~=:====;=~==== 

0-6" 0 
6 - 1 8 II 6 100 0 0 100 0 0 6 100 
18 "-5, 72 100 0 0 100 0 0 72 100 
5-10' 75 !)6 2 3 99 l l 78 LU 0 
10-20' 53 98 l 2 100 0 0 54 100 
20'+ 18 100 0 0 100 0 0 1 tl 100 

TABLE I-23 INSTALLATION: LOUISIANA AAP 

CONTAMINANT: SUM OF METALS DATA SAMPLES WITHIN/NEAR OB SITE 

TOTAL % 
ND < TEP LIMIT ND OR < > TEP LIMIT TOTAL 

DEPTH # # % TEP LMT # \ # 't 

===========================================================~========== 

0-6" 135 99 l 1 
6-18" 95 99 0 0 
18 "-5, 79 99 1 1 
5-10' 87 99 1 l 
10-20' 32 100 0 0 
2 0 ' +-

TABLE I-24 

CONTAMINANT: SUM OF METALS DATA 

ND 
UEPTH # % 

< TEP LIMIT ., 
·• 

100 
99 

100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 136 L 0 0 
1 1 96 100 
0 0 80 100 
0 0 88 100 
0 0 :3 2 lOO 

0 

INSTALLATION: LOUISIANA AAP 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
# % 

TOTAL 
# .. 

·• 
====================================================================== 
0-6" 0 
6- 18 II 8 100 0 0 100 0 0 8 100 
18" -5' 96 100 0 0 100 0 0 96 100 
5-10' 88 100 0 0 100 0 0 88 LOO 
10-20' 72 100 0 0 100 0 0 ~ •) 

I - 100 
20'+ 24 100 0 0 100 0 0 24 100 
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TABLE I-25 

CONTAMINANT: SUMMARY FOR ALL 
CONTAMINANTS 

< TEP LIM[T 
ND OR GUIDELINE 

DEPTH # # ?' 

TOTAL % 
ND OR <. 

LMT/GDL 

INSTALLATION: LOUISIANA AAP 

SAMPLES WITHIN/NEAR O~ SITE 

> TEP LIMIT 
OH GU1DEL1NE 

# 
TOTAL 

# % 
===================================~=======================~=======~== 

0-6 II 0 0 7 41 
6-18" 0 0 3 25 
l 8" - 5' J 30 7 70 
5-10' 5 45 0 55 
10-20' 2 50 2 50 
20'+ 

TABLE I-26 

CONTAMINANT: SUMMARY FOR ALL 
CONTAMINANTS 

DEPTH # 
ND 

.... 
'• 

< TEP LIMIT 
OR GUIDELINE 

# % 

41 
25 

100 
100 
100 

TOTAL % 
ND OR < 
LMT/GDI. 

10 59 17 lOO 
9 75 l :; lUO 
0 0 lO 100 
0 0 l 1 l () 0 
0 0 'i l 0 () 

0 

INSTALLATION: LOlllSIANA AAf' 

SAMPLES AWAY FROM OB SITE 

> TEP LIMIT 
OR GUIDELINE 

# 
.,. 
'• 

TOTAL 
# ~ 

==============================================================~~~~=~== 

0-6" 0 
6-18" 1 100 0 0 100 0 0 l lOO 
18" ·-5' 12 100 0 0 100 0 0 l 2 100 
5-10' 11 85 l 8 92 1 8 I :J 100 
10--20' 8 89 1 1 1 100 0 0 9 LOO 
20'+ 3 100 0 0 100 0 0 3 100 
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Figure I-2. 
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Figure I-3. 
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Figure I-4. 
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Figure I-5. 

L 0 IJ I SI A f\J A tv\ P ~11 ET AL S S IJ tv1 ~.~fa. RY 
SAMPLES AWAY FROM SITE 

1 c)O 

90 

80 

(/) 70 w 
_J 

Cl. 
2 60 
<( 
!J) 

LL. 50 0 
I-
z 
w 40 
u 
Q:: 
w 
c... 30 

zo 

10 

0 

0-6" 6-1 e" 13" -5' 10-20' :20' + 

[Z2} % DET < TEP Ll~.i11T 
DEPTH, FEET 

D 3 DET > TEP LIMIT 

I-13 



Phase 5, Hazardous Haste Study No. 37-26-0593-86, Mar 81 - Mar 85 

APPENDIX J 

SUMMARY OF OB SOIL INVESTIGATION AT 
NEHPORT ARMY AMMUNITION PLANT 

NEHPORT, INDIANA 

l. ENVIRONMENTAL SETTING. 

a. General Physfography and Strat1graphy. Newport AAP 1s located 
within the Central Lowlands phys1ograph1c province. It ls situated on a 
glacial tf 11 plafn, mod1fled by stream dlssect1on. Most of the 1nstalla
tlon's land fs characterized by s11ghtly depresslonal to nearly level 
upland. A surface water drainage dlv1de separates the southern watershed 
<Little Raccoon Creek>, which d1splays rather shallow and broad stream 
valleys, from the northern watershed <L1ttle Verm1111on River), which has 
somewhat steeper channel slopes. Surface elevat1ons of Newport AAP range 
from about 650-feet above mean sea level near the ma1n entrance to about 
530 feet 1n the northern drainage system. Dur1ng the Ple1stocene Epoch, 
the Newport area had been covered by at least two lee sheets, namely the 
Kansan and Wisconsin Stages. Most of the Installation Is underlain by 
about 70 to 80 feet of unconsolidated glacial till which ls primarily a 
stratified ground moraine capped by thin loess <wind-deposited silt and 
fine sand) and grades 1nto end moraine deposits along the escarpment formed 
by the Wabash River to the east. The t111 Is composed of unsorted clay, 
silt, sand, and minor gravel and displays both vertical and lateral 
varfablllty. The uppermost consolidated bedrock unit below the glac1al 
deposits ts the Carbondale Group composed of shale and sandstone of 
Pennsylvania Age, ranging 1n thickness from about 10 to 100 feet. The 
bedrock units form part of the western limb of a large anticline striking 
north-south and gently dipping to the southwest. There 1s no evidence of 
any significant local fault1ng. 

b. Sol ls. The explosives burning ground Is Immediately underlatn by 
about 2 to 4 feet of black, gray, tan, to brown stlty clay which, in turn, 
ts underlaln by 4 to 12 feet of gray sandy clay wlth sand and gravel 
stringers. There is much vertical vartabllity. The depth to bedrock below 
the glacial deposlts 1s estimated to be about 80-feet below the surface at 
the burning ground according to a generalized cross section. 

c. Ground Water. During the drilling of the four ground-water 
monitoring wells at the explostves burning ground area, the Initial water 
level 1n wells No. 1, 2, and 3 was about 10-feet below the surface according 
to the drllltng logs. The water rose to a depth of about 4 to 5 feet below 
the surface In all four wells after 24 hours. The 24-hour ground-water 
depth in the borings drilled durlng Phase 4 varled from 5- to 15-feet below 
the surface. Apparently, the ground water 1n the glacial till In this 
part1cular area flows toward the south-southeast. 
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Phase 5, Hazardous Waste Study No. 37-26-0593-86, Mar 81 - Mar 85 

d. Prec1p1tat1on and Evaporation. The mean annual precipitation In 
the Newport AAP area ls approximately 37 Inches. The mean annual lake 
evaporation In this v1clnlty Is approximately 32 \nches. 

2. OVERVIEW OF THE OPEN BURNING AREA. The NAAP conducts all of Its OB 
act1v1tles \none burn area located In the southwest portion of the 
lnstallat\on. As shown 1n the drawing In F\gure J-1, this area consists of 
two large burn pads, each approximately 150-feet square, and a burn cage In 
the northwest corner of the site. Add\tlonally, operators at the site 
reported the existence of an explosives bur\al trench near the southwest 
corner of the OB area. This trench was used to d\spose of various explosive 
sludges generated during the closing of the TNT production facility around 
1974. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Site Sampling Methodologies and Locations. See Appendix A, 
reference 26, for a detailed dlscuss\on of this Investigation. Phase 2 
sampling was conducted \n February 1982. A total of 19 soil samples were 
collected from 10 locations at the two OB pads. The majority of these 
locations were Immediately adjacent to the OB pads. Samples were composited 
for depths of from O to 6 Inches, and 6 to 18 Inches. 

b. Phase 4 Site Sampling Methodologies and Locations. See Appendix A, 
reference 27, for a detailed discussion of this Investigation. Phase 4 
sampling was conducted during the period 5-11 October 1983. A total of 65 
samples were collected from 18 boreholes around the OB area as shown In 
Figure J-1. Note that six of the boreholes were located at the periphery 
of the OB pads, one was at the edge of the burn cage, and the 11 others were 
sited farther away beyond the fence line surrounding the OB site. Additional 
sampling was also performed near the suspected site of the burial trench. 
All sampling was conducted with a hollow-stem augerlng system, which greatly 
reduces down-hole contamination between samples. The depths of these 
boreholes ranged from 9 to 20 feet. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables J-1 through J-8, and Figures J-2 and J-3. 

(1) Metals. No TEP metals were detected In any samples. 

(2) Explosives. No explosives were detected above the 1 ,000 µg/g 
reactivity guideline In any samples away from the burial trench. Explosives 
detected In concentrations less than this guideline, In decreasing frequency 
of detection, were 2,4-DNT, 2,6-0NT, and TNT. These compounds were only 
found In samples collected greater than 18 Inches below the surface. As 
shown In Figure J-4, most of the soils contamination Is located In the 
vicinity of the burial trench. This plume of contamination was migrating 
within the shallow, perched ground-water. In comparison, limited contamina
tion was found In the vlc1nlty of the OB pads and burn cage. This Implies 
that subsurface soil contamination, due to OB operations, Is quite limited. 

J-2 



OB 
PAD 

-- 1 

ELEV 821 

4. •3 
i..........;;;:::o..r~~--' '--~~~~--....... -

RO AD WAY -
'-~~~~-... ~ ,,,-~~~....._~,., 

0 50 100 150 

E""3 E3 
HORIZONTAL SCALE 

(FEET) 

e BORING 

WELL .-1 

EB 

> 
< 
:t 
0 
< 
0 
a: 

R0.824.0 

FIGURE J-1 NEWPORT AAP OPEN BURNING GROUND 

J-3 
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d. Stte Operattons. No observattons of tncorrect or abnormal OB site 
operations were made. 

4. CONCLUSIONS. As shown In Table J-8, no sotl samples exceeded applicable 
llmtts or guidelines. Samples In which explosives were detected below the 
applicable guideline comprised 29 percent of the total number of samples 
collected at depths greater than 18 Inches. However, the majority of this 
contamination was due to migration of explosives from an old burial trench. 
Contamlnatlon attributable to OB operations was minimal. 
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TABLE J-1 INSTALLATION: NEWPORT AAP 

CONTAMINANT: EACH METAL 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP :...IMIT 
# % 

TOTAL 
# 

., .. 
====================================================================== 
0-6" 9 100 0 0 100 0 0 9 100 
6-18" 1 l 100 0 0 100 0 0 11 L 0 0 
18"-5' 18 100 0 0 100 0 0 lB l 0 () 
5-10' 26 100 0 0 100 0 0 26 LOO 
10-20' 21 100 0 0 100 0 0 2 l l 0 (J 

TABLE J-2 INSTALLATION: NEWPORT AAP 

CONTAMINANT: TNT 

ND < GUIDELINE 
DF.PTH # 

# ' 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# ... .. 

========================================================~============= 

0-6" 9 100 0 0 100 0 0 g l D 0 
6-18" 11 100 0 0 100 0 0 ll 100 
18"-5, 16 89 2 l 1 100 0 0 lR LOO 
5-10' 22 88 3 12 100 0 0 25 100 
10-20' 20 95 1 5 100 0 0 2 l LOO 

TABLE J-3 INSTALLATION: NEWPORT AAP 

CONTAMINANT: 2, 6-DNT 

ND 
DEPTH # % 

< GUIDELINE 
# ~. 

TOTAL ~ 

ND OR < 
GUIDLN 

> GUIDELINE 
# ... .. TOTAL 

# 
., 
• 

================================================================~===== 

0-6" 9 100 0 0 100 0 0 9 100 
6-18" 11 100 0 0 100 0 0 1 1 100 
18" -5' 16 89 2 1 1 100 0 0 18 100 
5-10' 2 l 84 4 16 100 0 0 25 100 
10-20' 19 90 2 10 100 0 0 21 100 
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TABLE J-4 INSTALLATION: NEWPORT AAP 

CONTAMINANT: 2 I 4-DNT 

ND < GUIDELINE 
DEPTH # % # ~-

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

., . 
==~=================================================================== 

0-6" q 100 0 0 100 0 0 9 100 
6 - 1 8 If 1 1 100 0 0 100 0 0 1 1 LOO 
18"-5, 13 72 5 28 100 0 0 18 LOO 
5-10' 15 60 10 40 100 0 0 •) -

... ::i 100 
10-20' 17 81 4 19 100 0 0 2 l l 0 u 

TABLE J-5 INSTALLATION: NEWPORT AAP 

CONTAMINANT: ROX, HMX, TETRYL 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL ... 
• 

=================================================================~===~ 

0--6" 9 100 0 0 100 0 0 9 l 0 () 
6 - 18 If 1 1 100 0 0 100 0 0 l l LUU 
18"-5 I 18 100 0 0 100 0 0 18 100 
5-10' 25 100 0 0 100 0 0 25 LOO 
10-20' 21 100 0 0 100 0 0 21 LOO 

TABLE J-6 INSTALLATION: NEWPORT AAP 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # % # % 

TOTAL'• 
ND OR < 
TEP LMT 

> TEP LIMIT 
# 

TOTAL 

====================================================================== 

0-6" 72 100 0 0 100 0 0 72 100 
6-18" 88 100 0 0 100 0 0 88 100 
l 8"-5 I 144 100 0 0 100 0 0 144 t 0 0 
5-10' 208 100 0 0 100 0 0 :2 08 10 0 
10-20' 168 100 0 0 100 0 0 168 100 
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TABLE J-7 INSTALLATION: NEWPORT AAP 

CONTAMINANT: SUM OF F.XPLOSIVES DATA 

ND 
DEPTH # 

< GUIDELINE 
# % 

TOTAL ~ 

ND OR < 
GUIDLN 

> G U TD E L I N f: TOTAL 
# % 

==~==~=====================~======================~=============~=~=~~ 

0 -6" 54 100 0 0 100 0 0 54 LUU 
6-18" 66 100 0 0 100 0 0 66 LOO 
18" -5 I 99 92 ~ 8 100 0 0 L 0 8 LUU 
5-10' 133 89 17 11 100 0 0 150 l () () 
10-20' 119 94 7 6 100 0 0 126 LUO 

TA n LE J - 8 I N s TA L LAT I 0 N : N E \v p 0R1' A A p 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# % 

TOTAL % 
ND OR < 
LMT/GDL 

> TEP LIMIT 
OR GUIDELINE 

# % # 
TOTAL .. ·• 

====================================================================== 
0-6" 
6-18" 
18"-5' 
5-10' 
10-20' 

9 
1 1 
13 
16 
17 

100 
100 

72 
62 
81 

0 
0 
5 

10 
4 

0 
0 

28 
38 
19 

100 
100 
100 
100 
100 

J-7 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

~ 

l l 
18 
26 
2 l 

L 0 0 
100 
10 0 
LOU 
L 0 0 
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Figure J-3. 
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APPENDIX K 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
RADFORD ARMY AMMUNITION PLANT 

RADFORD, VIRGINIA 

1. ENVIRONMENTAL SETTING. 

a. General Phys,ography and Strat,graphy. 

Cl> Reg,onal. Radford AAP ,s located ,n Pulask, and Montgomery 
Counties, ,n southwest Vlrgln,a, approx,mately 7 miles northwest of the 
city of Radford. Radford AAP lies totally within the Southern Virginia 
sect1on of the Valley and Ridge physlographic province, which is part of 
the Appalachian Highland Region of North America. The topography Is 
character,zed by elongated, narrow, flat-topped r,dges of resistant 
sandstone and dolomites that strike southwest to northeast. Conversely, 
the valleys are composed of less resistant limestones and shales. The New 
River bisects Radford AAP from west to east forming a prominent horseshoe 
bend. Radford AAP occupies the rolling, terraced, karst floodplain and the 
horseshoe-shaped, entrenched, meander loop of the New River. The entrenched 
meander has limestone escarpments which approach 250 feet ,n height at . 
places along the south bank of the horseshoe and along the north and east 
cutbank of the New River. A small ridge which opens to the southeast 
circumvents the plant, the highest portion of which ,s found on the south
eastern corner. From this point, the terrain slopes gradually north beneath 
the main plant to the New River. Elevations range from 1 ,700 feet MSL along 
the New River to 2,225 feet MSL In the extreme southeast ~ectlon of Radford 
AAP. The horseshoe meander exhibits a rolling karst terrain with three 
prominent terraces and escarpments. The terraced plains and escarpments 
are remnants of the ancient New River floodplains. 

<2> Local. The OB ground Is situated ln the floodplain area 
between the base of the exposed Elbrook escarpment and the New River. The 
site lies within the 100 year floodplain of this river. 

b. Soils. The overburden soil at the OB ground consists of unconsoli
dated, alluvial plain, bank deposits from the New River. The alluvium is 
~gmpo••d cf• r•thtr homoQtneous matrix of reddish-brown fine sandy silts 
•nd Inorganic clays which extend uniformly from the surface to bedrock. 
The ov1rburd1n soil &v1r1;1s about 13.5 feet In depth above bedrock. Soll 
samples taken at various depths from around the OB pads revealed a rela
tively narro~ range of moderate permeabilities between 2.39 x 10- 1 cm/sec 
to 9.6 x lo- cm/sec. These permeability values would Indicate that 
precipitation, carrying solubllized contaminants, could slowly Infiltrate 
the soil column down to bedrock. Infiltrated water at bedrock elevation Is 
then probably diverted directly to the New River through ground-surfacing 
seeps, since the dip of the bedrock Is to the southeast and the elevation 
of the bedrock In the borings Is about 1 to 3 feet above the elevation of 
the partially exposed bedrock In h New River. 

K-1 
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c. Ground Water. Ground-water flow at Radford AAP 1s s1te spec1ftc 
and follows local structural trends. Ear11er test bor1ngs tn the floodplain 
have 1nd1cated that the elevat1on of the water table 1n the floodplain 
alluv1um adjacent to the New Rtver ts approx1mately the same as the surface 
elevation of the river. It ts also suggested that the New Rtver recharges 
and reverses the gradient of the ground-water table 1n the floodplain during 
flood stage. Durtng the dr1lltng of the bortngs, and after 24 hours and 48 
hours, there was no evtdence of ground water 1n the borings at the OB 
ground. Except for borings 3 and 5, wh1ch were terminated due to Radford 
AAP-1equlred OB operations, all borings encountered bedrock at between 13.5 
feet <1 ,681 .78 feet MSL) and 14 feet Cl,684.39 feet MSL>. These bedrock 
elevations, which dtp to the southeast, are approximately 1 to 3 feet above 
the elevation of the New River at 1 ,680 feet MSL and tend to collaborate 
the lack of ground water observed durtng drilling, at thts time of year. 

d. Prectpitatton and Evaporation. The mean annual precipitation for 
the Radford AAP area ts approx1mately 40 tnches. The mean annual lake 
evaporation ts approximately 34 inches. 

2. OVERVIEW OF THE OPEN BURNING AREA. The OB area, located along the New 
Rtver 1n the southeastern portion of the Horseshoe Area, ts approx1mately 
100 feet by 1 ,500 feet tn size. The actual burning of explosive waste ts 
performed on ratsed pads about 25 feet square. There are eight sites 1n 
the area, each cons1sttng of two ra1sed pads for a total of 16 pads <see 
F1gure K-1>. The lowest elevat1on of the OB ground nearest the New R1ver 
ts g1rded by a h1gh, crushed-rock berm. The rear port1on of each burn pad, 
at a distance of 10 feet from the rock berm, ts raised to provide a flat 
burning surface on the sloping topography <see Figure K-2). The elevated 
pads prevent surface water run-on, but cannot prevent surface water runoff 
from the pad .. The OB area ts used dally for the burning of floor sweepings, 
faulty batches of explosives, and other explos1ve waste which cannot be 
processed In the waste tnctnerator located on-post. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 28, for a detailed discussion of this tnvesttgatton. Phase 2 
sampling was conducted on 14-15 June 1983. A total of 17 samples were 
collected from 12 locations at the OB pads. Samples were composited for 
depths of from 0 to 6 tnches, and 6 to 18 tnches. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 29, for a detailed discussion of thts lnvesttgatton. Phase 4 
sampling was conducted during the period 22-26 October 1984. A total of 35 
samples were collected from 7 boreholes located, as shown 1n Ftgure K-1. 
Borehole depths ranged from 9 to 14 feet. 

c. Analytical Results of Sampling Investtgattons. Analytical results 
are sunvnartzed In Tables K-1 through K-12 and Figures K-3 and K-4. 

K-2 
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Cl> Metals. 
1ts TEP llm1t. Lead 
11mtt tn three other 
level 1n one surface 
contained detectable 

Two 0- to 6-tnch samples contatned lead wh1ch exceeded 
was also detected 1n concentrations less than the TEP 
0- to 6-inch samples. Cadmium was detected at a trace 
sample. No samples collected at greater depths 
quantities of TEP metals. 

<2> Explosives. TNT and 2,4-DNT were each found In two 0- to 
6-1nch samples at concentrat\ons exceeding the 1 ,000 µgig reactivity 
gu\dellne. These two explosives were detected at levels less than this 
guideline In approximately half of the samples collected from the top 18 
Inches of soil. Three other explosives were detected In a small number of 
0- to 6-lnch or 6- to 18-lnch samples. Trinitrotoluene and 2,4-DNT were 
detected In Insignificant trace levels 1n a small number of samples 
collected at greater depths. 

d. Site Operations and Design. The French dratn located below the OB 
pads rapidly conveys surface water runoff away from the OB area. The 
potential exists for this runoff to be contaminated by OB residues. No 
observat1ons of 1ncorrect or abnormal OB s1te operations were made. 

4. CONCLUSIONS. 

a. As shown In Table K-12, 26 percent of samples collected tn the 0- to 
6-inch Interval contained contaminants which exceeded the applicable ltmlts 
or guidelines. No other samples exceeded these limits/guidelines. The 
percentage of samples in which no contaminants were detected Increased from 
16 percent to 60 percent as sample depth Increased from 0- to 6-lnches to 
10-20 feet. Only trace levels of contaminants were detected In samples 
collected from depths exceeding 18 Inches. 

b. Surface soils down to a depth of 18 Inches are contaminated with 
substantial concentrations of explosives, and to a lesser extent, metals. 

c. The potential exists for contaminated surface soils to be trans
ported from the OB s1te via surface runoff. 

d. The primary contaminants were TNT, 2,4-DNT, and lead. 
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TABLE K-1 INSTALLATION: RADFORD AAP 

CONTAMINANT: CD 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
NO OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

==============================================================:======= 
0-6" 18 95 
6- 18" 8 100 
18 11 -5, 7 100 
5-10' 13 100 
10-·20, 5 100 

1 
0 
0 
0 
0 

5 
0 
0 
0 
0 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
() 

19 
8 
7 

13 
5 

LOO 
100 
l 0 () 
l () 0 
l u () 

TABLE K-2 INSTALLATION: RADFORD AAP 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
•· ~ 

=====================================================================~ 

0 ·-G II 14 74 3 16 89 2 1 1 19 100 
6-18" 8 100 0 0 100 0 0 8 l 0 () 
18"-5' 7 100 0 0 100 0 0 7 I 0 0 
5-10' 13 100 0 0 100 0 0 13 L 0 0 
10-20' 5 100 0 0 100 0 0 5 LOO 

TABLE K-3 INSTALLATION: RADFORD AAP 

CONTAMINANT: EACH METAL EXCEPT CD & PB 

ND 
DEPTH # 

< TEP LIMIT 
# ,. 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# ~~ 

TOTAL . .. 
====================================================================~= 

0 -6 II 19 100 0 
6-18" 8 100 0 
18" -5' 7 100 0 
5-10' 13 100 0 
10-20' 5 100 0 

0 
0 
0 
0 
0 

K-6 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

19 
8 
7 

13 
5 

100 
100 
100 
100 
100 



TABLE K-4 INSTALLATION: RADFORO AAP 

CONTAMINANT: ROX 

ND < GUIDELINE 
DEPTH # # % 

TOTAL ~1' 

ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

., . 
=================================================================:==== 
0-6" 18 95 
6-18" 8 100 
18" -5 I 7 100 
5-10' 13 100 
10-20' 5 100 

l 
0 
0 
0 
0 

5 
0 
0 
0 
0 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

19 
8 
7 

lJ 
5 

1 () 0 
100 
l 0 0 
100 
L 0 0 

TABLE K-5 INSTALLATION: RADFORD AAP 

CONTAMINANT: HMX 

ND < GUIDELINE 
DEPTH # # % 

TOTA!. % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

----------------------------------------------------------------------4 ----------------------------------------------------------------··-----
0-6" 19 
6-18" 7 
18"-5' 7 
5-10' 13 
10-20' 5 

100 
88 

100 
100 
100 

0 
1 
0 
0 
0 

0 
13 

0 
0 
0 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

19 
8 
7 

13 
5 

lOO 
10 0 
LOO 
100 
lOO 

TABLE K-6 INSTALLATION: RADFORD AAP 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % , 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

====================================================================== 
0-6" 10 53 
6-18" 4 50 
18"-5 I 5 71 
5-10' 10 77 
10-20' 4 80 

7 37 
4 50 
2 29 
3 23 
l 20 

89 
100 
100 
100 
100 

K-7 

2 
0 
0 
0 
0 

11 
0 
0 
0 
0 

19 
8 
7 

13 
5 

LOO 
100 
100 
100 
LOO 



TABLE K-10 INSTALLATION: RADFORD AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # # ~ GUIDLN # % # % 
==============================================================~======= 

0-6" 89 78 21 18 96 4 4 114 lOO 
6-18" 40 83 8 17 100 0 o 48 L 0 0 
18 II -5 I 38 90 4 10 100 0 0 42 100 
5-10' 75 96 3 4 100 0 0 78 100 
10-20' 28 93 2 7 100 0 0 30 lOO 

TABLE K-11 INSTALLATION: RADFORD AAP 

CONTAMINANT: SUM OF META LS DATA 

TOTAL % 
ND < TEP LIMIT ND OR < > TEP LIMIT TOTAL 

DEPTH # # % TEP LMT # % 
# ' 

====================================================================~= 

0-6" 146 96 4 3 99 2 l 152 L 0 O 
6-18 II 64 100 0 0 100 0 0 b4 L 0 0 
18 11 -5 I 56 100 0 0 100 0 0 56 100 
5-10' 104 100 0 0 100 0 0 104 100 
10-20' 40 100 0 0 100 0 0 40 100 

TABLE K-12 INSTALLATION: RADFORD A~P 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# % 

TOTAL % 
ND OR < 
LMT/GDL 

> TEP LIMIT 
OR GUIDELINF. 

# % 
TOTAL 

===================================================================~~= 

0-6" 3 16 1 1 58 74 5 26 19 100 
6-18" 3 38 5 63 100 0 0 8 100 
18 II -5 I 4 57 3 43 100 0 0 7 100 
5-10' 9 69 4 31 100 0 0 13 100 
10-20' 3 60 2 40 100 0 0 5 100 
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Figure K-3. 
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Figure K-4. 
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APPENDIX L 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
SENECA ARMY DEPOT 
ROMULUS, NEW YORK 

l. ENVIRONMENTAL SETTING. 

a. General Phys1ography and Stratigraphy. The depot 1s on the western 
side of a series of north-south trend1ng rock terraces which separate 
Seneca Lake and Cayuga Lake. The rock terraces range 1n elevation from 490 
to 1600 feet above MSL. Elevat1ons on Seneca AD range from 450 feet above 
MSL on the western boundary to 760 feet above MSL 1n the southeast corner. 
The surface of Seneca AD generally consists of a west- and north-sloplng 
surface. In the vic1n1ty of Seneca AD, consol1dated Ple1stocene glac1al 
till deposits overlie Devonlan age bedrock cons1sting primarily of shales. 
Thickness of the glac1al depos1ts on Seneca AD ranges from l to 10 feet. 
The bedrock unit underly1ng Seneca Ad ls the Moscow shale, a black, 
f1ssile, h1ghly jolnted unit with th1n interbedded calcareous shale and 
limestone layers. The Moscow shale dips to the south at 30 to 35 feet per 
mile beneath Seneca AD. 

b. Soils. Surface sells are relatively poorly dra1ned and cons1st of 
s1lty clays and clays derived from the underly1ng glacial t1ll and shale 
bedrock. The depth to bedrock in thls vlc1n1ty var1es from 6 to 12 feet. 
The permeab111ties of so1ls from the OB site area were measured by 
recompactlng soil samples in a mold to standard proctor dens1ty. The 
resulting permeabil1tles were found to cover a narrow range from 5.9 
x10- 1 to 1 .4 x10- 1 cm/sec. These soils could be considered to be 
nearly impermeable. 

c. Ground Water. Seven ground-water mon1tor1ng wells are located 
around the OB site. The depth to ground water is quite low in th1s area, 
ranging from as little as 3 feet up to 6 feet~ Ground water flows toward 
the northeast and east toward Reeder Creek. 

d. Prec1pltation and Evaporation. The mean annual precipitation in 
the Seneca AD area is approximately 30 inches. The mean annual lake 
evaporation 1n th1s area 1s approx1mately 27 inches. 

2. OVERVIEW OF THE OPEN BURNING AREA. Active OB/OD operations have been 
conducted s1nce 1941 1n a 90-acre area In the northwestern sect1on of 
Seneca AD. The OB/OD grounds cons1st of a detonation hill and nine burning 
pads <labeled A through J) where items such as lead-contain1ng fuses; 
project1les w1th TNT, composition B, and amatol; and explos1ves contam
inated trash are disposed of. Usage in the past 5 years has ranged from 
once per day to once per week. A plan view of the OB grounds 1s shown in 
F1gure L-1. All pads were constructed by plac1ng crushed shale f111 over 
the natural ground surface and then doz1ng up the berms around the pad. 

L-1 
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3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 30, for a detailed discussion of this Investigation. Phase 2 
sampling was conducted In May 1982. Samples were collected from the Oto 6 
Inch horizon from seven burning pads labeled B through H. With Phase 4 
sampling being limited to Pads B, F, and H <see paragraph 3b below>, only 
Phase 2 samples from these three pads are Included In the analytical 
summary. Three samples were collected from each of these pads during the 
Phase 2 Investigation. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 31, for a detailed discussion of this Investigation. Phase 4 
sampling was conducted during the period 13-19 August 1984. Samples were 
collected In the following manner: 10 samples were collected from three 
boreholes at pad B, 13 samples were collected from five boreholes at pad F, 
and 11 samples were collected from two boreholes at pad H. Borehole depths 
ranged from 3 to 8 feet. A 4-lnch-outslde-dlameter hollow-stem auger was 
used with the drill assembly. Additionally, three samples were collected 
of sediments from drainage ditches adjacent to the pads. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables L-1 through L-13 and Figures L-2 and L-3. 

<1> Metals. Four samples from various depths contained lead In 
concentrations which exceeded the applicable TEP limit. Barium exceeded 
Its TEP limit In three samples. Six samples from various depths contained 
lead concentrations less than the TEP limit. A trace of cadmium and a low 
level of barium were also detected In two other samples. Although the 
sampling horizon with the highest number of contaminated samples was the O
to 6-lnch level, contamination was rather evenly divided among the sampling 
groups. More than half of the contaminated samples were collected at pad B. 
This Is, In part, due to the fact that a prior OB ground surface was encoun
tered at a depth of 4 feet, very near the ground-water table. Numerous 
chunks of charred wood, bullets, and nails were found at this level. Prior 
OB pads may be present beneath the other existing OB sites as well. The 
only metal detected In drainage sediment samples was a trace of lead In the 
sediment from pad B. 

<2> Explosives. Only one sample contained an explosive <TNT> at a 
concentration which exceeded the 1,000 µgig reactivity guideline. Trace 
or otherwise Insignificant levels of five different explosives were 
detected In 75 percent of the samples collected from the 0- to 6-lnch 
horizon and 62 percent from the 6- to 18-lnch level. The explosives 
detected In decreasing order of frequency of detection were ROX, 2,4-0NT, 
TNT, 2,6-0NT, and HMX. No explosives were detected at greater depths. No 
explosives were detected In any drainage sediment samples. 

d. Site Operations. No observations of Incorrect or abnormal site 
observations were made. 

L-3 
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4. CONCLUSIONS. 

a. As shown 1n Table L-13, 25 percent of so1ls from the 0- to 6-lnch 
level contalned contam1nants at concentratlons whlch exceeded the appli
cable TEP l1mlts or exploslves guldellnes. Only one sample from each of 
the remalnlng horizons exceeded the lim1ts/gu1del1nes. A total of 80 
percent of surface samples contalned detectable concentratlons of contam
inants, although most concentrations were at trace or 1ns1gnlf1cant levels. 

b. Solis contamination was significant at pad B down to the 
ground-water table, partially due to the existence of a buried OB site 
located 4 feet beneath the ex1st1ng OB pad. Although a small number of 
samples at the other pads exceeded limits/guidelines, contam1nat1on at 
these other pads is not considered to be sign1f1cant. 

c. Subsurface lateral migration of contaminants us1ng ground water as 
a transport medlum ls posslble at pad B. 

d. Horizontal mlgration of contamlnants due to surface runoff is not 
s1gnlf1cant. 

e. The primary contaminants were lead and barlum. 
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TABLE L-1 INSTALLATION: SENECA AD 

C 0 NT AM I NAN T : B A 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

., 

.·~ 

==================================================================~=== 

0-6" 
6 - l 8" 
18"-5, 
5-10' 

18 
8 

10 
3 

90 
100 

83 
100 

0 
0 
l 
0 

0 
0 
8 
0 

90 
100 

92 
100 

2 
0 
l 
() 

10 
0 
8 
0 

20 
8 

l 2 
3 

TABLE L-2 INSTALLATION: SENECA AD 

CONTAMINANT: CO 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

100 
100 
L 0 0 
l 0 0 

·• 
====================================================================~= 

0--6" 
6 - 1 8 " 
18"-5' 
5-10' 

19 
8 

12 
3 

95 
100 
100 
100 

1 
0 
0 
0 

5 
0 
0 
0 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

20 
8 

L 2 
3 

TABLE L-3 INSTALLATION: SENECA AD 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # % # ~ 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

100 
LOO 
100 
100 

================================~==================================~== 

0-6" 
6 - l 8 " 
18"-5' 
5-10' 

17 
5 

11 
0 

85 
63 
92 

0 

1 

1 

5 
25 

8 
67 

L-5 

90 
88 

100 
67 

2 
r 
0 
1 

10 
13 

0 
33 

20 
8 

u 
3 

100 
100 
t 0 0 
100 



TABLE L-4 INSTALLATION: SENECA AD 

CONTAMINANT: EACH METAL EXCEPT BA, CD & PB 

ND 
DEPTH # 

< TEP LIMIT 
# 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT TOTAL 
# % # 

====================================================================== 
0-6" 
6- 18" 
18"-5' 
5-10' 

20 
8 

12 
3 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

20 
8 

12 
3 

TABLE L-5 INSTALLATION: SENECA AD 

CONTAMINANT: ROX 

ND < GUIDELINE 
DEPTH # % # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

lOO 
100 
100 
100 

., .. 
===============================~===================================~~= 

0-6" 
6- 18 If 
18" -5 I 

5-10' 

11 
7 

12 
3 

55 
88 

100 
100 

9 
1 
0 
0 

45 
13 

0 
0 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

:2 0 
8 

12 
3 

TABLE L-6 INSTALLATION: SENECA AD 

CONTAMINANT: HMX 

ND 
DEPTH # ... ·• 

< GUIDELINE 
# % 

TOT AL ?' 
ND OR < 
GUIDLN 

> GUIDELINE 
# ?~ 

TOTAL 
# 

l () 0 
l () () 
lOO 
100 

., 
0 

=======================================~============================== 

0-6" 
6-18" 
18" -5' 
5-10' 

19 
7 

12 
3 

95 
88 

100 
100 

1 
1 
0 
0 

5 
13 

0 
0 

L-6 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

20 
8 

12 
3 

100 
100 
100 
L 0 0 



TABLE L-7 INSTALLATION: SENECA AD 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDL.INE 
# % 

TOTAL 
# 

================:===================================================== 
0-6" 
6-18" 
l 8"-5' 
5-10' 

1 11 
6 

12 
3 

70 
75 

100 
100 

5 
2 
0 
0 

25 
25 

0 
0 

95 
100 
100 
100 

1 
0 
0 
0 

5 
0 
0 
0 

20 
8 

l :2 
3 

TABLE L-8 INSTALLATION: SENECA AO 

CONTAMINANT: TETRYL 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

100 
100 
100 
too 

O• 

'• 
====================================================================== 
0-6" 
6-18" 
18"-5' 
5-10' 

20 
8 

12 
3 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

20 
8 

12 
3 

TABLE L-9 INSTALLATION: SENECA AD 

CONTAMINANT: 2,6-DNT 

DEPTH # 
ND 

o, 
•O 

< GUIDELINE 
# 

TOTAL % 
ND OH < 
GUIDLN 

> GUIDELINE 
# o~ 

TOTAL 
# 

l 0 () 
LOO 
100 
100 

=====================================================================~ 

0-6" 
6-18" 
18 II -5 I 

5-10' 

14 
8 

12 
3 

70 
100 
100 
100 

6 
0 
0 
0 

30 
0 
0 
0 

100 
100 
100 
100 

L-7 

0 
0 
0 
0 

0 
0 
0 
0 

20 
8 

12 
3 

100 
100 
100 
LOO 



TABLE L-10 INSTALLATION: SENECA AO 

CONTAM[NANT: 2,4-DNT 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# o, .. 

====================================================================== 

0-6" 
6-18" 
18 "-5' 
5-10' 

12 
7 

12 
3 

60 
88 

100 
100 

8 
l 
0 
0 

40 
13 

0 
0 

100 
100 
100 
100 

0 
0 
0 
0 

0 
0 
0 
0 

20 
8 

l :2 
3 

TABLE L-11 INSTALLATION: SENECA AD 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH # 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE TOTAL 
# ~ ·• # 

100 
100 
100 
LOO 

., .. 
==================================================~==========:==~==~== 

0 .. 6" 
f::i-18" 
18"-5' 
5-10' 

90 
43 
72 
18 

75 
90 

100 
100 

29 
5 
0 
0 

24 
10 

0 
0 

99 
100 
100 
100 

l 
0 
0 
0 

l 
0 
0 
0 

120 
48 
72 
18 

TABLE L-12 INSTALLATION: SENECA AD 

CONTAMINANT: SUM OF METALS DATA 

ND 
DEPTH 

< TEP LIMIT 
# ~ .. 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# 

TOTAL 
# 

100 
100 
lOU 
100 

====================================================================~= 

0 -6" 
6-18" 
18" -5 I 

5-10' 

154 
61 
93 
21 

96 
95 
97 
88 

2 
2 
2 
2 

1 
3 
2 
8 

98 
98 
99 
96 

L-8 

4 
1 
1 
1 

3 
2 
l 
4 

160 
64 
96 
24 

100 
100 
100 
100 



TABLE L-13 INSTALLATION: SENECA AD 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# ~. 

TOTAL ~, 

NO OR < 
LMT/GDL 

> TEP LIMIT 
OR GUIDELINE 

# 
TOTAL 

# ~. 

====:=====================================·============================ 
0-6" 
6- 18" 
18"-5. 
5-10' 

4 
2 
9 
0 

20 
25 
75 

0 

11 
5 
2 
2 

55 
63 
17 
67 

75 
88 
92 
67 

l-9 

5 
1 
1 
1 

25 
13 

8 
33 

20 
8 

12 
3 

100 
100 
lOO 
LOO 



Figure L-2. 
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Phase 5, Hazardous Waste Study No. 37-26-0593-86, Mar 81 - Mar 85 

APPENDIX M 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
SIERRA ARMY DEPOT 

HERLONG, CALIFORNIA 

l. ENVIRONMENTAL SETTING. 

a. General Physiography and Stratigraphy. Sierra AD ls located In 
Lassen County, California, approximately 80 kilometers north of Reno, 
Nevada. The installation Is located In the Honey Lake Valley In the Basin 
and Range physiographlc province. The valley Is bounded on the southeast 
side by the Fort Sage Mountains, on the northeast by the Skedaddle and 
Amadee Mountains, and on the north by the Shaffer Mountains. Surface 
elevations at the main depot area run from 1 ,215 m above MSL along the 
shore line of Honey Lake to 1 ,260 mat Herlong. The upper burning 
demolition area ls In rugged terrain and ranges 1n elevation from 1,231 to 
1 ,670 m above MSL. 

b. Soils. Soils In the vicinity of the two OB pads can generally be 
described as having very slow Infiltration rates, I.e., clay soils, soils 
with a claypan or clay layer at or near the surface, shallow soils over 
nearly impervious materials, or soils with a permanent high water table. 
These soils have a very slow rate of water transmission. Permeabilities 
range from about 5.6 x 10- 4 to 5.6 x lo-• cm/sec. Soll series 
contained 1n this group Include the D1az-Karlo complex, Herlong loam, 
Madeline very stony loam, N1nem1le extremely cobbly loam, playas, rock 
land, and Standish loam. 

c. Ground Water. 

Cl> Lower OB Ground. Ground water at this site was encountered 
between 18 and 20 feet. The borings were drilled during a time that the 
ground-water table Is normally lower than average. Even at this time the 
water table was only 8- to 10-feet below the bottom of the 10-foot-deep 
trench. The direction of ground-water flow was assumed to be west, towards 
Honey Lake. Further study, however, would be required to determine the 
actual direction of ground-water flow. 

<2> Upper OB Ground. Ground water at the upper OB/OD ground was 
located below an impermeable bedrock surface, which prevented migration of 
contaminants to this aquifer. Surface water which flowed down from the 
upper areas to these trenches followed two pathways, depending on the 
Intensity of flow. During normal rainfall the water entered the trenches 
and Infiltrated to the bedrock surface, which followed the topography down 
to the southeastern boundary of the area. During high-Intensity rainfall 
the runoff could fill the trenches and carry contaminants along the surface 
to the lower areas. 

M-1 



Phase 5, Hazardous Waste Study No. 37-26-0593-86, Mar 81 - Mar 85 

d. Prec1p1tat1on and Evaporat1on. The mean annual prec1p1tat1on 1n 
the S1erra AD area 1s approx1mately 10 1nches. The mean annual lake 
evaporat1on 1n this vicin1ty 1s approximately 43 inches. 

2. OVERVIEW OF BURNING GROUND SITES. All active OB/OD operations at 
Sierra AD are located on approx1mately 4,000 acres of land on a separate 
area northeast of the main Installation. The OB sites included in this 
study were the lower burning ground and the upper burning ground. The OB 
activities are conducted w1thin trenches at both sites. The lower burning 
ground consists of one trench while the upper s1te cons1sts of five 
trenches and one pit. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 32, for a detailed discussion of this investigation. Phase 2 
sampling was conducted on 13-15 October 1981. A total of 11 lower burning 
ground samples were collected from 6 locations. Seven samples were 
collected from f1ve sites at the upper burning ground. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 33, for a detailed discussion of this investigation. Phase 4 
sampling was conducted during the period 24-30 October 1984. A total of 42 
samples were collected from the two OB grounds. Five borings <20 samples> 
were drilled near the lower OB ground trench. Four borings (16 samples> 
were drilled near the upper OB ground. The depths of these boreholes 
ranged from 12 to 22 feet. Samples were generally collected every 5 feet 
until either ground water or bedrock was encountered. Additionally, one 
surface sample was collected from each of the five upper burning ground 
trenches and the burning pit. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables M-1 through M-14, and Figures M-1 and M-2. 

(1) Metals. 

<a> TEP Metals. No metals were detected in concentrations which 
exceeded the applicable TEP limits. All samples containing detectable 
levels of the TEP metals were collected from the top 6 Inches of soil. The 
metals which were detected, in decreasing order of frequency of detection, 
were barium, lead, cadmium, and chromium. Although, as mentioned above, 
none of these detected levels exceeded the TEP limits, many of the 
concentrations approached these limits. 

<b> Total Metals. In addition to TEP limits the State of 
California also places limits on the total concentrations of the metals on 
the TEP list. Called the TTCL's, these standards are 10 times the Federal 
TEP limits. Therefore, to determine if California solid wastes are 
hazardous, due to metals content, analyses must be performed on the TEP 
metals both on total and TEP bases. 
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Total metals analyses were only performed on samples collected 1n the 
Phase 4 1nvest1gation. All s1x samples collected from the 0- to 6-1nch 
horizon exceeded at least one TTCL. Lead exceeded Its llm1t 1n all surface 
samples. Barium exceeded 1ts 11mlt 1n five of six samples. Only one sample 
collected at greater depths contained a metal which exceeded 1ts TTCL. 

<2> Explos1ves. No explos1ves were detected 1n concentrations 
wh1ch exceeded the 1 ,000 µg/g react1v1ty gu1dellne. Although a small 
number of samples contained detectable concentrations of explos1ves, only 
tra~e levels were detected. 

c. Site Operations. Past OB methods had allowed residues to remain In 
the trenches a considerable amount of time after OB operations had ceased. 
This practice increased the possibility for contaminants to leach from the 
residues. Additionally, topography of the OB sites could result 1n surface 
runoff collect1ng 1n the OB trenches. This ponded water would provide the 
driving force for contam1nants to migrate from the site. 

4. CONCLUSIONS. 

a. No samples contalned contaminants in concentrations which exceeded 
the TEP 11m1ts or the explosive guldel1ne. However, all surface samples 
for whlch total metals were analyzed exceeded at least one TTCL. Only 
trace levels of TEP metals or explos1ves were detected in samples collected 
from depths greater than 6 Inches. 

b. S1gnlflcant sol ls contamlnatlon 1s 11m1ted to the top 6 1nches at 
the base of the trenches. 

c. Past OB pract1ces, 1n conjunction w1th runoff problems, increased 
the possibll~ty for contamlnants to leach from burning residues. 

d. The pr1mary contam1nants were lead and bar1um. 
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TABLE M-1 INSTALLATION: SIERRA AD 

CONTAMINANT: BA 

ND < TEP LIMIT 
DEPTH # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

====================================================================== 
0-6" 9 69 4 31 100 0 0 1 ~l 
6-18" 15 100 0 0 100 0 0 15 
18 "-5 J 0 
5-10' 9 100 0 0 100 0 0 g 

10-20' 18 100 0 0 100 0 0 lH 
20'+ 5 100 0 0 100 0 0 5 

TABLE M-2 INSTALLATION: SIERRA AD 

CONTAMINANT: CD 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

100 
100 

l () 0 
lOO 
L 0 0 

o. 
=====~================================================================ 

0-6" 11 85 <') 15 100 0 0 13 .. 
6-18" 15 100 0 0 100 0 0 15 
18"-5 J 0 
5 -10 I 9 100 0 0 100 0 0 9 
10-20' 18 100 0 0 100 0 0 18 
20' 1" 5 100 0 0 100 0 0 5 

TABLE M--3 INSTALLATION: SIERRA AD 

CONTAMINANT: CR 

ND 
DEPTH # % 

< TEP LIMIT 
# 

TOTAL % 
ND OR -:. 
TEP L~T 

> TEP LIMIT 
# 

TOTAL 
# 

l () 0 
LOO 

100 
LOO 
LOO 

o, 
0 

=====~====================~======================================~==== 

0-6" 12 92 l 8 100 0 0 13 lOO 
6-18" 15 100 0 0 100 0 0 15 100 
18" -5 I 0 
5-10' 9 100 0 0 100 0 0 9 l 0 0 
10-20' 18 100 0 0 100 0 0 18 100 
20'+ 5 100 0 0 100 0 0 5 10 0 
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TABLE M-4 INSTALLATION: SIERRA AD 

CONTAMINANT: PB 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

===============================================================~====== 

0-6" l 1 85 2 15 
6-18" 15 100 0 0 
l 8" -5' 
5-10' 9 100 0 0 
10-20' 18 100 0 0 
20'+ 5 100 0 0 

TABLE M--5 

CONTAMINANT: AG, AS, HG, SE 

ND < TEP LIMIT 
DEPTH # # 

100 
100 

100 
100 
100 

TOTAL % 
ND OR < 
TEP LMT 

0 0 13 100 
0 0 15 LOO 

() 

0 0 ~ LOO 
0 0 18 l () 0 
0 0 5 LOO 

INSTALLATION: SIERRA AD 

> TEP LIMIT TOTAL 
# % # \ 

=====================================================================~ 

0-6" 13 100 0 0 100 0 0 13 
6 - 18" 15 100 0 0 100 0 0 15 
18"-5 I 0 
5-10' 9 100 0 0 100 0 0 9 
10-20' 18 100 0 o 100 0 0 18 
20'+ 5 100 0 0 100 0 0 5 

TABLE M-6 INSTALLATION: SIEflHA AD 

CONTAMINANT: ROX 

ND < GUlDELINE 
DEPTH # # % 

TOTAL ~ 

ND OR < 
GUIDLN 

> GUIDELINE 
# .... 

·• 
TOTAL 

100 
l 0 0 

LOO 
100 
LUO 

•· 
~ 

======================================================~============~=~ 

0-6" 9 69 4 31 100 0 0 13 lUO 
6-18" 15 100 0 o 100 0 0 L 5 100 
18" -5 I 0 
5 - l 0 J 8 89 1 11 100 0 0 9 100 
10-20' 16 89 2 11 100 0 0 18 100 
20'+ 5 100 0 0 100 0 0 5 100 
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TABLE M-7 INSTALLATION: SIERRA AD 

CONTAMINANT: HMX 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

) au:1ELINE 
# % 

TOTAL 
# .. . 

==================================================================~==~ 

0-6" 9 69 4 31 100 0 0 13 
6-18" 14 93 l 7 100 0 0 15 
18"-5, 0 
5-10' 9 100 0 0 100 0 0 9 
10-20' 18 100 0 0 100 0 0 lB 
20 I+ 5 100 0 0 100 0 0 5 

TABLE M-8 INSTALLATION: SIERRA AD 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # % # ~-

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# ~-

TOTAL 
# 

100 
100 

lOO 
l ll 0 
100 

., 
·• 

=================================================================== .-: 
0 ·-6" 12 92 1 8 100 0 0 L :.i 
6-18" . 15 100 0 0 100 0 0 15 
18"-5' 0 
5-10' 8 89 1 11 100 0 0 9 
10-20' 18 100 0 0 100 0 0 18 
20 I+ 5 100 0 0 100 0 0 5 

TABLE M-9 INSTALLATION: SIEfiRA AD 

CONTAMINANT: TETRYL 

ND < GUIDELINE 
DEPTH % # 

TOTAL % 
ND OR < 
GUIDLN 

> GU.IDELINE 
# % 

TOTAL 

lUU 
LUO 

100 
LOO 
LOO 

.. • 
====================================================================~~ 

0--6" 1 1 85 2 15 100 0 0 13 l ll () 
6-18" 13 87 ') 13 100 0 0 15 LOO ... 
l 8 11 -5 I 0 
5-10' 9 100 0 0 100 0 0 9 LOO 
10-20' 18 100 u 0 100 0 0 lU LOU 
20'+ 5 100 0 0 100 0 0 5 100 
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TABLE M-10 INSTALLATION: SIERRA AD 

CONTAMINANT: 2, 6-DNT 

TOTAL ~~ 

ND < GUIDELINE ND OR < > GUIDELlNE TOTAL 
DEPTH # # % GUIDLN # % # ~ 

=================================================================~~=== 

0-6" 13 100 0 0 100 0 0 13 100 
6- l 8" i5 100 0 0 100 0 0 15 100 
18"-5 J 0 
5-10' 9 100 0 0 100 0 0 ~ 100 
10-20' 18 100 0 0 100 0 0 l8 100 
20'+ 5 100 0 0 100 0 0 5 1()0 

TABLE M-11 INSTALLATION: S[ERRA AU 

CONTAMINANT: 2, 4-DNT 

TOTAL % 
ND < GUIDELINE ND OR < > GUIDELINE TOTAL 

DEPTH # " # % GUIDLN # ' # % 
====================================================================== 
0--6" 9 69 4 31 100 0 0 13 
6-18" 15 100 0 0 100 0 0 15 
18"-5 1 0 
5-10' 9 100 0 0 100 0 0 9 
10·-20' 18 100 0 0 100 0 0 1 a 
20'+ 5 100 - 0 0 100 0 0 5 

TABLE M-12 INSTALLAT10N: SIERRA AD 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH 

< GUIDELINE 
# % 

TOTAL % 
ND OR <. 

GUIDLN 
> GUIDELINE TOTAL 

# 

lOU 
100 

100 
100 
100 

., .. 
=~==================================================================== 

0-6" 63 81 15 19 100 0 0 78 100 
6- 18" 87 97 3 3 100 0 0 80 10 0 
18"-5 I 0 
5-10' 52 96 2 4 100 0 0 54 100 
10-20' 106 98 2 2 100 0 0 108 100 
20'+ 30 100 0 0 100 0 0 30 100 
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TABLE M-13 INSTALLATION: S lERRA AD 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIM [T 

# '• 

TOTAL 
# 

==========================~=================~=======================~= 

0-6" 95 91 9 9 100 0 0 l 0 <l 100 
6-18" 120 100 0 0 100 0 0 120 100 
18"-5, 0 
5 -10, 72 100 0 0 100 0 0 7:::'. LU 0 
10-20' 144 100 0 0 100 0 0 L :r 4 l () () 
20'+ 40 100 0 0 100 0 0 40 100 

TABLE M-14 INSTALLATION: SIERHA AD 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# 

TOTAL % 
ND OR < 
LMT/GDL 

> TEP LIMIT 
OR GUIDELINE 

# % 
TOTAL 

# % 
====================================================================== 
0-6" 2 15 1 1 85 100 0 0 l 3 100 
6-18" l2 80 3 20 100 0 0 15 l () 0 
18"-5' 0 
5-10' 8 89 1 1 1 100 0 0 9 LOO 
10-20' 16 89 2 11 100 0 0 18 LU 0 
20'+ 5 100 0 0 100 0 0 5 100 
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Figure M-1. 
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Figure M-2. 
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APPENDIX N 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
TOOELE ARMY DEPOT 

TOOELE, UTAH 

1. ENVIRONMENTAL SETTING. 

a. General Physiography and Stratigraphy. Tooele AD Is located 
appi-uxlmately 2 miles south of Tooele, Utah, and 25 mlles southwest of 
Salt Lake City. The OB area at Tooele AD was situated at the base of the 
Stansbury and South Mountains In the block-faulted, structural trough which 
forms the Tooele Valley. Sedimentology of the OB area consisted of 
constructional lake shore features underlain by Lake Bonneville and 
pre-Lake Bonneville deposits. The actual burning pads were located In an 
erosional dissection of a hanging delta near the foot of the Stansbury 
Mountains. The contaminated waste area was located at the mouth of this 
erosional opening. 

b. Soils. Borings taken In the OB area show that the soil ls composed 
of varved silts, sands and clays, which are sloped towards the east, 
characteristic of deposition during formation of a delta. 

c. Ground Water. Ground water at the Tooele Valley was located In 
discontinuous granular strata of the valley fill. Recharge was reported as 
belng primarily through gravel benches at the base of mountains surrounding 
the Installation. One of the most significant recharge areas ls the 
Installation's southwest corner, which encompasses the OB area. The depth 
to ground water at the OB site ls unknown. One boring drilled in this 
location, with a total depth of 709 feet, was a dry hole. 

d. Precipitation and Evaporation. The mean annual precipitation In 
the Tooele AO area ls approximately 15 Inches. The mean annual lake 
evaporation In this vicinity Is approximately 42 Inches. 

2. OVERVIEW OF THE BURNING GROUND. Open burning activities at Tooele AO 
have been performed at a remote location near the southwestern corner of 
the north area of the installation. The OB sites consist of a burn pad and 
several burn pits. The burn pad, approximately 100 by 300 feet In size, 
has been used for the burning of propellant and for the flashing of 
projectiles. The burn pits have been used for the OB of 
explosive-contaminated waste such as dunnage, metal banding, anvnunition 
boxes, and other similar wastes from munitions handling operations. A 
drawing of the OB area is provided ln Figure N-1. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 34, for a detailed discussion of this Investigation. Phase 2 
sampling was conducted on 25-26 September 1981. A total of 14 samples were 
collected from 7 sites at the burning pad. Samples were composited for 
depths of 0-6 Inches, and 6-18 Inches. 
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b. Phase 4 Sampling Methodologies and Locations. See Append1x A, 
reference 35, for a deta11ed d1scuss1on of th1s 1nvestigation. Phase 4 
sampling was conducted during the period 27 July to 10 August 1984. Seven 
boreholes were drilled, from wh1ch 26 samples were collected. The depths 
of the boreholes ranged from 5 to 20 feet. At each s1te, samples were 
collected from the surface and at 5-foot 1ntervals to the bottom of the 
boreholes. As shown 1n figure N-1, the boreholes were located In and 
around the burn pad as well as the burn p1ts. 

c. Analyt1cal Results of Sampling Investigations. Analyt1cal results 
are summar1zed In Tables N-1 through N-10 and Figures N-2 and N-3. 

<l> Metals. No TEP metals were detected. 

(2) Explos1ves. No explos1ves were detected 1n concentrat1ons 
wh1ch exceeded the 1,000 µg/g reactlv1ty gu1del1ne. Explos1ves were 
detected In trace concentrations 1n 38 percent of the samples collected 
from the top 18 Inches of soils. No explos1ves were detected In samples 
collected at greater depths. 

d. Site Operations. In the past, wastes unrelated to explosives have 
been burned In the OB pits. 

4. CONCLUSIONS. 

a. As shown In Table N-10, no samples contalned contaminants in 
concentrat1ons which exceeded the appl1cable TEP llm1ts or guidelines. 
Trace lev~ls of explos1ves were detected ln 38 percent of the samples 
collected from depths less than 18 Inches. 

b. So1ls contam1nat1on at the OB site ls ins1gnlf1cant. 
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TABLE N-1 INSTALLATION: TOOELE AO 

CONTAMINANT: EACH METAL 

ND 
DEPTH # o, ... 

< TEP LIMIT 
# 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# ~, 

TOTAL 
# 

============================~========================================= 

0--6" 14 100 0 0 100 0 0 14 
6- 18" 7 100 0 0 100 0 0 7 
18" -5' ~ 100 0 0 100 0 0 g 
5-10' 6 100 0 0 100 0 () fj 
10-20' 4 100 0 0 100 0 0 'I 

TABLE N-2 INSTALLATION: TOOELE AD 

CONTAMINANT: ROX 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OH < 
GU IDLN 

> GUIDELINE 
# % 

TOTAL 
# 

100 
LOO 
1 0 () 
LOO 
L 0 0 

., -· 
==============================================================~======= 

0-6" 11 79 3 21 100 0 0 14 
6 - l 8" 5 7 1 ') 29 100 0 0 7 ... 
lB"-5' 9 100 0 0 100 0 0 ~ J 
5 -10, 6 100 0 0 100 0 0 6 
10-20' 4 100 0 0 100 0 0 4 

TABLE N-3 INSTALLATION: TOOELE AD 

CONTAMINANT: HMX 

ND 
DEPTH 0/ .. < GUIDELINE 

# 

TOTAL % 
ND OR < 
GlJID LN 

> GUIDELINE 
# % 

TOTAL 

lOO 
100 
100 
LOO 
l () 0 

., 
·o 

====================================================================== 

0 -6" 11 79 3 21 100 0 0 14 100 
6-18" 6 86 l 14 100 0 0 7 100 
18" -5, 9 100 0 0 100 0 0 9 L 0 0 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 4 100 0 0 100 0 0 4 100 

N-4 



TAllLE N-4 INSTALLATION: TOOELE AD 

CONTAMINANT: TNT 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE TOTAL 
# % ., 

·• 
=====================================================================~ 

0-6" 12 86 2 
6- 18" 6 86 1 
18"-5' 9 100 0 
5-10' 6 100 0 
l 0-- 2 0' 4 100 0 

14 100 
14 100 

0 100 
0 100 
0 100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
7 
9 
6 
4 

TABLE N-5 INSTALLATION: TOOELE AD 

CONTAMINANT: TETRYL 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

100 
lOO 
l () 0 
100 
100 

====================================================================== 
o-o" 14 100 
6-18" 7 100 
18"-5. 9 100 
5-10' 6 100 
10-20' 4 100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

100 
100 
100 
100 
100 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

14 
7 
9 
6 
4 

TABLE N-6 INSTALLATION: TOOELE AD 

CONTAMINANT: 2, 6-DNT 

ND 
DEPTH # % 

< GUIDELINE 
# ~ 

TOTAI. % 
ND OR < 
GUIDLN 

> GUIDELINE 
# ~ 

TOTAL 
# 

100 
l 0 0 
100 
100 
LUO 

., 
• 

====================================================================== 
0-6" 13 93 1 
6-18" 7 100 0 
18"-5. 9 100 0 
5-10' 6 100 0 
10-20' 4 100 0 

7 100 
0 100 
0 100 
0 100 
0 100 

N-5 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

l'-l 
7 
<) 

6 
4 

100 
l 0 (} 
100 
100 
LOO 



TABLE N-7 INSTALLATION: TOOELE AD 

CONTAMINANT: 2,4-DNT 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OH < 
GUIDLN 

> GUILELINE 
# % 

TOTAL 
# 

., 
0 

=====================================================================~ 

0 -6 II 14 100 0 0 100 0 0 l '~ 
6-18" 6 86 1 14 100 0 0 7 
18"-5 I 9 100 0 0 100 0 0 y 
5-10' 6 100 0 0 l 0 0 0 0 ti 
10-20' 4 100 0 0 100 0 0 ·1 

TABLE N-8 INSTALLATION: TOOELE AD 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH 

< GUIDELINE 
# 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE TOTAL 
# ,. 

100 
l 0 0 
100 
100 
100 

.. -· 
======~=============================================================== 

0-6" 75 89 9 1 l 100 0 0 84 
6-18" 37 88 5 12 100 0 0 42 
l 8" -5' 54 100 0 0 100 0 0 54 
5-10' 36 100 0 0 100 0 0 :i 6 
10-20' 24 100 0 0 100 0 0 24 

TABLE N-9 INSTALLATION: TOOEL~ AD 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP. LIMIT 
# 

TOTAL 
# 

100 
l 0 0 
100 
100 
100 

====================================================================== 

0-6" 112 100 0 0 100 0 0 l l :; 100 
6- l 8" 56 100 0 0 100 0 0 56 100 
18 "-5 I 72 100 0 0 100 0 0 72 100 
5 - l 0' 48 100 0 0 100 0 0 48 lUO 
10-20' 32 100 0 0 100 0 0 32 100 

N-6 



TABLE N-10 INSTALLATION: TOOELE AD 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # 

< TEP LIMIT 
OR GUIDELINE 

# % 

TOTAL % 
ND OR < 
LMT/GDL 

> TEP LIMIT 
OR GUIDELINE 

# % 
TOTAL 

# 

===========================================================~=~~===~=~= 

0 -6 II 10 71 4 29 100 0 0 14 100 
6-18" 3 43 4 57 100 0 0 7 100 
18"-5 I 9 100 0 0 100 0 0 g L 0 0 
5-10' 6 100 0 0 100 0 0 6 100 
10-20' 4 100 0 0 100 0 0 4 LOO 
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Figure N-3. 
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APPENDIX 0 

SUMMARY OF OB SOIL INVESTIGATIONS AT 
VOLUNTEER ARMY AMMUNITION PLANT 

CHATTANOOGA, TENNESSEE 

l. ENVIRONMENTAL SETTING. 

a. General Physiography and Stratigraphy. 

<l> Regional. Volunteer AAP is located w1th1n the Appalachlan 
Valley Phys1ograph1c Province. This province Is flanked on the east by the 
Blue R1dge Mountains and on the west by the Appalach1an Plateaus Province. 
Elevations range from 680 feet above MSL at the southwestern corner to 
1, 100 feet above MSL In the southern part of the magazine area. Most of 
the 1nstallat1on ls underlain by the Knox group, an undifferentiated 
sequence of gray, cherty, s111c1ous dolomites, characterized by solution 
cavities and channels. 

<2> Local. The burning ground is located 1n the northeast area of 
the installation on an outcrop of the Copper R1dge Dolomite, a lower 
portlon of the Knox group. The formation ls covered by weathered residuum 
and so1l, consisting mostly of a silty, loam topsoil with a sllty clay in 
the subsoil. The depth to bedrock ranges wldely over small, horizontal 
distances from 50 to 150 feet In depth, due primarily to differential 
weathering and solutlon-fllled cav1t1es along the bedrock surface. 

b. So1ls. Soll samples collected from the OB slte conslsted of silty 
clays w1ttlSllght to medium plastlclty. Permeab1llt1es of these samples 
ranged from 7 x lo-s to 4.2 x lo-• cm/sec. These values correspond to 
low permeability to practically 1mpermeable soils. 

c. Ground Hater. Ground water under Volunteer AAP flows 1n a north to 
northwest direction 1n an unconfined aquifer, at an average depth of 120 
feet. The thick overlying residuum contains small pockets of perched water 
which are of essentially no economic value. The burning area contains six 
shallow wells, all of which were completed in perched zones at surface 
depths of 7 to 132 feet. Only one of these wells <Hell No. 19), located 
along the east fence, provides enough water for chemical analysis. The 
location of Hell No. 19 is depicted on the map in Figure 0-1. The other 
wells are considered dry holes. 

d. Precipitation and Evaporation. The mean annual precipitation in 
the Volunteer AAP area is approximately 53 inches. The mean annual lake 
evaporation In thls vicinity Is approximately 36 inches. 

2. OVERVIEW OF THE BURNING GROUND. The active OB operations at Volunteer 
AAP are confined to one burning ground located in the northeastern quadrant 
of the Installation. Established in 1969, the lone burning pad at this 
site Is a cut out and leveled area of approximately 75 feet x 350 feet on 
the northeast side of the burning ground. See Figure 0-1 for a map of the 
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burn1ng pad. It was cut out from the north face of a h111 and the 
rema1n1ng three s1des dropped off steeply. The only access to the burning 
pad was a road wh1ch entered the pad on the southwest corner and a set of 
stairs wh1ch ran down the center of the south wall. Most of the drainage 
off the pad was concentrated down the center of the north side, as 
evidenced by a large erosion ditch; however, small erosion patterns were 
seen off the north, east, and west s1des. 

3. BURNING GROUND SITE EVALUATIONS. 

a. Phase 2 Sampling Methodologies and Locations. See Appendix A, 
reference 36, for a detailed discussion of this investigation. Phase 2 
sampling was conducted In February 1982. A total of eight samples were 
collected from five sites at the OB pad. Samples were composited for 
depths of 0-6 inches, and 6-12 inches. 

b. Phase 4 Sampling Methodologies and Locations. See Appendix A, 
reference 37, for a detailed discussion of thls investigation. Phase 4 
sampling was conducted during the period 4-9 November 1983. A total of 58 
samples were collected from 11 boreholes located in the Immediate vicinity 
of the OB pad. The sampling schedule used on the burning pad was to take 
an initial sample at a depth of 1-1/2 to 2 feet and every 5 feet or change 
of strata, thereafter, down to 35 feet. Initial sampling started at 1-1/2 
feet because results from the surface to 1 ft had previously been recorded 
during the Phase 2 study. Eight of the eleven bore holes encountered 
refusal at depths from 4 to 31 feet, due to chert and other geologic 
formations underlying the pad. As a result, borehole depths ranged from 4 
to 37 feet. Samples were collected using either Shelby tubes or manual 
composites of auger cuttings. 

c. Analytical Results of Sampling Investigations. Analytical results 
are summarized In Tables 0-1 through 0-8, and Figures 0-2 and 0-3. 

<1> Metals. No TEP metals were detected. 

<2> Explosives. Three samples contained TNT, 2,6-DNT, and 2,4-DNT 
In concentrations which exceeded the 1 ,000 µgig reactivity guideline. 
These three samples were collected from the top 18 inches of soil at two 
locations. Samples from the top 18 inches at one other location contained 
significant levels of explosives. Surface samples from two other locations 
contained only trace concentrations of these compounds. Trace concen
trations were detected in 25 percent of samples collected from the 18-inch 
to 5-foot interval. No explosives were detected In samples collected from 
greater depths. 

d. Site Operations and Design. As d1scussed above, design of the OB 
pad does not prevent the occurrence of run-on and runoff at the site. 
Erosion ditches were located on all sides of the OB pad. 

0-3 
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4. CONCLUSIONS. 

a. As shown tn Table 0-8, samples contatntng contamtnants 1n excess of 
the applicable TEP limits or reactivity guldel1nes were llm1ted to 37 
percent of those collected from the top 18 tnches of so11. Contaminants 
were detected tn trace concentrattons In 25 percent of the samples from the 
18-lnch to 5-feet hor1zon. No contam1nants were detected tn samples 
collected from greater depths. 

b. S1gn1f1cant soils contamination probably exists at the OB stte. 
This statement cannot be made conclustvely because only a limited number of 
samples were collected from the soils near the surface, and these samples 
contained a wide range of explosives concentrations. What contamination Is 
present Is 11mlted to the top18 1nches so11 

c. Horizontal surface migration of contaminants can be expected in 
conjunction with runoff events. Thts ts due to the tmpermeable nature of 
the surface soils and the ex1stence of runoff ditches at the OB stte. 

d. The primary contamtnants were TNT, 2,6-DNT, and 2,4-DNT. 

0-4 



TABLE 0-1 INSTALLATION: VOLUNTEER AAP 

CONTAMINANT: EACH METAL 

ND < TEP LIMIT 
DEPTH # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP LIMIT 
# % 

TOTAL 
# 

====================================================================== 

0-6" 5 100 0 0 100 0 0 5 LOO 
6- l 8 II 3 100 0 0 100 0 0 3 100 
18"-5. 20 100 0 0 100 0 0 20 LOO 
5-10' 10 100 0 0 100 0 0 L 0 100 
10-20' 12 100 0 0 100 0 0 L~ l 0 (j 
20'+ 16 100 0 0 100 0 0 16 L 0 0 

TABLE 0-2 INSTALLATION: VOLUNTEER AAP 

CONTAMINANT: TNT 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 

====================================================================== 

0-6" 2 40 2 40 80 l ~o 5 LOO 
6-18" 0 0 1 33 33 2 67 3 LOO 
18"-5. 17 85 3 15 100 0 0 20 LOU 
5-10' 10 100 0 0 100 0 0 LO 100 
10-20' 12 100 0 0 100 0 0 12 100 
20'+ 16 100 0 0 100 0 0 lti l 0 0 

TABLE 0-3 INSTALLATION: VOLUNTEER i\r\P 

CONTAMINANT: 2, 6-DNT 

ND < GUIDELINE 
DEPTH # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIUELINE 
# % 

TOTAL ., 
0 

=========================================================~=~=~=====~== 

0-6" 0 0 4 80 80 1 20 5 l 0 0 
6- 18" 0 0 1 33 33 2 67 3 100 
18"-5. 17 85 3 15 100 0 0 20 100 
5-10' 10 100 0 0 100 0 0 10 100 
10-20' 12 100 0 0 100 0 0 12 L 0 0 
20'+ 16 100 0 0 100 0 0 16 100 

0-5 



TABLE 0-4 INSTALLATION: VOLUNTEF.H AA!' 

CONTAMINANT: 2, 4-DNT 

ND < GUIDELINE 
DEPTH # # % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

===~===================================:=======;====================== 

0-6" 0 0 4 80 80 1 20 5 L 0 0 
6- l 8" 0 0 l 33 33 ') 67 3 LOO .. 
18" -5, 17 85 3 15 100 0 0 20 L 0 0 
5-10' 10 100 0 0 100 0 0 l 0 l u () 
10-20' 12 100 0 0 100 0 0 12 L 0 0 
20'+ 16 100 0 0 100 0 0 16 LU 0 

TABLE 0-5 INSTALLATION: VOLUNTEER AAP 

CONTAMINANT: ROX, HMX, OR TETRYL 

ND < GUIDELINE 
DEPTH # % # ,. 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE 
# % 

TOTAL 
# 

====================================================================== 

0-6" 5 100 0 0 100 0 0 ~ LO 0 
6-18" 3 100 0 0 100 0 0 :J 100 
18"-5, 20 100 0 0 100 0 0 20 100 
5-10' 10 100 0 0 100 0 0 10 LOO 
10-20' 12 100 0 0 100 0 0 12 100 
20'+ 16 100 0 0 100 0 0 16 100 

TABLE 0-6 INSTALLATION: VOLUNTEER AAP 

CONTAMINANT: SUM OF EXPLOSIVES DATA 

ND 
DEPTH # % 

< GUIDELINE 
# % 

TOTAL % 
ND OR < 
GUIDLN 

> GUIDELINE TOTAL 
# % ., 

• 
====================================================================== 

0-6" 17 57 10 33 90 3 10 30 100 
6- l 8" 9 50 3 17 67 6 33 18 100 
18"-5' 1 l 1 93 9 8 100 0 0 120 100 
5-10' 60 100 0 0 100 0 0 60 100 
10-20' 72 100 0 0 100 0 0 72 100 
20'+ 96 100 0 0 100 0 0 96 100 
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TABLE 0-7 INSTALLATION: VOLUNTEER AAP 

CONTAMINANT: SUM OF METALS DATA 

ND < TEP LIMIT 
DEPTH # # % 

TOTAL % 
ND OR < 
TEP LMT 

> TEP L _,'"fIT 
# 

TOTAL 

================================================================~==~== 

0-6" 40 100 0 0 100 0 0 "10 l () (l 
6-18" 24 100 0 0 100 0 0 24 l () 0 
18"-5' 160 100 0 0 100 0 0 160 l 0 () 
!1 ·- l 0 , 80 100 0 0 100 0 0 80 L 0 0 
10--20' 96 100 0 0 100 0 0 ~Hi IDU 
20'+ 12 8 100 0 0 100 0 0 128 100 

TABLE 0-8 INSTALLATION: VOLUNTEEft /\AP 

CONTAMINANT: SUMMARY FOR ALL CONTAMINANTS 

ND 
DEPTH # " 

< TEP LIMIT 
OR GUIDELINE 

# 

TOTAL % 
ND OR <. 

LMT/GDL 

> TEP LIMIT 
OR GUIDELINE 

# % ... .... 
TOTAL 

==================================================================~~== 

0-6" 0 0 4 80 80 1 20 5 100 
6 -18 II 0 0 l 33 33 2 67 3 100 
18"-5' 15 75 5 25 100 0 0 20 100 
5-10' 10 100 0 0 100 0 0 10 L 0 0 
10-20' 12 100 0 0 100 0 0 12 100 
20'+ 16 100 0 0 100 0 0 16 LOO 
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Figure 0-3. 
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APPENDIX P 

CONCLUSIONS AND RECOMMENDATIONS FROM PHASE 3 OB/OD REPORT 
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1 . CONCLUSIONS. 

a. N1nety-n1ne percent of the res1dues and sells tested contained no 
RCRA TEP metals. 

b. N1nety-e1ght percent of the res1dues and solls tested contalned 
levels of exploslves less than 1 ,000 µg/g. 

c. Hh1le the residues and soils are potentially react1ve, 1n reality It 
Is un1lkely that the concentrations of explosives found In this study would 
present a reactive danger according to the newly accepted Bureau of Mlnes 
reactivity tests. 

d. Almost all AMC installations can confidently continue to conduct 
current OB/OD operations, provlded greater emphasls ls given to facility 
and resldue management. 

e. Due to a favorable ambient env1ronment, large-scale OB/OD 
operatlons can best be conducted at the slx western-area DESCOM 
lnstallat1ons, AMCCOM's Hawthorne AAP, and the three TECOM lnstallatlons 
studied. 

f. Several OB/OD facilities in flood hazard areas will have to be 
upgraded, relocated, or closed. 

g. Use of the OB/OD site selection guidelines seems to be a rat1onal 
way to select relocated or new OB/OD s1tes to reduce potential Impacts to 
human health or to the environment. 

h. The lists of "good and poor" practices outl1ned for OB/OD 
facll1t1es and operatlons are an excellent gu1de to help preclude 
deleterious health or envlronmental lmpacts. 

i. The TEP metals of concern from the study are lead, cadmium, and, to 
a 11mited extent, barium. 

j. The explosives most frequently encountered 1n the analyses were 
2,4,6-TNT, ROX, and HMX. 

k. The chemical content of certain explosives In residues may present 
a real toxicity danger to human health and to the environment wh1ch must be 
researched. 

1. Any data on TEP metals, reactivity, or chemical toxicity must be 
tempered with a full geohydrological site evaluation to 1nterpret a site's 
total 1mpact to human health and aquatic biotas. 

m. The results of this study, coupled with the proposed OB/OD s1te 
selection guidelines, should be formulated Into a po11cy statement 
regarding the s1tlng of new or relocated 08/00 fac111tles. 
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n. Observat1ons c1ted 1n the sect1on on "good and poor" operat1onal 
pract1ces should be formulated Into an OB/00 operat1onal policy. 

2. RECOMMENDATIONS. The follow1ng recommendat1ons are based on good 
env1ronmenta1 engineering practices. 

a. Continue to operate currently act1ve OB/OD facilities, prov1d1ng 
greater emphas1s on facility and residue management. 

b. Conduct the large-scale OB/OD workloads In principally the slx 
western-area DESCOM Installations, AMCCOM's Hawthorne AAP, and the three 
western TECOM 1nstallat1ons. 

c. Upgrade, relocate, or close those OB/OD facllltles located In 
regulatory flood hazard areas. 

d. Determine the reactivity of OB/OD residues using the newly EPA
approved Bureau of Mines reactivity test procedures. 

e. Develop a pol1cy statement for OB/OD facility manager and operators 
Incorporating the "good and poor" operational pract1ces at OB/OD fac111tles. 

f. Develop a policy statement concerning the use of the proposed OB/OD 
site selection guidelines for establishing or relocating OB/OD facilities. 

g. Institute a program with the appropriate research and development 
agency within the Department of the Army to determine and evaluate the 
chemical toxicity of munitions-related metals and explosives. 
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APPENDIX Q 

SPECIFIC INFORMATION ON THE PROCEDURES USED TO ANALYZE FOR REACTIVITY 
USING THE BUREAU OF MINES TESTS 

1. GENERAL. The Bureau of Ml nes has developed two procedures to be used 
to analyze a sample for react1vlty. These two test are detalled In 
paragraphs 2 and 3 below. These tests were developed to determlne If solid 
wastes exhlblt the followlng reactive hazardous characterlstlcs cited In 40 
CFR 261.23(a)(6) and <7): 

a. Capable of detonation or exploslve reaction if subjected to a 
strong lnltlatlon source or 1f heated under confinement. 

b. Readily capable of detonat1on or explos1ve decomposltlon or 
reactlon at standard temperature and pressure. 

2. US INTERNAL IGNITION TEST. 

a. The experlmental arrangement for thls Bureau of Mines test ls shown 
In Figure Q-1. The sample of mdter1al to be tested is contalned in an 
18-lnch (45.7 cm) length of "3 1n schedule 80 11 carbon steel pipe w1th 
lnslde diameter 2.9 inch <7.37 cm), wall thlckness 0.30 inch <0.76 cm>, 
capped at both ends with "3000 lb" forged steel plpe caps. 

b. The sample ls subjected to the thermal and pressure stimulus 
generated by an lgnltor conslstlng of 0.7 oz (20 g) of grade FFF 9 black 
powder located at the center of the sample vessel. The lgnltor assembly 
consists of a cyllndrlcal container 0.81 inch <2.06 cm> In diameter and 
2.5-inch (6.4 cm) long, which ls made of 0.01-lnch <0.0254 cm> thick 
cellulose acetate whlch ls held together by two layers of nylon fl lament 
reinforced cellulose acetate tape. The lgnltor capsule contains a small 
loop formed from a 1-lnch <2.54 cm) length of nickel-chromium alloy 
resistance wlre 0.012 Inch <0.030 cm> ln diameter, having a resistance of 
0.343 ohms. Thls loop ls attached to two lnsulated copper-tinned lead 
wires 0.026 Inch <0.066 cm) In dlameter. The overall wire diameter 
Including Insulation ls 0.05 inch CO. 127 cm>. These lead wlres are fed 
through small holes In a brass disc approximately 0.4 lnch (l cm> In 
diameter and 0.03-lnch <0.08 cm> thick, which ls soldered to the end of a 
9-lnch (23 cm) length of 1/8 inch steel pipe havlng a diameter of 0.405 
Inch <l.03 cm>, which ls threaded at the other end and screwed Into a 
threaded hole on the inside of one of the pipe caps. This pipe supports 
the lgnltor capsule and serves as a channel for the ignltor wires. The 
ignltor is fired by a current of 15 amperes obtained from a 20-volt 
transformer. 

c. The criterion currently used in the lnterpretatlon of this test is 
that for a positive result, either the plpe or at least one of the end caps 
be fragmented Into at least two dlstlnct pieces, 1.e., results In which the 
plpe Is merely split or laid open or In which the plpe or caps are 
distorted to the point at which the caps are blown off are consldered to be 
negative results. Although It may be argued that a small number of 
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fragments does not 1nd1cate the development of a detonatton, 1t at least 
1nd1cates a very rapidly r1s1ng pressure wh1ch in a larger sample could 
lead to development of detonat1on. 

3. US GAP TEST. 

a. The apparatus for the US Gap Test, the second Bureau of Mines 
reacttvtty test, Is shown 1n Figure Q-2. The test sample Is contained tn a 
cy11nder conststtng of a 16-tnch (40.6-cm> length of 1 1/2-lnch schedule 80 
black seamless steel pipe. A mild steel witness plate 6-lnches <15.24 cm> 
square and 0.125-1nch <0.32 cm> thick is mounted at the upper end of the 
sample tubing and separated from It by spacers 0.062-lnch <O. 16 cm> thick. 
The bottom of the cylinder Is closed with two layers of 0.003-lnch 
<0.008 cm> thick polyethylene sheet held in place with gum rubber bands and 
polyvinyl chloride electrical Insulating tape. There Is no other gap 
between the pentolite booster and the test sample as used In this test. A 
continuous velocity of detonation probe made of thin aluminum tube wtth an 
axtal resistance wtre having a reststance of 7.62 ohms/Inches (3.0 ohms/cm> 
is mounted on the wall of the sample tubtng. The outer tubing of the probe 
1s crimped against the Inner wire at the lower end formtng a resistor. 
When this assembly Is Inserted In a medium whtch transmits a shock wave, 
the outer wall crushes against the Inner wire, as the wave moves up the 
tubtng shortening the effective length and changing the resistance. If a 
constant current <usually 0.06 amperes> Is made to flow between the outer 
and Inner conductors, the voltage between them Is proportional to the 
effective length and can be recorded as a function of the time ustng an 
oscilloscope. The slope of the oscilloscope trace ts thus proportional to 
the velocity of the shock wave. 

b. The apparatus for the gap test for ltqutds ts the same as that for 
solids except that a method of Injecting bubbles Into the liquid sample Is 
provided. The experimental set-up Is given In Figure Q-3. The bubbles are 
Injected by means of a 0.925-lnch <2.35 cm> diameter loop of vinyl plastic 
tubing of the type used for medical catheterlzatlon with an outside diameter 
of 0.07 Inch CO. 18 cm> and a wall thickness of 0.016 Inch <0.04 cm> located 
at the bottom of the sample. This loop ts perforated with two rows of holes 
diametrically opposite to each other with the holes In each row spaced 
0. 125 Inch <0.32 cm> apart. The holes are made by Inserting a 0.05-lnch 
<O. 13 cm> diameter needle through the wall of the tubing. Due to the 
elastic nature of the tubing, the holes contract almost completely when the 
needle Is withdrawn, so the actual hole diameter Is much smaller than 0.04 
Inch <O. 1 cm>. The tubtng Is sealed at one end of the loop with epoxy 
cement and a length of the tubing from the other end of the loop ts led 
outstde to the air supply through a hole tn the steel tubing, which Is 
sealed with epoxy cement. Air Is supplied at a pressure of 0.3 to 1 .0 atm 
<JO to 100 kPa> to obtain a flow rate of 2.5 ft 1 /hr <O. 12 L/mln>. Where 
It ts suspected that the sample may react wtth the steel tube, the lnstde 
of the tube Is sprayed with a fluorocarbon resin coating. 
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c. The sample 1s loaded to the top of the steel tube. For 11qu1d 
samples, adequate ullage should be allowed. Sol1d samples are loaded to 
the dens1ty attained by tapping the cyl1nder until further sett11ng becomes 
1mpercept1ble. The sample at 20 •c ~ 3 •c is subjected to the shock wave 
generated by the detonation of a pentollte <50/50 PETN/TNT> pellet, 2 
1nches <5.08 cm> In d1ameter and 2-lnches <5.08 cm> thick hav1ng a density 
of 1.6 + 0.05 glee. The pentolite pellet 1s butted against the bottom of 
the test sample and ln1tiated with a No. 8 strength detonator. The 
detonator ls held in place by a cork detonator holder. 

d. The criteria for propagation are: 

Cl> A stable propagation velocity greater than 4,900 ft/sec Cl .5 
km/sec> 1s observed. 

(2) A hole 1s punched through the witness plate. 

<3> The sample tube ls fragmented along 1ts entire length. 

The overall test results are considered pos1t1ve 1f any two of the three 
criteria are met. 

4. POSITIVE REACTIVITY TEST. Three trials of both the Internal Ignition 
Test and the Gap Test are performed on each sample. If any one or more of 
these trials provides results, the sample ls determined to be reactive 
based on the Bureau of Mines procedures. 
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APPENDIX R 

PHASE 2 OB/OD FIELD SAMPLING METHODOLOGIES AND PATTERNS 
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l. Because existing OB/OD operations encompass areas ranging from a few to 
hundreds of acres, a full-scale sampling program would involve hundreds of 
samples from each OB/OD facility. The sheer magnitude of samples multi
plied by 14 chemical parameters would be well beyond existing, although 
considerable, Agency analytical capabilities. An alternative sampling 
program was developed to provide a cross-sectional representation of each 
OB/OD facility, with a practical and manageable number of samples. 

2. Using statistician support, three basic sampling methodologies were 
developed. Application of any one or more of the methods was left to the 
discretion of the project officer based on h1s onslte evaluation of 
facilities and operations. The three basic methods are Illustrated In 
Figures R-1 through R-5. 

3. A very simple and common burning ground operation was to burn the 
material In a trench in a long row. In such cases there ls little lateral 
spreading of the waste since the trench confines it. For trenches, samples 
were taken from points 5-feet apart along the lengthwise axis of the 
trench, with a minimum of 3 and a maximum of 10 sampling points <see Figure 
R-l. 

4. Many burning ground areas were located on relatively flat, broad 
expanses of terrain. However. the actual burning facility may be 
considerably smaller, ranging from 10-foot-dlameter circles to 150- to 
200-foot squares. For burning facilities such as these, a circular 
sampling pattern was used <see Figures R-2 and R-3>. A burn facility 5-20 
feet in diameter generally required five sample points. Facilities 20-60 
feet 1n diameter usually required five to nine sample points. Facilities 
greater than 60 feet required proportionally more sample points <see Figure 
R-4). Many burning facilities did not flt rectangular or circular sampling 
modes. Some facilities were "X" or "T" shaped or combinations of all modes 
<see Figure R-5>. Choice of sampling mode, by intent, was at the project 
officer's discretion. 

5. At OB facilities, there was a possibility of taking four samples at 
each sampling point. The Initial sample was from the small piles of ash 
residues, If any. The second sample was a composited surface residue/soil 
sample taken within a 3-foot diameter of the sample point. After the ash 
and surface soils were taken, the 3-foot-diameter circle was further 
cleared of loose surface debris. An augered soil sample, or third sample, 
was then taken from O to 6 inches In depth. The hole was then cleared and 
a second subsurface soil sample, or fourth sample, was taken from 6 to 18 
Inches In depth. 

6. At OD facilities, only surface soil samples were taken. Surface soils 
were recovered at each sampling point from no deeper than 3 Inches. Almost 
universally, a circular mode of sampling was used. 
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Figure R-5. Extended Sampling Pattern 
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7. Upon completion of the sampl\ng scenar1o at each fac111ty, several 
samples <a mln1mum of two at very small fac\lltles> were taken upgradlent 
and downgradlent to provide a clean control background. These samples were 
taken several hundred feet from the known fr\nges of past operations. All 
surface samples were collected w1th a disposable plastic scoop. Subsurface 
soil samples were taken with a stainless steel basket duger. This auger 
was driven by a remote-control, trailer-mounted drill rig. The dr\11 rig 
Is capable of be1ng operated by electric remote control at distances up to 
150 feet. After setup and from a d1stance of 150 feet, the drill was 
rotated 6 lnches 1nto the soil and left to set for 2 minutes. The sample 
was then removed and the procedure repeated for the 6- to 18-lnch sampl~. 
the samples were placed Into 1-quart, stra1ght-slded, glass containers with 
Teflon® lid liner. the following \nformatlon was written on each 
container: sample type, date, location, depth of sample, and lnstallatlon 
name as outlined In the cha1n of custody. A log was kept for each site, 
Including a map of the facility with sample locations marked. 

®Teflon Is a reg1stered trademark of the E. I. Dupont de Nemours and 
Company, Inc., Wilmington, Delaware. Use of trademarked names does not 
Imply endorsement by the US Army but Is Intended only to assist 1n 
ldent1flcatlon of a spec1f1c product. 
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APPENDIX S 

RECOMMENDED OB/OD OPERATIONAL PRACTICES 
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1. GOOD PRACTICES. 

a. Minimizing waste slated for OB/OD by source segregation at the 
points of generation. 

b. Visually inspecting Incoming PEP and ordnance loads to see 1f they 
contain 1tems not Intended to be, or not normally burned or detonated. 

c. Conducting OB/OD operations In good weather cond1t1ons, 
part~cularly observ1ng the spec1f1c prov1slons of the air quality control 
portions of yearly perm1ts or waivers. 

d. Controlling run-on/runoff by appropriately engineered diversion and 
drainage systems. 

e. Using steel pans to open-burn bulk PEP wastes. 

f. Collecting and test1ng residues after each OB operation for EP 
Toxicity metals and reactivity. 

g. Storing residues, pending test results, 1n a facility meeting RCRA 
storage requirements under 40 CFR 264. 170 through 264. 177. 

h. Dispos1ng of hazardous residues at a permitted hazardous waste 
disposal facility. 

i. Disposing of nonhazardous residues In a permitted sanitary 
landfill. 

j. Confining OB/OD operations to as small an area as possible to 
preclude poteritially contaminat1ng large areas. 

k. Locating new OB/OD facilities according to the factors listed In 
Appendix T. 

1. Monitoring local 
explosives, if necessary 
contained In this study. 
unique operations having 
necessary. 

2. PCXlR PRACTICES. 

ground and surface waters, for metals and 
based on hydrogeological interpretations and data 
Monitoring for other Identifiable parameters from 

potential environmental impact may also be 

a. Accumulating large quantities of PEP and ordnance waste onslte 
prior to conducting OB/OD operations. 

b. Burning liquid PEP, sludges, solvents, and oils by dumping waste on 
the ground prior to Ignition. 
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c. Accepting miscellaneous organics for burning merely as a convenlent 
method of disposal. 

d. Accepting, for disposal, certain wastes such as PEP, PCB, DDT, or 
other spec1al1zed organlc formulations wh1ch can only be disposed of under 
controlled 1nclneratlon methods. 

e. Bury1ng any untested residues. 

f. Using residues as a fill mater1al In low areas, In ravines, or In 
dralnageways. 

g. Covering over an OB facility with "clean fill" or "gravel" to 
Improve appearance. <This constitutes disposal as a landfill). 

h. Burning 1ncompat1ble wastes. 
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APPENDIX T 

FACTORS INVOLVED IN 08/00 SITE SELECTION 

1. If performance standards, vis a vis the RCRA regulations, are to be 
achievable, then It logically follows that an 08/00 facility should be 
located 1n a geographical area where "natural" conditions help preclude 
multimedia environmental damage or Impacts to human health. In some 
Instances, such as in the western DESCOM installations, 08/00 grounds were 
fortuitously selected on the basis of remoteness to human populations for 
safety reasons - not necessarily for environmental concern. Fortunately, 
the natural geohydrology, soils, and climatological phenomena at many of 
these depots have obviated a number of adverse environmental concern. 
Fortunately, the natural geohydrology, soils, and climatological phenomena 
at many of these depots have obviated a number of adverse environmental 
Impacts. Unfortunately, these unique phenomena are not the universal 
conditions at 08/00 grounds located In the midwest and eastern environs, 
particularly at AMCCOM Installations, where complex ambient conditions are 
not necessarily optimal for open-air-type thermal treatment/disposal 
systems. 

2. During Phase l, this Agency compiled a set of guidelines or "factors" 
which It used to categorize installations hav1ng a high, med1um, or low 
potential for contaminant migration to surface or subsurface waters. These 
guidelines or factors of consideration, while founded In the technical 
disciplines, are intended for professional/subjective Interpretation. <No 
attempts have been made to develop a complex alpha/numerical matrix-ranking 
system for 08/00 site selection using these factors>. The guidelines are 
not all-Inclusive but are put forth merely as one method of evaluating the 
1mpact of the natural or 1n-sltu conditions at an OB/OD facility. The 
major factors and supportive statements are as follows: 

a. General S1te Selection Indicators. 

<l> Human Populations. More of a problem In midwestern and 
eastern Installations where communities surround 1nstallatlon borders and 
are more Immediately Impacted by noise <facilities must be consistent with 
the Installation Compatibility Use Plan>. air pollutants, or contaminated 
water resources. 

<2> Quantity/distance Relationship. Can be a severe restriction 
In eastern Installations especially If the 08/00 s1te Is relocated [e.g., 
Holston AAP has only one other area for possible OB site relocation even 
though existing Igloo contents would have to be reallocated <quantity/ 
distance>. and visual problems <smoke from the burning of the PEP> would 
Impact on downriver communities]. 

<3> Topography. Important for site access, Isolation against 
sound, and site drainage. Usually slopes >3 percent will require 
surface-water diversion techniques to control run-on/runoff problems. 
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(4) Surface-water 
terms of surface drainage. 
potential for ground-water 
Important factor. 

Bodies. Important from pollution potential in 
May also indicate high ground-water table and 

contamination. Bedrock units may be an 

<5> Floor Hazard Areas. Unless the OB/OD site cannot be relocated 
due to quantity/distance or other space allocation requirements, 1t may 
require special designs to avoid washout of waste during peak floods or 
changes In operational schedules. 

<6> Critical Habitat of Endangered Species. The OB/OD operations 
may Impact on certain species with limited mobility, feeding range, or 
unique flora. 

b. Geologic Units. 

Cl> Stratigraphy. From surface to bedrock units, Identify type 
and thickness of each subsurface geologic unit. 

<2> Regional Geologic Structures. Type of bedrock units, dip/ 
strike of bedrock formations, anticline/syncline features, highly folded/ 
faulted or fractured rock units, karst formations, etc. Uniqueness of 
bedrock units helps determine the Influences on the regional ground-water 
movements. 

c. Soils. The following soil characteristics are Important for an 
understanding of potential contaminant migration from a pollution source: 

<l> Depth of soil overburden above bedrock units. 

<2> Uniformity or stratification of soil types. 

<3> Soil classifications In stratographlc profiles. 

(4) Soll physical data from borings or other sources - compaction, 
compaction permeability, in-situ permeability, grain size distribution, 
Atterberg limits, moisture content, cation exchange capacity, shrink-swell 
potential, etc. 

<5> Soll chemical data in terms of acid versus alkaline soils, 
particularly with reference to metals leaching or retention and inorganic/ 
organic constituents. · 

<a> Acid Soils. Metals In form of leachable nitrates, sulfates, 
chlorides, phosphates. 

Cb> Alkaline Soils. Metals complexed in form of oxides, 
hydroxides, carbonates. 

<6> Drill Logs. Ease of sampling with respect to type of sampler 
used, standard penetration test data, etc. 
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<7> Geophys1cal Data. Se1sm1c and res1st1v1ty prof11es, gama and 
electr1c logg1ng of bore holes 1f ava11able. 

d. Ground Hater. 
by OB/00 operations: 

Uses of local ground waters that may be Influenced 
potable, recreational, lrr1gatlonal, and Industrial. 

Cl) Aqu1fer systems in proxim1ty to OB/OD sites may 1nclude 
unconfined or conf1ned aqu1fers, s1ngle or 1nterconnected aqu1fer systems. 
Aqu~fers may also be shallow of deep, w1th or w1thout a perched table. 

<2> 01rectlon of flow and velocity of ground waters help predict 
contaminant movement. 

<3> Data on the chemical quality of ground and surface waters 
upgradlent and downgrad1ent from OB/OD sites are also helpful 1n 
determ1nlng the level of contaminant 1mpact, If any, to local water 
resources. 

e. Cl1matology. Several factors may Influence the potential for 
contaminant generation and m1gratlon to ground water 1n addition to caus1ng 
a1r pollution problems: 

Cl) Annual Excess Preclpltat1on. 
by preclp1tat1on minus lake evaporation. 
the United States are provided below. 

Th1s factor can be approximated 
Examples of geographic areas 1n 

<a> Bishop, Cal1fornla: -33 1nches/year <similar to Herlong, 
California - S1erra AD>. 

Cb) Independence, Missour1: O Inches/year <Lake C1ty AAP>. 

<c> Chattanooga, Tennessee: ~11 Inches/year <Volunteer AAP>. 

Prec1pltat1on ts also a key factor tn determining potential problems with 
run-on/runoff and subsurfae Infiltration and contaminant movement tn 
permeable soils and bedrock units. 

<2> Smokes from OB/OD operations may exacerbate local air 
pollution problems especially ln areas noted for stagnant air masses or 
in valley situations where 1nverslons are frequent. Drifting smokes may 
greatly affect localized communlttes due to prevall1ng wind patterns. 
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based standards and criteria table are found in the generic closure plan. 
At OB sites, soils will be tested at six inches, one foot and two feet. If no 
residual explosives or metals are found at these depths and are not 
greater than what EPA finds acceptable, then clean closure has been 
achieved. No GW monitoring will be needed at this point. 

Reference and use the UDAEHA Phase 5 report as much as possible to 
help support no contamination below 18 inches at OB sites, no GW 
contamination, or lateral contamination. At OD sites, testing will consist 
only of surface soil sampling. No drilling will be performed at OD sites 
due to the possibility of running into explosives in the subsurface from 
previous detonation operations. The Phase 5 report has good 
justification as to why the Army believes it is dangerous to drill at OD 
sites. Where appropriate, try to justify no wells. Use page 42 and 43 of 
the permit writers guide to aid in the closure of OD sites. Recognize 
however that EPA will not agree with no GW monitoring and that the 
Army has built in a N.O.D. on this issue. 

Phase II is a Contingent Closure Plan (CCP). The CCP will be initiated if 
clean closure can not be achieved at either the OB or OD site. Refer to 
the generic CP for an explanation of the CCP. 

Phase Ill is the Post Closure Care Plan which will be submitted to EPA if 
GW monitoring during the CCP phase shows data higher than EPA finds 
acceptable. 

28. Ammunition becomes hazardous waste upon arrival at the OB/OD site 
when the transfer forms are signed. This is true for all facilities. The 
forms used are DA 4508 and/or DD 1348-1. Some facilities use both, 
others use just one or the other. 

29. The Army has requested not ot mention their past practices in the facility 
description section, but want us to address it in the "Land Use" and in the 
"exposure potential" sections. Soil data can be inserted in the soil 
exposure section. 

30. Replace pyrotechnics, explosives, and propellants with PEP. 

31. In all applications, delete any references to flashing procedures. It was 
decided that flashing is not related to RCRA. 

32. A statement needs to be made in the Contingency Plan that any 
uncontrolled fires (excluding normal treatment operations) at the OB/OD 
site will not be fought, but just contained to the area. This means that 
the fire department would only control brush fires, etc. to contain the 
fire. An example of an uncontrolled fire would be a tractor trailer of PEP 
catching fire. 

33. Address in more detail the Environmental Performance Standards, 40 CFR 
264.601. 

34. Remove all references to US Army Armament Munitions Chemical 
Command, June 1987. 
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September 16, 1988 

35. Tailor your minimum protective distance section after the attached 
example. IF the quantity of waste explosive burned or detonated at your 
facility does not exceed 1,000 pounds, only list the first two lines. Do not 
give EPA more information on this issue than they need. This is just an 
example. Tailor this attachment to your facility. 

36. Delete any reference to economical benefit of open burning or 
detonation as a treatment method. 

37. Insert a land use map for the area surrounding the OB/OD unit. One may 
be found in the ICUZ (NOISE) study. 

38. FORCE COM facilities were found in some instances to not have 
inspection schedules, contingency plans, etc. If this is so, write them for 
the facility to meet the minimum regulatory requirements. 

39. Include an environmental setting discussion for all facilities in Section E. 

BLP/jad 
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7. Thermal treatment operations shall not be conducted 
during electrical storms. 

F-6 Minimum Protective Distances for Organic Explosives anq 
propellants: 265.382 

Organic explosives and propellants are burned or detonated in 
the Ammunition Disposal Area (ADA) in accordance with minimum 
safety distances detailed in 40 CFR 265.382. These safety 
distances refer to the distance from the open burning or open 
deLonation unit to the property of others and are specified in 
the following table: 

MINIMUM SAFETY DISTANCES FOR OPEN BURNING 
AND OPEN DETONATION OPERATIONS 

Quantity of Waste 
Explosives 

O to 100 pounds 
101 to 1,000 pounds 
1,001 to 10,000 pounds 
10,001 to 30,000 pounds 

Minimum Distance from Open 
Burning or Detonation to 

Property of Others 

670 feet 
1,250 feet 
1,730 feet 
2,260 feet 

Open burning and open detonation at UMDA take place at 
distances greater than those required by 40 CFR 265.382. Open 
burning is limited to 10,000 pounds of waste explosives per 
burn. Open burning takes place in Open Burn Area 1 and Open 
Burn Area 2. These areas are located approximately 2,325 feet 
and 2,400 feet, respectively, from the western facility 
boundary, which is the boundary closest to the ADA. 

Open detonation is limited to 100 pounds of waste explosives 
per detonation pit. Open detonation takes place in the Open 
Detonation Area which is located approximately 3,325 feet from 
the western facility boundary. 

Additional security procedures and mechanisms regarding open 
burning and open detonation are detailed in SOP No. 
UM-OOOO-G-007 and SOP No. UM-0000-H-017 (located in Appendices 
D and E). These Standard Operating Procedures identify 
mechanisms and procedures to insure that unauthorized personnel 
cannot enter the OB/OD areas and that OB/OD operations are 
conducted in a manner that does not threaten human health or 
the environment. 
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STATISTICAL EVALUATION OF SOILS CONCENTRATIONS 

INTRODUCTION 

PRIMARY IMPACT AREA 
vs. 

HAZARDOUS WASTE MANAGEMENT UNITS 
(OPEN BURNING AND OPEN DETONATION) 

As part of a Part B permit application for a hazardous waste 
treatment facility, the Navy agreed to conduct an investigation to 
deteLmine whether previous operation of the uni ts has had a 
significant determental effect to human health and the environment. 
Surface soil samples were collected from the Primary Impact Area 
(PIA) ; the Open Burning (OB) unit and the Open Detonation (OD) unit 
within the Bombing Range at the Atlantic Weapons Training Facility 
Vieques, PR, following the sampling protocol Presented In 
Methodology. Statistical Comparison; Primary Impact Area Vs. 
Hazardous Waste Management Units (Open Burning And Open 
Detonation) . 

ANALYTICAL RESULTS 
The soil samples were analyzed according to the Toxicity 
Characteristic Leachate Procedure (TCLP) . The original laboratory 
results of each TCLP analysis of each soil sample are presented in 
Appendicies A, B and C (OB unit, OD unit and PIA, respectively). 
The substantial majority of the TCLP constituents were not detected 
(i.e. were below analytical quantitation limits) in the soil 
extracts from the PIA, OB unit or OD unit. Table 1 identifies 
those constituents. 

STATISTICAL EVALUATION 
The objective of the statistical evaluation is to assess any 
statistically significant differences in TCLP constituent 
concentrations in soils in the PIA and that in the OB or OD units. 

To accommodate the statistical evaluation in those instances in 
which the constituent was not detected, the quantitation limit 
concentration was included in the statistical evaluation. 

For each constituent, these statistics were computed, using sample 
results from the PIA: 

* the 95 percent upper confidence level (UCL95M) of the mean 
concentration, and 

* the 95 percent upper confidence level (UCL955 ) concentration 
of the statistical sample. 

Those "reference" concentrations were compared sequentially to 
results from the OB and OD units, following these steps: 

* the mean concentration of each constituent at the OB was 
compared to the UCL95M of the mean concentration at the PIA; 
if the mean OB concentration was equal to or less than the 
UCL95M of the mean PIA concentration, the OB was judged to 
be not significantly different from the PIA. 



Table 1 
Constituents Not Detected in Any Soil Extract 

HW HW 
Constituent No. Constituent No. 

Endrin D012 1,1-Dichloroethylene D029 
Lindane D013 2,4-Dinitrotoluene D030 
Methoxychlor D014 Heptachlor (& epoxide) D031 
Toxaphene D015 Hexachlorobenzene D032 
2,4-D D016 Hexachlorobutadiene D033 
Sil vex D017 Hexachloroethane D034 
Carbon Tetrachloride D019 Methyl Ethyl Ketone D035 
Chlordane D020 Nitrobenzene D036 
Chlorobenzene D021 Pentachlorophenol D037 
o-Cresol D023 Pyridine D038 
m-Cresol D024 Tetrachloroethene D039 
p-Cresol D025 Trichloroethene D040 
Total Cresol D026 2,4,5-Trichlorophenol D041 
1,4-Dichlorobenzene D027 2,4,6-Trichlorophenol D042 
1,2-Dichloroethane D028 Vinyl Chloride D043 

* if the mean OB concentration exceeded the mean PIA 
concentration for any constituent, each discrete analytical 
result was compared to the UCL95M of the PIA statistical 
sample. 

Appendix D presents the results of those comparisons for both the 
OB and OD units to the PIA. 

DATA EVALUATION 
Of the ten (10) constituents detected in any soil extract, three 
(3) exhibited mean concentrations at the OB or OD exceeding the 
UCL95M from the PIA. Table 2 details those results. 

Table 2 
Mean Concentrations Exceeding UCL95M 

PIA PIA OB Unit OD Unit 
Constituent UCL7M UCL7M 
(HW No.) (ug L) (ug L) Mean Fail Mean Fail 

Cone Ratio Cone Ratio 

Benzene (D018) 4.8 7.0 11.0 1/11 12.7 3/10 

Chloroform (D022) 5.0 5.0 5.7 1/11 

Selenium (DOlO) 0.49 0.49 0.68 8/13 0.52 3/12 



At the OB unit, two (2) organic constituents [in one (1) extract] 
exhibited concentrations exceeding UCL955 • By contrast, selenium 
exceeded UCL955 in more than 60 percent of the extracts. 

At the OD unit, benzene concentrations exceeded the UCL95s in 30 
percent of the extracts. Selenium concentrations exceeded the 
UCL955 in 25 percent of the extracts; however, absence of 
quantifiable selenium concentrations at the PIA resulted in a 
computed UCL955 equal to the quantitation limit of O. 49, and the OD 
concentrations were 0.57, 0.62 and 0.64. 

RECOMMENDATIONS 
The presence of mean concentrations of benzene and selenium at the 
OB and OD units, and chloroform an the OB unit, exceeding the UCL95M 

of the PIA suggests that the OB and OD operations contribute higher 
mass of those constituents to the soil than does bombing in the 
surrounding PIA. Inasmuch as the PIA constitutes "background, 11 the 
soils at the OB and OD units must be characterized as containing 
residual contamination of those constituents. Any Hazardous Waste 
Facility Closure Plan for the OB or OD unit must consider the 
following factors: 

* since benzene and chloroform are volatile, in-situ 
alternatives to reduction of their concentrations should be 
considered; 

* since selenium is occurs naturally in soil, "total 11 

concentrations of the metal should be evaluated for residual 
contamination; and 

* the concentrations of the constituents in the extracts are 
sufficiently low (ug/L range) that assessments of the risk of 
those residual concentrations to human health and the 
environment may be appropriate, prior to committing to 
elaborate removal, in-situ treatment or containment 
alternatives. 





APPENDIX A 

LABORATORY RESULTS 
TCLP ANALYSIS OF SOILS 

IN THE OPEN BURNING UNIT 
OF THE INNER RANGE; VIEQUES, PR 



GP Work Order # 91-03-025 

SAMPLE ANALYSIS REPORT 

Prepared For: 

COMMANDER ATLANTIC DIVISION 
NAVAL FAC.ENG.COM./CODE 181A 

NORFOLK, VA 23511-6287 

PUERTO RICO EXTRACTS 

Prepared By: 

GP Environmental Services 
202 Perry Parkway 

Gaithersburg, Maryland 20877 

April 5, 1991 

ry Director 



04/05/91 

~ork order: 9103025 
~ork ID: PUERTO RICO EXTRACTS 
Date Received: 03/01/91 

COMMANDER ATLANTIC DIVISION 
NAVAL FAC.ENG.COM./COOE 181A 
NORFOLK, VA 23511·6287 
Atten: WAYNE M!tLE~ 

GP ENVIRONMENTAL SERVICES 
ANALYTICAL RESULTS 

SAMPLE IDENTIFICATION 

GP ID Client ID 
9103025·01A OB-2-1 
9103025-01B 
9103025·01C 
9103025-01D 
9103025-01E 
9103025·02A OB-2-1 SPIKE 
9103025·03A OB-5-1 
9103025-03B 
9103025-03C 
9103025-03D 
9103025-03E 
9103025·04A OB-30· 1 
9103025-04B 
9103025-04C 
9103025-04D 
9103025·04E 
9103025-05A TCLPV BLANK 
9103025-05B TCLPO BLANK 
9103025-05C 
9103025-05D 
9103025·05E TCLPM BLANK 
9103025-06A OB-37-1 
9103025·07A OB-38-1 
9103025-07B 
9103025·07C 
9103025-070 
9103025-07E 
9103025-0SA 08·38·1 (SPIKED) 

GP ENVIRONMENTAL SERVICES 
202 Perry Parkway 
Gaithersburg, HD 20877 

Atten: Client Services 
Phone: (800) 926-6802 

Page 



04/08/91 

NOTES: 

GP ENVIRONMENTAL SERVICES 
ANALYTICAL RESULTS 

SAMPLE IDENTIFICATION 

GP ID Client ID 
9103025·09A 08·59·1 
9103025·098 
9103025·09C 
9103025·090 
9103025·09E 
9103025·09F 
9103025-lOA 08·69·1 
9103025-108 
9103025-lOC 
9103025-lOD 
9103025·10E 
9103025·11A 08·77·1 
9103025-118 
9103025·11C 
9103025-llD 
9103025·11E 
9103025 • 11F 
9103025·12A 00·3·1 
9103025·128 
9103025·12C 
9103025-120 
9103025·12E 
9103025·13A 00·17·1 
9103025 · 138 
9103025·13C 
9103025. 13D 
9103025·13E 
9103D25·14A 00·17·1 (SPIKED) 

Additional sa~le results on GP ~ork Orders 91·03·042 and 91·03·051. 

Date collected is the date the TCLP extraction was performed. 

The following s~le bottles were broken during shipment: 08·37·1, 00·25·1, PIA-11·1, 
PIA-119·1. The volatile vials for these s~les were intact. The lab analyzed these 
s~les for volatile organics only. 
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GP ID: 9103025·01A 
Client ID: 08·2·1 
Collected: 03/05/91 

Parameter 
1,1-Dichloroethene 
1,2·D1chloroethane 
1,4-Dichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPOJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
RQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.l im. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL =Below Quantitation Limit-" 

Page 

Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 

3 



GP ID: 91D3025-01B 
Client ID: 0Br2-1 
Collected: ,_03/05/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlurophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8270CTC) 
Units: ug/L 

SEHJVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit __ 

Page 

Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/06/91 

Qualifier 

4 



GP ID: 91D3025·01C 
Client ID: OB·2·1 
Collected: 03/05/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma-BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8080 
Uni ts: ug/L 

CC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

Page 

Analyst: AD 
Analyzed: 03/13/91 
Extracted: 03/06/91 

Qualifier 

5 



GP ID: 9103025·010 
Client ID: oe-2-1 
Collected: 03/05/91 

Parameter 
2,4-D 
Silve:.: 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8150 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 

12 
1. 7 

BQL = Below Quantitation Limit 

Page 

Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 

6 



GP ID: 9103025·03A 
Client ID: 08·5·1 
Collected: 03/05/91 

Parameter 
1,1·Dichloroethene 
1,2·Dicnioroethane 
1,4·Dichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.L im. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL =Below Quantitation Limit 0 

Page 

Analyst: FLP 
Analyzed: 03/11/91 

cual ifier 

7 



GP ID: 9103025-038 
Client ID: OB-5-1 
Collected: 03/05/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-lrichiorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8270(TC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.L im. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BCL 10 
BCL 10 
BQL 10 
BQL so 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL =Below Quantitation Limit-

Page 

Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/06/91 

Qualifier 

8 



GP ID: 9103025-03C 
Client ID: OB-5-1 
Collected: 03/05/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxaphene 
ganma-BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL = Below Quantitation Limit· 

Page 

Analyst: AD 
Analyzed: 03/13/91 
Extracted: 03/06/91 

Qualifier 

9 



GP ID: 9103025·03D 
Client ID: 08·5·1 
Collected: 03/05/91 

Parameter 
2,4-D 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8150 
Units: ug/L 

GC TARGET COHPCXJNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Oet.Lim. 
12 
1.7 

BQL =Below Quantitation Limit_ 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 



GP ID: 9103025·04A 
Client ID: 08·30·1 
Collected: 03/05/91 

Parameter 
1,1·Dichloroethene 
1,2-0ichloroethane 
1,4·Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

2 
BQL 

Notes and definitions for this report: 

Det.Lim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL = Below Quantitation Limit 
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Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 

J 

J = Indicates an estimated value, below method detection limit 



GP ID: 9103025-048 
Client ID: OB-30·1 
Collected: 03/05/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-irichiorophenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNOS 

Result Det.L im. 
BCL 10 
BCL 10 
BCL 10 
BCL 10 
BCL 10 
BCL 10 
BCL 10 
BCL 50 
BCL 10 
BCL 10 
BCL 10 
BCL 10 
BCL 10 

Notes and definitions for this report: 
BCL =Below cuantitation Limit-, 
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Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/06/91 

Qualifier 



GP ID: 9103025·04C 
Client ID: 08·30·1 
Collected: 03/05/91 

Parameter 
Chlordane 
Endrir. 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxaphene 
ganma·BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Oet.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 
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Analyst: AD 
Analyzed: 03/13/91 
Extracted: 03/06/91 

Qualifier 



GP ID: 9103025·04D 
Client ID: 08·30·1 
Collected: 03/05/91 

Parameter 
2,4·D 
Sil vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8150 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Det.L im. 
12 
1.7 

BQL = Below Ouantitation Limit 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 



GP ID: 9103025·05A 
Client ID: TCLPV BLANK 
Collected: 03/05/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: B240TC 
Units: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 
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GP ID: 9103025·058 
Client ID: TCLPO BLANK 
Collected: 03/05/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-irichlorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8270(TC) 
Units: ug/L 

SEHIVOLATILE TARGET COMPOUNDS 

Result Oet.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BOL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL =Below Quantitation Limit. 
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Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/06/91 

Oual ifier 



GP ID: 9103025-05C 
Client ID: TCLPO BLANK 
Collected: 03/05/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxych l or 
Toxaphene 
ganma-BHC (lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.L im. 

0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL = Below Quantitation Limi~ 
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Analyst: AD 
Analyzed: 03/14/91 
Extracted: 03/06/91 

Qualifier 



GP ID: 9103025·05D 
Client ID: TCLPO BLANK 
Collected: 03/05/91 

Parameter 
2,4·0 
Sil vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8150 
Units: ug/L 

GC TARGET COHPaJNDS 

Result 
BQL 
BCL 

Notes and definitions for this report: 

Det.Lim. 
12 
1.7 

BQL =Below Quantitation Limit 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 



GP ID: 9103025-06A 
Client ID: 08-37-1 
Collected: 03/06/91 

Parameter 
1,1-Dichloroethene 
i,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chlorofonn 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL = Below Quantitation Limit 
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Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 



GP ID: 9103025·07A 
Client ID: 08·38·1 
Collected: 03/06/91 

Parameter 
1,1·Dichloroethene 
1,2-D!~hloroethane 

1,4·Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET COMPClJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

2 
BQL 

Notes and definitions for this report: 

Det.L im. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL = Below Quantitation Limit 
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Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 

J 

J = Indicates an estimated value, below method detection limit 



GP ID: 9103025-078 
Client ID: OB-38-1 
Collected: 03/06/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-rrichlurophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRA~TS 
Method: 8270CTC) 
Uni ts: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.L im. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BCL 50 
BCL 10 
BQL 10 
BQL 10 
BCL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit, 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 910l025·07C 
Client ID: 08·38·1 
Collected: 03/06/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma·BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: SU846 8080 
Uni ts: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.L im. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL = Below auantitation Limitc 
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Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/06/91 

Qualifier 



GP ID: 9103025-070 
Client ID: OB-38-1 
Collected: 03/06/91 

Parameter 
2,4-D 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACTS 
Method: S~846 8150 
Units: ug/L 

CC TARGET COMP<XJNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Oet .Lim. 
12 

1. 7 

BQL : Below cuantitation Limit 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Oual i fier 



GP ID: 9103025·09A 
Client ID: 08·59·1 
Collected: 03/06/91 

Parameter 
1,1-Dichloroethene 
1,2·Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

6 
BQL 

Notes and definitions for this report: 

Det.Lim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL " Below Quantitation Limit--
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Analyst: FLP 
Analyzed: 03/11/91 

Oual ifier 



GP 10: 9103025·09C 
Client ID: 08·59·1 
Collected: 03/06/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-lrichloropi'lenol 
2,4-0initrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Ni trobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Units: ug/L 

SEMIVOLATILE TARGET COHPClJMOS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL : Below Quantitation Limi~ 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Oual ifier 



GP ID: 9103025·090 
Client ID: 08·59·1 
Collected: 03/06/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxaphene 
gamna·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BCL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
0. 14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

Page 26 

Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/06/91 

aual if i er 



GP ID: 9103025-09E 
Client ID: OB-59·1 
Collected: 03/06/91 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Units: ug/L 

GC TARGET COMP~NOS 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Paramet_er~~~~~~~~~~~~~-R~e~s~u~lt.:...-~~~~~-D~e~t~.L-i~m=·~~~~~Q~u_a_l_if_i~e_r 
2,4-D BQL 12 
Si l vex BQL 1 . 7 

Notes and definitions for this report: 
BCL =Below Quantitation Limit 



GP ID: 9103025-10A 
Client ID: OB-69-1 
Collected: 03/06/91 

Parameter 
1, 1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET C~POJMDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Motes and definitions for this report: 

Det.Lim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BCL = Below Quantitatfon Limit -
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Ana Lyst: FLP 

Analyzed: 03/11/91 

Qualifier 



GP ID: 9103025·108 
Client ID: 08·69·1 
Collected: 03/06/91 

Parameter 
2,4,S·Trichlorophenol 
2, 4 ,6·i1 I ch lorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitroeenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Units: ug/L 

SEHIVOLATILE TARGET COMPOJNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Oual i fier 



GP ID: 9103025·10C 
Client ID: Q8·69·1 
Collected: 03/06/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET CC»IPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.6 im. 
0. 14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL =Below Quantitation Limi~ 
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Analyst: AD 
Analyzed: 03/15/91 
Extracted: 03/06/91 

Oual i tier 



GP ID: 9103025-100 
Client ID: 08-69-1 
Collected: 03/06/91 

Parameter 
2,4-D 
Sil vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Uni ts: ug/l 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
12 
1. 7 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 



GP ID: 9103025-11A 
Client ID: 08-77-1 
Collected: 03/06/91 

Parameter 
1,l·Ci~hlcroetnene 

1,2-Dichloroethane 
1,4·0ichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET CC»i!Ptl.JNDS 

Result 
BQL 
BQL 
BQL 
BQL 

71 

BQL 
BQL 

13 

BQL 
BQL 

Notes und definitions for this report: 

Oet.l im. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL =Below Quantitation Limit· 
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Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 



GP ID: 9103025-11C 
Client 10: OB-77-1 
Collected: 03/06/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BCL 10 
BQL 10 
BCL 10 
BQL 10 
BCL 50 
BQL 10 
BQL 10 

BCL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quant i tat ion Limit · 
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Analyst : 'fY 

Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103025·110 
Client ID: 08·77·1 
Collected: 03/06/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxych l or 
Toxaphene 
gall'lllil·BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET CQ/olP<l.JNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.L im. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL = Below cuantitation Limit 
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Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/06/91 

aual ifier 



GP ID: 9103025-11E 
Client ID: OB-77-1 
Collected: 03/06/91 

Parameter 
2,4·0 
Sil vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BCL 
BCL 

Notes and definitions far this report: 

Det.Lim. 
12 
1. 7 

BCL =Below Quantitation Limitc 
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Analyst: MN 

Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 



GP ID: 9103025-12A 
Client ID: 00·3·1 
Collected: 03/06/91 

Parameter 
1, 1-Di~h!oroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COHPa.JNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL =Below Quantit1tion Limit 
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Analyst : FL P 
Analyzed: 03/11/91 

Qualifier 



GP ID: 9103025-128 
Client ID: CXl-3-1 
Collected: 03/06/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BCL 10 
BCL 50 
BCL 10 
BCL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BCL = Below Cuantitation Limit. 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103025·12C 
Cll~t ID: 00·3·1 
Collected: 03/06/91 

Parameter 
Chlord~ne 

Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
garrma·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BCL 
BQL 
BCL 
BCL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BCL = Below Cuantitation Limi~ 
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Analyst: AD 
Analyzed: 03/15/91 
Extracted: 03/06/91 

Qualifier 



GP ID: 9103025·12D 
Client ID: co-3·1 
Collected: 03/06/91 

Parameter 
2,4·0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SU846 8150 
Units: ug/L 

GC TARGET COMPCXJNDS 

Result 
SOL 
SOL 

Notes and definitions for this report: 

Dec.Lim. 
12 
1.7 

BQL = Below ouantitation Limit 
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Analyse: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Oual ifier 



GP ID: 9103025-13A 
Client ID: CX>-17-1 
Collected: 03/06/91 

Parameter 
1,1·Dic~lor':!ethene 

1,2-Dichloroethane 
1,4·Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Ch l orobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET CC»4PClJMDS 

l!esul t 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Motes and definitions for this report: 
BQL z Below Quantitation Li•it 

Det.bim. 
5.0 
5.0 
5.0 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: FLP 
Analyzed: 03/11/91 

Qualifier 



GP ID: 9103025-138 
Client ID: 00-17·1 
Collected: 03/06/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6·Trichloropllenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachloropllenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Uni ts: ug/L 

SEMIVOLATILE TARGET COMPOJNDS 

Result Det. Lim. 
BQL 10 
BQL 10 
BCL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103025-13C 
Client ID: C0-17·1 
Collected: 03/06/91 

Parameter 
Chlordane 
Enclr in 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaptlene 
ganma-BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPCXJNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BOL = Below Ouantitation Limit 
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Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/06/91 

Qualifier 



GP ID: 9103025·130 
Client ID: 00-17·1 
Collected: 03/06/91 

Parameter 
2,4·0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8150 
Units: ug/L 

GC TARGET COMPCXJNDS 

Result 
BCL 
BCL 

Notes and definitions for this report: 

Det.Lim. 
12 
1. 7 

BCL =Below Cuantitation Limit_ 
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Analyst: MN 
Analyzed: 03/15/91 
Extracted: 03/07/91 

Qualifier 



GP ID: 9103025·01E 
Client ID: OB·2·1 

Element 
Arsenic 
Bariun 
Caaniun 
Chromiun 
Lead 
Hercury 
Seleniun 
Silver 

GP ID: 9103025-02A 
Client ID: OB·2·1 

Element 
Arsenic 
Bariun 
Cac*niun 
Chromium 
Lead 
Hercury 
Selenium 
Silver 

GP ID: 9103025·03E 
Client ID: OB·5·1 

Element 
Arsenic 
Bariun 
Cac*niun 
Chromium 
Lead 
Mercury 
Seleniun 
Si Iver 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Hethod Result Det.Lim. Uni ts 
HCAW 200.7 BQL 0.5900 mg/L 
HCAW 200.7 0.3220 0.0490 mg/L 
HCAW 200.7 BQL 0.0550 mg/L 
HCAW 200.7 BQL 0.0890 mg/L 
HCAW 200.7 BQL 0.5500 mg/L 
S~846 7470 0.0510 0.0200 mg/L 
HCAW 200.7 BQL 0.4930 mg/L 
HCAW 200.7 BQL 0. 1950 mg/L 

SPllCE 

Method Result Det.Lim. Uni ts 
HCAW 200.7 3.8800 0.5900 mg/L 
HCAW 200.7 7.noo 0.0490 mg/l 
HCAW 200.7 0.9050 0.0550 mg/l 
HCAW 200.7 4.2000 0.0890 mg/l 
HCAW 200.7 3.9600 0.5500 mg/L 
S~846 7470 0.0830 0.0200 mg/L 
HCAW 200.7 1.0100 0.4930 mg/L 
HCAW 200.7 2.4200 0.1950 mg/L 

Hethod Result Oet.Lim. Uni ts 
HCAW 200.7 BQL 0.5900 mg/L 
HCAW 200.7 0.4590 0.0490 mg/L 
HCAW 200.7 BQL 0.0550 mg/L 
HCAW 200.7 BQL 0.0890 mg/L 
HCAW 200.7 BQL 0.5500 mg/L 
S~846 7470 BQL 0.0200 mg/L 
HCAW 200.7 BQL 0.4930 mg/L 
HCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 
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Hatrix: EXTRACTS 
Collected: 03/05/91 

Digested Analyzed by 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IH 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 

Hatrix: EXTRACTS 
Collected: 03/05/91 

Digested Analyzed by 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IH 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 OH 03/29/91 

Hatrix: EXTRACTS 
Collected: 03/05/91 

Digested Analyzed by 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 IH 03/15/91 
03/15/91 OB 03/28/91 
03/15/91 OH 03/29/91 



GP ID: 9103025·04E 
Client ID: OB·30·1 

Element 
Arsenic 
Bariuu 
Caciniuu 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103025·05E 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Lim. Uni ts 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 o.2no 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\.1846 74 70 0.0340 0.0200 mg/L 
MCAW 200.7 BQL 0.4930 mg/L 
MCAW 200.7 BQL 0. 1950 mg/L 

Client IO: TCLPM BLANIC 

Element Method Result Det.Lim. Uni ts 
Arsenic MCAW 200.7 BQL 0.5900 mg/L 
Bariun MCAW 200.7 BQL 0.0490 mg/L 
Caciniun MCAW 200.7 BQL 0.0550 mg/L 
Chromiun MCAW 200.7 BQL 0.0890 mg/L 
Lead MCAW 200.7 BQL 0.5500 mg/L 
Mercury S\.1846 7470 BQL 0.0200 mg/l 
Seleniun MCAW 200. 7 0.8150 0.4930 mg/L 
Silver MCAW 200.7 BQL 0. 1950 mg/L 

GP ID: 9103025-0?E 
Client ID: OB·38·1 

Element Method Result Oet.Lim. Uni ts 
Arsenic MCAW 200.7 1.1600 0.5900 mg/L 
Bariun MCAW 200.7 0.2970 0.0490 mg/L 
Caciniun MCAW 200.7 BQL 0.0550 mg/L 
Chromiin MCAW 200.7 BQL 0.0890 mg/L 
Lead MCAW 200.7 1.1100 0.5500 mg/L 
Mercury S\.1846 7470 BQL 0.0200 mg/L 
Seleniin MCAW 200.7 0.6820 0.4930 mg/L 
Silver MCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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~atrix: EXTRACTS 
Collected: 03/05/91 

Digested Analyzed by 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACTS 
Collected: 03/05/91 

Digested Analyzed by 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACTS 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 OB 03/28/91 
03/15/91 DH 03/29/91 



GP ID: 9103025·08A 
Cl lent ID: OB-38·1 

Element 
Arsenic 
Bariun 
Cadniun 
Chromiun 
Leaa 
Mercury 
Seleniun 
Silver 

GP ID: 9103025·09F 
Cl lent ID: OB-59·1 

Element 
Arsenic 
Bariun 
Cadniun 
Chromiun 
Leaa 
Mercury 
Selenhin 
Si rver 

GP ID: 9103025·10E 
Client ID: OB-69· 1 

Element 
Arsenic 
Bariun 
Cadniun 
Chromiun 
Leaa 
Mercury 
Seleniun 
Silver 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

(SP llCED) 

Method Result Det.Lim. Uni ts 
MCAW 200.7 4.3800 0. 5900 mg/L 
MCAW 200.7 8.4900 0.0490 mg/L 
MCAW 200.7 0.8400 0.0550 mg/L 
MCAW 200.7 4.2400 0.0890 mg/L 
MCAW 200.7 4.2900 0.5500 mg/L 
S\1846 7470 0.1570 0.0200 mg/L 
MCAW 200.7 0.9600 0.4930 mg/L 
MCAW 200.7 2.8400 0.1950 mg/L 

Method Result Oet.L im. Uni ts 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 0.4860 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\1846 7470 0.0350 0.0200 mg/L 
MCAW 200.7 0.5240 0.4930 mg/L 
MCAW 200.7 BQL a. 19so mg/L 

Method Result Det.Lim. Uni ts 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 0.3340 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\1846 7470 BQL 0.0200 mg/L 
MCAW 200.7 0.6340 0.4930 mg/L 

MCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 
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Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 OB 03/28/91 
03/15/91 OH 03/29/91 

Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 OB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 



GP ID: 9103025·11F 
Client ID: oB-n-1 

Element 
Arsenic 
Bariun 
Caaniun 
Chraniun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103025·12E 
Client 10: 00·3·1 

Element 
Arsenic 
Bariun 
Caaniun 
Chraniun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103025·13E 
Client ID: 00·17·1 

Element 
Arsenic 
Bariun 
Cachiun 
Chraniun 
Lead 
Mercury 
Seleniun 
Silver 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Lim. Uni ts 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 0.1820 0.0490 mg/L 
MCAW 200.7 BQL a.OSSO mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\.1846 7470 BQL 0.0200 mg/L 
MCAW 200.7 BQL 0.4930 mg/L 
MCAW 200.7 BQL 0.19SO mg/L 

Method Result Det.L im. Uni ts 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 BQL 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
SIJ846 7470 BQL 0.0200 mg/L 
MCAW 200.7 0.6S60 0.4930 mg/L 
MCAW 200.7 BQL 0.1950 mg/L 

Method Result Det.L im. Units 
MCAW 200.7 BQL O.S900 mg/L 
MCAW 200.7 0.5570 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\.1846 7 4 70 BQL 0.0200 mg/L 
MCAW 200.7 BQL 0.4930 mg/L 
HCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 
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Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/1S/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/lS/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/lS/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/lS/91 DB 03/28/91 

03/15/91 DB 03/28/91 

03/15/91 IM 03/15/91 

03/15/91 DB 03/28/91 

03/15/91 DH 03/29/91 



GP ID: 9103025·14A 
Client ID: 00·17·1 

Element 
Arsenic 
Bariun 
Caaniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

(SPIKED) 

Method Result Det.Lim. Units 
MCAIN 200.7 4.3700 0.5900 mg/L 
MCAIN 200.7 9.5800 0.0490 mg/L 
MCAIN 200.7 0.8730 0.0550 mg/L 
MCAIN 200.7 4. 1500 0.0890 mg/L 
MCAIN 200.7 4.6000 0.5500 mg/L 
S\.1846 7470 0.1710 0.0200 mg/L 
MCAIN 200.7 1 .1300 0.4930 mg/L 
MCAIN 200.7 2.1200 0. 1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 OB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 DB 03/28/91 
03/15/91 OB 03/28/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/28/91 
03/15/91 DH 03/29/91 



APPENDIX 8 

LABORATORY RESULTS 
TCLP ANALYSIS OF SOILS 

IN THE OPEN DETONATION UNIT 
OF THE INNER RANGE; VIEQUES, PR 



- \' 
v 

GP Work Order # 91-03-042 

SAMPLE ANALYSIS REPORT 

Prepared For: 

COMMANDER ATLANTIC DIVISION 
NAVAL FAC.ENG.COM./CODE 181A 

NORFOLK, VA 23511-6287 

PUERTO RICO - EXTRACTS 

Prepared By: 

GP Environmental Services 
202 Perry Parkway 

Gaithersburg, Maryland 20877 

April 3, 1991 



'4/03/91 

~ork order: 9103042 
~ork 10: PUERTO RICO • EXTRACTS 
Date Received: 03/01/91 

COHHANOER ATLANTIC DIVISION 
NAVAL FAC.ENG.CC»4./COOE 181A 
NORFOLK, VA 23511-6287 
Atten: ~AYNE MILLER 

GP ENVIRONMENTAL SERVICES 
ANALYTICAL RESULTS 

SAMPLE IDENTIFICATION 

GP ID Client ID 
9103042·01A TCLPO BLANK · EF1 
9103042·01B 
9103042·01C 
9103042·01D TCLPM BLANK • EF1 
9103042·02A TCLPO BLANK • EF2 
9103042·028 
9103042·02C 
9103042·020 TCLPM BLANK • EF2 
9103042·03A ZHE BLANK 
9103042·04A 00·25·1 
9103042·048 
9103042·05A 00·27·1 
9103042·058 
9103042·05C 
9103042·050 
9103042·05E 
9103042·05F 
9103042·06A 00·27·1 (SPIKED) 
9103042·07A 00·55·1 
9103042·078 
9103042·07C 
9103042·07!> 
9103042·07E 
9103042·08A 00·69·1 
9103042·088 
9103042·08C 
9103042·080 

GP ENVIRONMENTAL SERVICES 
202 Perry Parkway 
Gaithersburg, MD 20877 

Atten: Client Services 
Phone: (800) 926·6802 

Note: Date collected is the date the TCLP extraction was performed. 
Results for other s~les are on GP ~ork Orders #91·03·025 and 91·03·051. 
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14/03/91 GP ENVIRONMENTAL SERVICES 
ANALYTICAL RESULTS 

SA.'IPLE IDENTIFICATION 

GP ID Client ID 
9103042·08E 00·69· 1 
9103042·09A CO· 70· 1 
9103042·09B 
9103042·09C 
9103042·090 
9103042·09E 
9103042·10A ZHE BLANK 
9103042·11A TCLPO BLANK · Ef 1 
9103042·11B 
9103042·11C 
9103042· 110 TCLPM BLANK · Ef 1 
9103042·12A TCLPO BLANK · EF2 
9103042·12B 
9103042·12C 
9103042·120 TCLPM BLANK • EF2 
9103042·13A 00·74·1 
9103042·13B 
9103042· 13C 
9103042· 130 
9103042·13E 
9103042·14A 00·74·1 SPIKE 
9103042·15A PIA-11·1 
9103042· 16A P!A·12·1 
9103042·16B 
9103042·16C 
9103042-160 
9103042·16E 
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GP ID: 9103042-0lA 
Client 10: TCLPO BLANK - EF1 
Collected: 03/06/91 

Parameter 
2,4,S·Trichloroonenol 
2,4,6-Trichlorop/lenol 
2,4-0initrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorop/lenol 
Pyridine 
Total Cresol 
m·Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTCJ 
Units: ug/L 

SEMIVOLAT!LE TARGET COHPClJNOS 

Result Oet.Lim. 
BQL 10 
BQL 10 
BQL 10 

BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL =Below Quantitation Limi~ 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 

3 



GP ID: 9103042·01B 
Client ID: TCLPO BLANK · EF1 
Collected: 03/06/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxapllene 
ganma·BHC Clirdane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPClJMDS 

Result 
BCL 
BCL 
BCL 
BCL 
BCL 
BCL 
BQL 

Det.Lim. 
0. 14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 

Motes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: AD 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042·01C 
Client ID: TCLPO BLANK - EF1 
Collected: 03/06/91 

Parameter 
2,4-0 
s i l vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8150 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Det.Lim. 
12 
1. 7 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 

5 



GP ID: 9103042-0ZA 
Client ID: TCLPO BLANK· EF2 
Collected: 03/06/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
SOL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit -
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 

6 



GP ID: 9103042·028 
Client 10: TCLPO BLANK · EF2 
Collected: 03/06/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
gamna·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Oet.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

Notes and definitions for this report: 
BQL • Below Quantitation Limit 
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Analyst: AO 
Analyzed: 03/15;91 
Extracted: 03/13/91 

Qualifier 

7 



GP ID: 9103042-02C 
Client ID: TCLPO BLANK · EF2 
Collected: 03/06/91 

Parameter 
2,4·0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Uni ts: ug/l 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Det.Lim. 
12 
1 .7 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: MN 

Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 

8 



GP ID: 9103042-0JA 
Client ID: ZHE BLANK 
Collected: 03/06/91 

Parameter 
1,1-0ichloroethene 
1,2·Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroettaene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPCUNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BOL 
BOL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

Analyst: RT 
Analyzed: 03/12/91 

Oual i fier 
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GP ID: 91D3042·04A 
Client ID: 00·25· 1 
Collected: 03/07/91 

Parameter 
1,1·Dichloroethene 
1,2·Dichloroethane 
1,4·0ichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 

Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMP<l.JNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Dec.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL =Below Quantitatlon Limit 
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Analyst: RT 
Analyzed: 03/12/91 

Qualifier 



GP ID: 9103042·05A 
Client ID: a>·27·1 
Collected: 03/07/91 

Parameter 
1,1·0ichloroethene 
1,2·Dichloroethane 
1,4·0ichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET CC»4PCXJNDS 

Result 
BQL 
BQL 
BQL 
BQL 

35 
BQL 
BQL 

4 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.L im. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL = Below Quentitation Limit 
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Analyst: RT 
Analyzed: 03/12/91 

Qualifier 

J 

J = Indicates an estimated value, below method detection limit 



GP ID: 9103042-0SC 
Client ID: CXl-27-1 
Collected: 03/07/91 

Paramet~r 

2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Mi trobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPClJNOS 

Result Det.Lim. 
BQL 21 
BQL 21 
BQL 21 
BCL 21 
BQL 21 
BQL 21 
BQL 21 

17 106 
BQL 21 

BCL 21 
BQL 21 
BQL 21 
BQL 21 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 

J =indicates an estimated value, below method detection limit 



GP ID: 9103042-0SD 
Client ID: CXl-27-1 
Collected: 03/07/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
gamna-BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8080 
Units: ug/L 

GC TARGET COMPOJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.L im. 
0.14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 

BQL = Below Quantitation Limit 
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Analyst: AD 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042-0SE 
Client ID: CXl-27-1 
Collected: 03/07/91 

Parameter 
2,4-D 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Uni ts: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.L im. 
12 
1. 7 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 91D3042-07A 
Client ID: CXl-55·1 
Collected: 03/07/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPCl.JNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.L im. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
s.o 
10 

BQL = Below Quantitation Limit --
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Analyst: RT 
Analyzed: 03/12/91 

Qualifier 



GP ID: 9103042-078 
Client ID: 00·55·1 
Collected: 03/07/91 

Parameter 
2,4,S·Trichlorophenol 
2,4,6·Trichlorophenol 
2,4·0initrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMJVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL so 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042-07C 
Cl lent ID: 00-55-1 
Collected: 03/07/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
gamna-BHC (lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SW846 8080 
Units: ug/L 

GC TARGET COHPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.L im. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL :: Below Quantitation Limit: 
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Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042·071> 
Client ID: CX>·55·1 
Collected: 03/07/91 

Parameter 
2,4·0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8150 
Uni ts: ug/L 

GC TARGET COHPCXJNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
12 
1.7 

BQL : Below Quantitation Limit 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042-0BA 
Client ID: 00-69-1 
Collected: 03/07/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPCXJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
38 

BQL 
BQL 

7 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det.L im. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

Analyst: RT 
Analyzed: 03/12/91 

Qualifier 
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GP ID: 9103042·088 
Client 10: C0·69·1 
Collected: 03/07/91 

Parameter 
2,4,5-Trichloropllenol 
2,4,6 Trichloropllenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachloropllenol 
Pyridine 
Total Cresci 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
units: ug/L 

SEMIVOLATILE TARGET COHP<XJNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit. 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042·08C 
Client ID: CX>·69·1 
Collected: 03/07/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxaphene 
ganma·BHC CLindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S\.1846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions tor this report: 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL =Below Ouantitation Limit 
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Analyst: AD 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042·080 
Client ID: 00·69·1 
Collected: 03/07/91 

Parameter 
2,4·0 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
12 
1. 7 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042-09A 
Client ID: CXl-70-1 
Collected: 03/07/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Tri ch l oroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET CCJ4POUNDS 

Result 
BQL 
BQL 
BQL 
BQL 

19 
BQL 
BQL 

3 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
s.o 
5.0 
10 
10 
s.o 
s.o 
s.o 
s.o 
s.o 
5.0 
10 

BQL = Below auantitation Limit 
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Analyst: RT 
Analyzed: 03/12/91 

Qualifier 

J 

J = Indicates an estimated value, below method detection limit 



GP ID: 9103042·098 
Client ID: C.0·70·1 
Collected: 03/07/91 

Parameter 
2,4,S·Trichlorophenol 
2,4,6·lrichiorophenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL so 
BQL 10 
BQL 10 

BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit-
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042-09C 
Client ID: CXl-70-1 
Collected: 03/07/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxaphene 

ganma-BHC CLindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 

BQL = Below Quantitation Limit·· 
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Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042·090 
Client ID: 00·70·1 
Collected: 03/07/91 

Parameter 
2,4·D 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SW846 8150 
Units: ug/L 

CC TARGET COHPQJNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
12 
1.7 

BQL = Below Quantitation Limit 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 



GP 10: 9103042-10A 
Client ID: ZHE BLANK 
Collected: 03/07/91 

Parameter 
1,1-0ichloroethene 
1,2-Dichloroethane 
1,4-0i~nlorobenzene 

2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

Analyst: RT 
Analyzed: 03/12/91 

Qualifier 
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GP ID: 91D3042-11A 
Client ID: TCLPO BLANK - EF1 
Collected: 03/07/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dinitroto!uene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorop/'lenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Uni ts: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Oet.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 

BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042·118 
Client ID: TCLPO BLANK · EFl 
Collected: 03/07/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma-BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8080 
Units: ug/L 

GC TARGET COHPClJNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Oet.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: AO 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042-11C 
Client ID: TCLPO BLANK - EF1 
Collected: 03/07/91 

Parameter 
2,4-0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S1"'846 8150 
Uni ts: ug/L 

GC TARGET COMPOUNDS 

Result 
BOL 
BQL 

Oet.L im. 
12 
1.7 

Notes and definitions for this report: 
BOL = Below Quantitation Limit 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Cua l if i er 



GP ID: 9103042·12A 
Client ID: TCLPO BLANK . EF2 
Collected: 03/07/91 

Parameter 
2,4,S·Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dioitrutoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: Ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Oet.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/26/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042·128 
Client ID: TCLPO BLANK · EF2 
Collected: 03/07/91 

Parameter 
Chlordane 
Endrin 
Heptacnlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma-BHC CL indane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Uni ts: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Dec.Lim. 
0. 14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: AD 
Analyzed: 03/15/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042·12C 
Client ID: TCLPO BLANK· EF2 
Collected: 03/07/91 

Parameter 
2,4-D 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Units: ug/L 

GC TARGET CQolPOUNDS 

Result 
BQL 
BQL 

Det.L im. 
12 
1. 7 

Notes and definitions for this report: 
BQL = Below auantitation Limit 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 91D3042-13A 
Client ID: C0-74-1 
Collected: 03/12/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-01chlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET CC»4PCXJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.L im. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL = Below Quantitation Limit 

Analyst: FLP 
Analyzed: 03/13/91 

Qualifier 
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GP ID: 91D3042·13B 
Client ID: 00·74·1 
Collected: 03/12/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-uinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042·13C 
Client ID: CX>-74-1 
Collected: 03/12/91 

Parameter 
Chlordane 
Endrin 
Hepta.;;hlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma-BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Uni ts: ug/L 

GC TARGET COHPClJNDS 

Result 
BQL 
BQL 
BOL 
BQL 
BOL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 

• 
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Analyst: MN 
Analyzed: 03/18/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042·13D 
Client ID: <Xl·74·1 
Collected: 03/12/91 

Parameter 
2,4·0 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 5~846 8150 
Units: ug/L 

GC TARGET COMPOJNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
12 
1.7 
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Analyst: MN 
Analyzed: 03/16/91 
Extracted: 03/13/91 

Oualifier 



GP ID: 9103042·15A 
Client ID: PIA·11·1 
Collected: 03/12/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4·Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET CC»IPCXJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det .Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: RT 
Analyzed: 03/14/91 

Qualifier 



GP ID: 9103042·16A 
Client ID: PIA·12·1 
Collected: 03/12/91 

Parameter 
1,1·Dichloroethene 
1,2·Dichloroethane 
1,4·Dichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Oet.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

BQL = Below Quantitation Limit 

Analyst: FLP 
Analyzed: 03/13/91 

Qualifier 
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GP ID: 9103042·168 
Client ID: PIA-12·1 
Collected: 03/12/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4·011.i trotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNOS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BCL so 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BCL 10 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 
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Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/12/91 

Qualifier 



GP ID: 9103042·16C 
Client ID: PIA-12-1 
Collected: 03/12/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganma·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Uni ts: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 

BQL = Below Quantitation Limit 
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Analyst: MN 
Analyzed: 03/18/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103042-160 
Client ID: PIA· 12· 1 
Collected: 03/12/91 

Parameter 
2,4·0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SU846 8150 
Units: ug/L 

GC TARGET COMPOUNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det.Lim. 
12 
1. 7 
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Analyst: HN 

Analyzed: 03/16/91 
Extracted: 03/13/91 

Oual if i er 



GP ID: 9103~2·01D 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Client ID: TCLPH BLANK · Ef 1 

Element Method Result Oet.Lim. Units 
Arsenic MCAW 200.7 BQL 0.5900 mg/L 
Baril.Ill MCAW 200.7 BQL 0.0490 mg/L 
Caciniw. MCAW 2D0.7 BQL 0.0550 mg/L 
Chromiun MCAW 200.7 BQL 0.01190 mg/l 
Lead MCAW 200.7 BQL 0.5500 mg/L 
Mercury Slo/846 7470 BQL 0.0200 mg/L 
Seleniun HCAW 200.7 BQL 0.4930 mg/L 
Silver MCAW 200.7 BQL o. 1950 mg/L 

GP ID: 9103042·02D 
Client ID: TCLPH BLANK · EF2 

Element Method Result Det.Lim. Uni ts 
Arsenic HCAW 200.7 BQL 0.5900 mg/L 
Bariun HCAW 200.7 BQL 0.0490 mg/L 
Cadmi1.111 HCAW 200.7 BQL 0.0550 mg/L 
Chromiun HCAW 200.7 BQL 0.0890 mg/L 
Lead HCAW 200.7 BQL 0.5500 mg/L 
Mercury Slo/846 7470 BQL 0.0200 1ng/L 
Selenhm MCAW 200.7 BQL 0.4930 mg/L 
Silver MCAW 200.7 BQL 0.1950 mg/L 

GP ID: 9103042·05F 
Client ID: 00·27·1 

Element Method Result Det.Lim. Units 
Arsenic MCAW 200.7 BQL 0.5900 mg/L 
Bariun .MCAW 200.7 0.7650 0.0490 mg/L 
Cadmiun MCAW 200.7 BQL 0.0550 mg/L 
Chromi1.111 MCAW 200.7 BQL 0.0890 mg/L 
Lead MCAW 200.7 BQL 0.5500 mg/L 
Mercury S\J846 7470 BQL 0.0200 mg/L 
Seleni1.111 MCAW 200.7 BQL 0.4930 mg/L 
Silver HCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/06/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27 /91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/27 /91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/07/91 

Digested Analyzed by 
03/15/91 DB 03/27 /91 
03/15/91 OB 03/27/91 
03/15/91 OB 03/27/91 
03/15/91 OB 03/27/91 
03/15/91 OB 03/27/91 
03/15/91 IN 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 OH 03/29/91 



GP ID: 9103042·06.\ 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Cl I ent ID: CX>·27·1 (SPIKED) 

Element Method Result Det.Lim. Uni ts 
Arsenic MCAW 200.7 4.2800 O.S900 mg/L 
Bariun MCAW 200.7 7.2400 0.0490 mg/L 
Caaniun MCAW 200.7 1.1600 a.OSSO mg/L 
Chromiun MCAW 200.7 4.2300 0.0890 mg/L 
Lead MCAW 200.7 S.6100 o.ssoo mg/L 
Mercury Sl.1846 7470 0.1330 0.0200 mg/L 
Seleniun MCAW 200.7 SQL 0.4930 mg/L 
Silver MCAW 200.7 2.4SOO 0. 19SO mg/l 

GP ID: 9103042·07E 
Client ID: CX>·5S·1 

Element Method Result Det.Lim. Uni ts 
Arsenic MCAW 200.7 SQL 0.5900 1119/L 
Bariun MCAW 200.7 0.3760 0.0490 mg/L 
Caanii.n MCAW 200.7 BQL o.osso mg/L 
Chromiun MCAW 200.7 BQL 0.0890 mg/L 
Lead MCAW 200.7 SQL o.ssoo mg/L 
Mercury Sl.1846 7470 0.0496 0.0200 mg/L 
Seleniun MCAW 200.7 0.6210 0.4930 mg/L 
Silver MCAW 200.7 BQL 0 .1950 mg/L 

GP ID: 9103042·08E 
Client ID: CX>·69·1 

Element Method Result Det.L im. Units 
Arsenic MCAW 200.7 BQL O.S900 mg/L 
Bariun MCAW 200.7 0.3000 0.0490 mg/l 
Cadmii.n MCAW 200.7 SQL 0.05SO mg/L 
Chromiun MCAW 200.7 SQL 0.0890 mg/L 
Lead MCAW 200.7 BQL 0.5500 mg/L 
Mercury Sl.1846 7470 SQL 0.0200 mg/L 
Seleniun MCAW 200.7 BQL 0.4930 mg/L 
Sflver MCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Matrix: EXTRACT 
Collected: 03/07/91 

Digested Analyzed by 
03/1S/91 DB 03/27/91 
03/1S/91 08 03/27/91 
03/lS/91 DB 03/27/91 
03/lS/91 DB 03/27/91 
03/lS/91 08 03/27 /91 
03/lS/91 IM 03/15/91 
03/15/91 OS 03/27 /91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/07/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/lS/91 DB 03/27 /91 
03/lS/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/lS/91 DB 03/27/91 
03/lS/91 IM 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/07/91 

Digested Analyzed by 
03/lS/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/1S/91 IM 03/15/91 
03/15/91 OB 03/27/91 
03/15/91 DH 03/29/91 



GP ID: 9103042-09E 
Client ID: 00-70-1 

Element 
Arsenic 
Bariun 
Caaniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103D42-11D 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Lim. Units 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 0.3310 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
HCAW 200.7 BQL 0.5500 mg/L 
SIJ846 7470 0.0403 0.0200 mg/L 
HCAW 200.7 BQL 0.4930 mg/L 
HCAW 200.7 BQL 0.1950 mg/L 

Client ID: TCLPH BLANK • Ef 1 

Element Method Result Det.Lim. Units 
Arsenic HCAW 200.7 BQL 0.5900 mg/L 
Bariun HCAW 200.7 BQL 0.0490 mg/L 
Caaniun HCAW 200.7 BQL 0.0550 mg/L 
Chromiun HCAW 200.7 BQL 0.0890 mg/L 
Lead HCAW 200.7 BQL 0.5500 mg/L 
Mercury SIJ846 7470 0.0229 0.0200 mg/L 
Seleniun MCAW 200.7 BQL 0.4930 mg/L 
Silver HCAW 200.7 BQL 0.1950 mg/L 

GP ID: 9103042·12D 
Client ID: TCLPH BLANK • EF2 

Element Method Result Det .Lim. Units 
Arsenic HCAW 200.7 BQL 0.5900 mg/L 
Bariun HCAW 200.7 BQL 0.0490 mg/L 
Cadniun MCAW 200.7 BQL 0.0550 mg/L 
Chromiun HCAW 200.7 BQL 0.0890 mg/L 
Lead HCAW 200.7 BQL 0.5500 mg/L 
Mercury SIJ846 7470 0.0229 0.0200 mg/L 
Seleniun HCAW 200.7 BQL 0.4930 mg/L 
Silver HCAW 200.7 BQL 0. 1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Matrix: EXTRACT. 
Collected: 03/07/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 IH 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/D7/91 

Digested Analyzed by 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27/91 
03/15/91 IM 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/07/91 

Digested Analyzed by 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27 /91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB D3/27/91 
03/15/91 IH 03/15/91 
03/15/91 DB 03/27 /91 
03/15/91 DH 03/29/91 



GP ID: 9103042-13E 
Client ID: 00-74-1 

El emenr. 
Arsenic 
Bariua 
Ca<iniun 
Chromi1.m 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103042-14A 
Client ID: 00-74-1 

Element 
Arsenic 
Bariun 
Caciniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103042·16E 
Client ID: PIA-12-1 

Element 
Arsenic 
Bariua 
Ca<iniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Lim. Units 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 0.6440 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 2.3900 0.5500 mg/L 
S\J846 7470 BQL 0.0200 mg/L 
MCAW 200.7 BQL 0.4930 mg/L 
MCAW 200.7 BQL 0.1950 mg/L 

SPIKE 

Method Result Det.L im. Units 
MCAW 200.7 3.8900 0.5900 mg/L 
MCAW 200.7 9.2000 0.0490 mg/L 
MCAW 200.7 0.7490 0.0550 mg/L 
MCAW 200.7 4.0900 0.0890 mg/L 
MCAW 200.7 6.3300 0.5500 mg/L 
S\J846 7470 0.1290 0.0200 mg/L 
MCAW 200.7 0.6420 0.4930 mg/L 
MCAW 200.7 2.5100 0. 1950 mg/L 

Method Result Det.Lim. Units 
MCAW 200.7 BQL 0.5900 mg/L 
MCAW 200.7 0.3140 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\1846 7470 BQL 0.0200 mg/L 
MCAW 200.7 0.5670 0.4930 mg/L 
MCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Matrix: EXTRACT 
Collected: 03/12/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 IH 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 DH 03/29/91 

Matrix: EXTRACT 
Collected: 03/12/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 OB 03/27/91 
03/15/91 OB 03/27 /91 
03/15/91 DB 03/27 /91 
03/15/91 IH 03/15/91 
03/15/91 OB 03/27/91 
03/15/91 OH 03/29/91 

Matrix: EXTRACT 
Collected: 03/12/91 

Digested Analyzed by 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 DB 03/27/91 
03/15/91 OB 03/27/91 
03/15/91 IH 03/15/91 
03/15/91 DB 03/27/91 
03/15/91 OH 03/29/91 



APPENDIX C 

LABORATORY RESULTS 
TCLP ANALYSIS OF SOILS 

OF THE PRIMARY IMPACT AREA 
OF THE INNER RANGE; VIEQUES, PR 



-\ 

GP Work Order # 91-03-051 

SAMPLE ANALYSIS REPORT 

Prepared For: 

COMMANDER ATLANTIC DIVISION 
NAVAL FAC.ENG.COM./CODE 181A 

NORFOLK, VA 23511-6287 

PUERTO RICO - EXTRACTS 

Prepared By: 

GP Environmental Services 
202 Perry Parkway 

Gaithersburg, Maryland 20877 

atory Director 



04/08/ i•1 

Work order: 9103051 
Work ID: PUERTO RICO • EXTRACTS 
Date Received: 03/01/91 

COMMANDER ATLANTIC DIVISION 
NAVAL FAC.ENG.COM./CODE 181A 
NORFOLK, VA 23511·6287 
Atten: WAYNE MILLER 

GP ENVIRONMENTAL SERVICES 
ANALYTICAL RESULTS 

SAMPLE IDENTIFICATION 

GP ID Client ID 
9103051·01A PIA-56·1 
9103051-018 
9103051·01C 
9103051·01D 
9103051·01E 
9103051·02A PIA·60·1 
9103051-028 
9103051·02C 
9103051 • 020 
9103051·02E 
9103051·03A TCLPV 8LANIC 
9103051·038 TCLPO 8LANIC 
9103051-0lC 
9103051·030 
9103051·03E TCLPM 8LANIC 
9103051·04A PIA·n-1 
9103051·048 
9103051 · 04C 
9103051·04D 

GP ENVIRONMENTAL SERVICES 
202 Perry Parkway 
Gaithersburg, MD 20877 

Atten: Client Services 
Phone: (800) 926·6802 

Page 



04/08/91 GP ENVIRONMENTAL SERVICES 
ANALYTICAL RESULTS 

SAMPLE IDENTIFICATION 

GP ID Client ID 
9103051-04E PIA-72-1 
9103051-05A PIA-n-1 SPIKED 
9103051-06A PIA-85-1 
9103051-06B 
9103051-06C 
9103051-060 
9103051-06E 
9103051-0?A PIA-93-1 
9103051-0?B 
9103051-07C 
9103051-070 
9103051-0?E 
9103051-0SA PIA-119-1 
9103051-09A TCLPV BLANK 
9103051 -09B TCLPO BLANK 
9103051-09C 
9103051-090 
9103051-09E TCLPM BLANK 

NOTES: Additional s~le results on GP Uork Orders 91-03-025 and 91-03-042. 
Date collected is the date the TCLP extraction was performed. 
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GP ID: 9103051·01A 
Client ID: PIA·56· 1 
Collected: 03/12/91 

Parameter 
1,1·Dichloroethene 
1,2·Dichloroethane 
1,4·Dichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COHPClJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det.Lim. 
s.o 
s.o 
10 
10 
s.o 
s.o 
s.o 
5.0 
5.0 
s.o 
10 

Page 

Analyst: FLP 
Analyzed: 03/13/91 

Oual ifier 
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GP· ID: 9103051·018 
Client ID: PIA·56·1 
Collected: 03/12/91 

Parameter 
2,4,S·Trichlorophenol 
2,4,6·Trichlorophenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEHIVOLATILE TARGET CC»4Pa.JNDS 

Result Der.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL so 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Page 

Analyst: YY 
Analyzed: 03/27/91 
Extracted: 03/13/91 

Qua I if i er 
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GP ID: 9103051·01C 
Client ID: PIA·56·1 
Collected: 03/12/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
ganrne·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8080 
Units: ug/L 

GC TARGET CCllPClJWOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report-: 
BQL = Below Ouantitation Limrt 

Det.Lim. 
0.28 
o. 12 
0.060 
1.7 
3.5 
4.8 
0.080 

Page 

Analyst: MN 
Analyzed: 03/18/91 
Extracted: 03/13/91 

Qualifier 
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CP IO: 9103051-010 
Client IO: PJA-56-1 
Collected: 03/12/91 

Parameter 
2,4·0 
Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SIJ846 8150 
Units: ug/L 

CC TARGET CC»IPClJNOS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Oet.Lim. 
12 
1.7 

BQL = Below Quantitation Limit 

Page 

Analyst: AO 
Analyzed: 04/06/91 
Extracted: 04/05/91 

Qualifier 

Herbicide extraction was not performed within holding time. 
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GP lu: 9103051·02A 
Client ID: P!A·60·1 
Collected: 03/12/91 

Parameter 
1,l·Oichloroethene 
1,2·Dichloroethane 
1,4·Dichlorobenzene 
2·Buunone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: UQ/L 

VOLATILE TARGET COMPClJNDS 

Result 
BQL 
BQL 
BQL 
BQL 

2 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Det.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

Page 

Analyst: FLP 
Analyzed: 03/13/91 

Qualifier 

J = Indicates an esti11111ted value, below .. thod detection limit 
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GP ID: 9103051·028 
Client ID: PIA·60·1 
Collected: 03/12/91 

Parameter 
2,4,S·Trichlorophenol 
2,4,6·Trichloropilenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRAC~ 
Method: 8270(TCl 
Units: ug/L 

SEMIVOLATILE TARGET COMPCl.JMDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL so 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Pa11e 

Analyst: YY 

Analyzed: 03/27/91 
Extracted: 03/13/91 

Cua! if i er 
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GP IO: 9103051·02C 
Client ID: PIA-60·1 
Collected: 03/12/91 

Parameter 
Chlordane 
Encki n 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxapnene 
g111111111·BHC CLindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~6 8080 
Units: ug/L 

GC TARGET COMPCUNOS 

Result 
BOL 
BQL 
BOL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
SOL = Belov Ouantitation Limit 

Oet.Lim. 
o. 14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 

Page 

Analyst: HN 
Analyzed: 03/18/91 
Extracted: 03/13/91 

Qualifier 
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GP ID: 9103051-020 
Client ID: PJA-60-1 
Collected: 03/12/91 

Parameter 
2,!.-0 

Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~846 8150 
Units: ug/L 

GC TARGET CC»IPClJNDS 

Result 

BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Oet.Lim. 
12 
,_ 7 
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Analyst: AD 
Analyzed: 04/06/91 
Extracted: 04/05/91 

Qualifier 

Herbicide extraction was not performed within holding time. 



GP IO: 9103051·03A 
Client ID: TCLPV BLANK 
Collected: 03/12/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 6240TC 
Units: ug/L 

VOLATILE TARGET C~POUNDS 

Result 
BQL 
BQL 
BQL 
BQL 

1 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 

Oet.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: FLP 
Analyzed: 03/13/91 

Qualifier 

J 

J " Indicates an estimated value, below method detection limit 



GP ID: 9103051-038 
Client ID: TCLPO BLAN( 
Collected: 03/12/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-0initrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m-Cresol 
o-Cresol 
p-Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPOUNDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BOL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 

Analyzed: 03/27/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103051-03C 
Client ID: TCLPO BLANK 
Collected: 03/12/91 

Parameter 
Chlordane 
Encfri n 
Heptachlor 
Heptachlor Epoxide 
ICethoxychlor 
Toxapl'lene 

ganrna-BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

ICatrix: EXTRACT 
ICethod: S\.1846 8080 

Units: ug/L 

GC TARGET CCf4PCl.JNOS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limft 

Det.Lim. 
o. 14 

0.060 
0.030 

0.83 

1.8 

2.4 
0.040 
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Analyst: ICN 
Analyzed: 03/18/91 
Extracted: 03/13/91 

Qual i tier 



GP ID: 9103051·03D 
Client ID: TCLPO BLANK 
Collected: 03/12/91 

Parameter 
2,4-0 

Si lvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SW846 8150 
units: ~/L 

GC TARGET CC»4PClJNDS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limft 

Det.Lim. 
12 
1.7 
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Analyst: AO 

Analyzed: 03/25/91 
Extracted: 03/18/91 

Qualifier 



GP IO: 9103051·04A 
Client ID: PIA-n-1 
Collected: 03/13/91 

Parameter 
1,1-Dichloroethene 
1,2-0ichloroethane 
1,4-0ichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET CC»4PCXJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Oet.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: RT 
Analyzed: 03/14/91 

Qualifier 



GP IO: 9103051·048 
Client JO: PIA-n-1 
Collected: 03/13/91 

Parameter 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-0initrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Ni trobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270CTC) 
Units: ug/L 

SEMIVOLATILE TARGET COMPQJNOS 

Result Det.L im. 
BQL , 1 

BQL 11 
BQL 11 
BQL 11 
BQL ,, 
BQL ,, 
BQL ,, 
BQL 55 
BQL ,, 
BQL ,, 
BQL ,, 
BQL 1, 

BQL ,, 

Notes and definitions for this report: 
BQL = Below Quantitation Limit 
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Analyst: YY 

Analyzed: 03/29/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103051-04C 
Client ID: PIA-n-1 
Collected: 03/13/91 

P11r11metl'!r 

Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxapnene 
gamna-BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SIJ846 8080 
Units: ug/L 

CC TARGET COMPCXJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det.Lim. 
0. 14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 
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Analyst: AD 
Analyzed: 03/20/91 
Extracted: 03/18/91 

Qualifier 



GP ID: 9103051-040 
Client ID: PIA-72-1 
Collected: 03/13/91 

Parameter 
2,4-0 

Sil vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Hethod: s~ 8150 
Uni ts: ug/L 

GC TARGET CC»4PClJNOS 

Result 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Limtt 

Det.Lim. 
12 
1.7 
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Analyst: AD 

Analyzed: 03/25/91 
Extracted: 03/18/91 

Qualifier 



GP IO: 9103051·06.4 
Client ID: PIA·85·1 
Collected: 03/13/91 

Parameter 
1, 1-0ichloroethene 

1,2-0ichloroethane 
1,4-0ichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET CC»4PClJNOS 

Result 
BQL 
BQL 
BQL 
BQL 

1 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL a Below Quantitation Li•it 

Oet.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 

Analyst: RT 
Analyzed: 03/14/91 

Qualifier 

J 

J = Indicates an estimated value, below method detection limit 

Page 19 



GP ID: 9103051·068 
Client ID: PIA·85· 1 
Collected: 03/13/91 

Parameter 
2.~.S·iri~hioropnenol 

2,4,6·Trichlorophenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m· Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Units: ug/L 

SEHIVULATILE TARGET CC»4PClJMOS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this report: 
BQL s Below Quantitation Li•it 
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Analyst: YY 
Analyzed: 03/29/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103051·06C 
Client ID: PIA·85·1 
Collected: 03/13/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Hethoxychlor 
Toxapnene 

gamna·BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Hatrix: EXTRACT 
Hethod: SIJ846 8080 
Uni ts: ug/L 

GC TARGET CCf4POJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
0. 14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 

BQL = Below Quantit1tion Limit 
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Analyst: AD 
Analyzed: 03/21/91 
Extracted: 03/18/91 

Oual i fier 



GP 10: 9103051-060 
Client ID: PIA-85-1 
Collected: 03/13/91 

Parameter 
2,4-0 
Silvex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S~6 8150 
Units: ug/l 

GC TARGET CC»4PClJMOS 

Result 
BOL 

0.05 

Motes and definitions for this report: 
BOL = Below Ouantitation Limit 

Det.Lim. 
12 
1. 7 
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Analyst: AD 
Analyzed: 03/25/91 
Extracted: 03/18/91 

Qualifier 

J 

J z Indicates an esti111ated value, below method detection limit 



GP ID: 9103051·07A 
Client ID: PIA-93·1 
Collected: 03/13/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-Dichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COHPClJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Limit 

Det.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: RT 
Analyzed: 03/14/91 

Qualifier 



GP ID: 9103051·078 
Client ID: PIA·93·1 
Collected: 03/13/91 

Par11meter 
2,4,S·Trichlorophenol 
2,4,6·Trichlorophenol 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 6270CTC) 
Uni ts: ug/L 

SEMIVOLATILE TARGET CC»4POJNOS 

Result Oet.Lim. 
BQL 23 

BQL 23 

BQL 23 
BQL 23 
BQL 23 
BQL 23 
BQL 23 

BQL 110 
BQL 23 
BQL 23 
BQL 23 
BQL 23 
BQL 23 

Notes and definitions for this report: 
BQL z Below QIJ8tltitation Limit 
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Analyst: YY 
Analyzed: 03/29/91 
Extracted: 03/13/91 

Qualifier 



GP ID: 9103051·07C 
Client ID: PIA-93·1 
Collected: 03/13/91 

Pal"ameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 
g8111118·BHC Clindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: SIJ846 8080 
Units: ug/L 

GC TARGET CC»IPClJNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Ouantitation Liatit 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 
2.4 
0.040 
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Analyst: AD 

Analyzed: 03/21/91 
Extracted: 03/18/91 

Qualifier 



GP ID: 9103051-070 
Client ID: PIA-93-1 
Collected: 03/13/91 

Parameter 
2 ,4-D 

Sil vex 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S"'846 8150 
Units: ug/L 

GC TARGET CC»4PClJNOS 

Result 
BQL 
BQL 

Notes and definitions for this report: 

Det.Lim. 
12 
1. 7 

BQL a Below Quantitation Limit 
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Analyst: AO 
Analyzed: 03/25/91 
Extracted: 03/18/91 

Cual ifier 



GP ID: 9103051·08A 
Client ID: PIA·119·1 
Collected: 03/13/91 

Pars::ieter 

1,1·Dichloroethene 
1,2·Dichloroethane 
1,4·Dichlorobenzene 
2·Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Uni ts: ug/L 

VOLATILE TARGET CC»4PaJNDS 

Result 
BQL 
BQL 
BQL 
SQL 
BQL 
BQL 
SQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL •Below Quantitation Liait 

Det.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: RT 
Analyzed: 03/14/91 

Qualifier 



GP 10: 9103051·09A 
Client 10: TCLPV BLANK 
Collected: 03/13/91 

Parameter 
1,1-Dichloroethene 
1,2-Dichloroethane 
1,4-0ichlorobenzene 
2-Butanone 
Benzene 
Carbon Tetrachloride 
Chlorobenzene 
Chloroform 
Tetrachloroethene 
Tri chi oroethene 
Vinyl Chloride 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8240TC 
Units: ug/L 

VOLATILE TARGET COHPa.JNDS 

Result 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 
BQL 

Notes and definitions for this report: 
BQL = Below Quantitation Lim.it 

Oet.Lim. 
5.0 
5.0 
10 
10 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
10 
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Analyst: RT 
Analyzed: 03/14/91 

Oual ifier 



GP ID: 9103051·098 

Client ID: TCLPO BLAMK 
Collected: 03/13/91 

Parameter 
2,4,S·Trichlorophenol 
2,4,6·Trichlorophenol 
2,4·Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Total Cresol 
m·Cresol 
o·Cresol 
p·Cresol 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: 8270(TC) 
Uni ts: ug/L 

SEHIVOLATILE TARGET CC»4POJMDS 

Result Det.Lim. 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 50 
BQL 10 
BQL 10 
BQL 10 
BQL 10 
BQL 10 

Notes and definitions for this rl!J)Ort: 
BQL =Below Quantitation Li~t 
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Analyst: YY 

Analyzed: 03/29/91 
Extracted: 03/13/91 

Qualifier 



GP IO: 9103051·09C 

Client ID: TCLPO BLANK 
Collected: 03/13/91 

Parameter 
Chlordane 
Endrin 
Heptachlor 
Heptachlor Epoxide 
'4ethoxychlor 
Toxapllene 
ganma-BHC (Lindane) 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

'4atrix: EXTRACT 
'4ethod: S\.1846 8080 

Units: ug/L 

GC TARGET COMPOJNOS 

Result 
BQL 
BQL 

BQL 

BQL 

BQL 
BQL 

BQL 

Notes and definitions for this report: 
BQL =Below Quantitation Li•it 

Det.Lim. 
0.14 
0.060 
0.030 
0.83 
1.8 

2.4 
0.040 
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Analyst: AD 

Analyzed: 03/21/91 
Extracted: 03/18/91 

Cual if ier 



GP ID: 9103051-090 
Client ID: TCLPO BLAM~ 
Collected: 03/13/91 

GP ENVIRONMENTAL SERVICES 
ORGANIC ANALYSIS RESULTS 

Matrix: EXTRACT 
Method: S"846 8150 
Units: ug/L 

GC TARGET CC»4POJMOS 
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Analyst: AD 

Analyzed: 03/25/91 
Extracted: 03/18/91 

Parameter~~~~~~~~~~~~~~R~es~u~l~t~~~~~~D~e~t~-~L~im~-~~~~~~Cu~a~l~i~f~ie:.:...r 
2,4-0 BQL 12 
Si l vex BQL 1 . 7 

Motes and definitions for this report: 
BQL = Below Quantitation Limit 



GP ID: 9103051·01E 
Client ID: PIA-56·1 

El~nt 

Arsenic 
Bariun 
CIQniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103051·02E 
Client JD: PIA-60·1 

Element 
Arsenic 
Bariun 
Caaniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP 1:: 9103051·03E 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Lim. Uni ts 
MCAIN 200.7 BQL 0.5900 mg/L 
MCAIN 200.7 0.4360 0.0490 mg/L 
MCAIN 200.7 BQL 0.0550 mg/l 
MCAIN 200.7 BQL 0.0890 mg/L 
MCAIN 200.7 BQL 0.5500 mg/l 
SIJ846 7470 BQL 0.0200 mg/L 
MCAIN 200.7 BQL 0.4930 mg/L 
MCAIN 200.7 BQL o. 1950 mg/L 

Method Result Det.Lim. Units 
MCAIN 200.7 BQL 0.5900 mg/l 
MCAIN 200.7 1.0000 0.0490 mg/L 
MCAIN 200.7 BQL 0.0550 mg/L 
MCAIN 200.7 BQL 0.0890 mg/L 
MCAIN 200.7 BQL 0.5500 mg/L 
SIJ846 7470 0.0226 0.0200 mg/L 
MCA\IW 200.7 BQL 0.4930 mg/L 
MCAW 200.7 BQL 0. 1950 mg/L 

Client ID: TCLPM BLANK 

El eme!'t Method Result Det.Lim. Uni ts 
Arsenic MCAW 200.7 0.5920 0.5900 mg/I 
Bariun MCAW 200.7 BQL 0.0490 11111/L 
Cacini 1.111 MCAW 200. 7 BQL 0.0550 mg/L 
Chromiun MCAIN 200.7 BQL 0.0890 mg/L 
Lead MCAIN 200. 7 0.5780 0.5500 mg/L 
Mercury SIJ846 7470 0.0208 0.0200 mg/L 
Seleniun MCAW 200.7 BQL 0.4930 mg/L 
Silver MCAW 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL = Below Quantitation Li•it 
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Matrix: EXTRACT 
Collecte-d: 03/12/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH D3/28/91 
03/19/91 DH 03/28/91 
03/18/91 IM 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 

Matrix: EXTRACT 
Collected: 03/12/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/18/91 IM 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 

Matrix: EXTRACT 
Collected: 03/12/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/18/91 IM 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 



GP ID: 9103051-04E 
Client ID: PIA·n-1 

Element 
Arsenic 
Bariun 
caaniun 
Chromiun 
Leed 
Mercury 
Seleniun 
Silver 

GP ID: 9103051-05A 
Client ID: PIA-72-1 

Element 
Arsenic 
Bariun 
Cadniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ID: 9103051·06E 
Client ID: PIA-85·1 

Element 
Arsenic 
Bariun 
Cadniun 
Chromiun 
Lead 
Mercury 
Seleniun 
Silver 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Lim. Units 

"4CAW 200. 7 BQL 0.5900 mg/L 
MCAW 200.7 0.2600 0.0490 mg/L 
MCAW 200.7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 mg/L 
"4CAW 200.7 BQL 0.5500 mg/L 
SW846 7470 BQL 0.0200 mg/L 
MCAW 200. 7 BQL 0.4930 mg/L 
MCAW 200.7 BQL 0.1950 mg/L 

SPIKED 

Method Result Det.Lim. Units 
"4CAW 200. 7 4. 1900 D.5900 mg/L 

"4CAW 200.7 8.9700 0.0490 mg/L 
"4CAW 200.7 0.8480 0.0550 mg/L 
MCAW 200.7 3.5900 0.0890 mg/L 
"4CAW 200.7 4.0000 0.5500 mg/L 
SW846 7470 0.1310 0.0200 mg/L 

"4CAW 200.7 BQL 0.4930 mg/L 
"4CAW 200.7 2.8900 o. 1950 mg/L 

Method Result Det.lim. Units 
"4CAW 200. 7 BQL 0.5900 mg/L 
"4CAW 200. 7 1. 1100 0.0490 mg/L 
"4CAW 200. 7 BQL 0.0550 mg/L 
MCAW 200.7 BQL 0.0890 1119/L 
MCAW 200.7 BQL 0.5500 mg/L 
S\J846 7470 0.0417 0.0200 mg/L 
"4CAW 200. 7 BQL 0.4930 mg/L 
"4CAW 200.7 BQL 0.1950 mg/L 

Notes end definitions for this report: 
BQL = Below Quantitation Limit 
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"4atrix: EXTRACT 
Collected: 03/13/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/18/91 I"4 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 

"4atrix: EXTRACT 
Collected: 03/13/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/20/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 OH 03/28/91 
03/18/91 1"4 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 

"4atrix: EXTRACT 
Collected: 03/13/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/18/91 1"4 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 



GP ID: 9103051·07E 
Client ID: PIA·93·1 

Element 
Arsenic 
Bariua 
Caciuil.n 
Chromiun 
Lead 
Mercury 
Seleniun 
Si Iver 

GP ID: 9103051·09E 

GP ENVIRONMENTAL SERVICES 
METALS ANALYSIS RESULTS 

Method Result Det.Um. Units 
MCAll\ol 200.7 BQL 0.5900 mg/L 
MCAll\ol 200.7 0.4190 0.0490 ~/L 

MCAll\ol 200.7 0.0886 0.0550 mg/L 
MCAll\ol 200.7 BQL 0.0890 ~/L 

MCAll\ol 200.7 BQL 0.5500 mg/L 
Sl.1846 7 4 70 0.0218 0.0200 mg/L 
MCAll\ol 200.7 BQL 0.4930 mg/L 
MCAll\ol 200.7 BQL 0.1950 mg/L 

Client ID: TCLPM BLANK 

Element Method Result Det.Lim. Units 
Arsenic MCAll\ol 200.7 BQL 0.5900 lllQ/L 
Bariua MCAll\ol 200.7 BQL 0.0490 mg/L 
Caciuiua MCAll\ol 200.7 BQL 0.0550 mg/L 
Chromiun MCAll\ol 200.7 BQL 0.0890 mg/L 
Lead MCAll\ol 200.7 BQL 0.5500 mg/L 
Mercury SIJ846 7470 BQL 0.0200 mg/L 
Seleniun MCAll\ol 200.7 BQL 0.4930 lllQ/L 
Si Iver MCAll\ol 200.7 BQL 0.1950 mg/L 

Notes and definitions for this report: 
BQL •Below Oullntitation Limit 
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Matrix: EXTRACT 
Collected: 03/13/91 

Digested Analyzed by 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/18/91 IM 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 

Matrix: EXTRACT 
Collected: 03/13/91 

Digested Analyzed by 

03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 
03/18/91 IM 03/18/91 
03/19/91 DH 03/28/91 
03/19/91 DH 03/28/91 



APPENDIX D 

STATISTICAL COMPUTATIONS 
SOIL EXTRACT CONCENTRATIONS 

OB AND OD UNITS VS. PIA 



MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

r 

r 

CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RESULTS (ug/L) 
1, 1 Dichloroethene 1,4-Dichlorobenzene 1,2-Dichloroethane 

OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 PASS 10.0 PASS 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 PASS 10.0 PASS 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 PASS 

5.0 PASS 5.0 PASS 5.0 5.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 
0.00 0.00 
0.00 0.00 

1.895 1.895 
5.0 10.0 
5.0 10.0 

Vinyl Chloride 2,4,5-Trichlorophenol 2,4,6-Trichlorophenol 
OB P/F OD P/F PIA I OB P/F OD P/F PIA OB P/F OD 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 21.0 FAIL 10.0 10.0 PASS 21.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 11.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 23.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 

10.0 PASS 10.0 PASS 10.0 10.0 PASS 11.1 PASS 12.0 10.0 PASS 11.1 
0.00 4.50 
0.00 1.70 

1.895 1.943 
10.0 20.8 
10.0 15.3 

P/F 
PIA i PASS 5.0 

PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 
PASS 

PASS 5.0 
0.00 
0.00 

1.895 
5.0 
5.0 

P/F PIA 
PASS 10.0 
PASS 10.0 
FAIL 10.0 
PASS 11.0 
PASS 10.0 
PASS 23.0 
PASS 10.0 
PASS 
PASS 
PASS 

PASS 12.0 
4.50 
1.70 

1.943 
20.8 
15.3 



MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

r 

MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

r 

CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RESULTS (ug/L) 
Total Cresci m-Cresol o-Cresol 

OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 21.0 FAIL 10.0 10.0 PASS 21.0 FAIL 10.0 10.0 PASS 21.0 
10.0 PASS 10.0 PASS 11.0 10.0 PASS 10.0 PASS 11.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 23.0 10.0 PASS 10.0 PASS 23.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 

10.0 PASS 11.1 PASS 12.0 10.0 PASS 11.1 PASS 12.0 10.0 PASS 11.1 
4.50 4.50 
1.70 1.70 

1.943 1.943 
20.8 20.8 
15.3 15.3 

gamma-BHC (Lindane) 2,4-D Silvex 
OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
0.04 PASS 0.04 PASS 0.08 12.0 PASS 12.0 PASS 12.0 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 0.04 12.0 PASS 12.0 PASS 12.0 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 0.04 12.0 PASS 12.0 PASS 12.0 1. 7 PASS 1.7 
0.04 PASS 0.04 PASS 0.04 12.0 PASS 12.0 PASS 12.0 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 0.04 12.0 PASS 12.0 PASS 12.0 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 0.04 12.0 PASS 12.0 PASS 12.0 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 0.04 12.0 PASS 12.0 PASS 12.0 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 12.0 PASS 12.0 PASS 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 12.0 PASS 12.0 PASS 1.7 PASS 1.7 
0.04 PASS 0.04 PASS 12.0 PASS 12.0 PASS 1.7 PASS 1.7 

0.04 PASS 0.04 PASS 0.05 12.0 PASS 12.0 PASS 12.0 1. 7 PASS 1. 7 
0.01 0.00 
0.01 0.00 

1.943 1.943 
0.1 12.0 
0.1 12.0 

P/F PIA 
PASS 10.0 
PASS 10.0 
FAIL 10.0 
PASS 11.0 
PASS 10.0 
PASS 23.0 
PASS 10.0 
PASS 
PASS 
PASS 

PASS 12.0 
4.50 
1.70 

1.943 
20.8 
15.3 

P/F PIA 
PASS 1.7 
PASS 1.7 
PASS 1. 7 
PASS 1.7 
PASS 0.05 
PASS 1. 7 
PASS 1.7 
PASS 
PASS 
PASS 

PASS 1.5 
0.58 
0.22 

1.943 
2.6 
1.9 



MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RES UL TS (ug/L) 
12-Butanone I Benzene Carbon Tetrachloride 

OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 PASS 2.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 35.0 FAIL 1.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 38.0 FAIL 1.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 19.0 FAIL 5.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 10.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 71.0 FAIL 5.0 PASS 5.0 PASS 5.0 
10.0 PASS 10.0 PASS 5.0 PASS 5.0 PASS 5.0 PASS 5.0 
10.0 PASS 5.0 PASS 5.0 PASS 

10.0 PASS 10.0 PASS 10.0 11.0 FAIL 12.7 FAIL 3.6 5.0 PASS 5.0 
0.00 1.80 

\I 0.00 0.64 
1.895 1.895 

10.0 7.0 
10.0 4.8 

2,4-Dinitrotoluene Hexachlorobenzene Hexachlorobutadiene 
OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 21.0 FAIL 10.0 10.0 PASS 21.0 FAIL 10.0 10.0 PASS 21.0 
10.0 PASS 10.0 PASS 11 .0 10.0 PASS 10.0 PASS 11 .0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 23.0 10.0 PASS 10.0 PASS 23.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 10.0 

10.0 PASS 11 .1 PASS 12.0 10.0 PASS 11.1 PASS 12.0 10.0 PASS 11.1 
4.50 4.50 

N 1.70 1.70 
1.943 1.943 

20.8 20.8 
15.3 15.3 

P/F PIA 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 
PASS 

PASS 5.0 
0.00 
0.00 

1.895 
5.0 
5.0 

P/F PIA 
PASS 10.0 
PASS 10.0 
FAIL 10.0 
PASS 11 .0 
PASS 10.0 
PASS 23.0 
PASS 10.0 
PASS 
PASS 
PASS 

PASS 12.0 
4.50 
1 .70 

1.943 
20.8 
15.3 



MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RESULTS (ug/L) 
p-Cresol Chlordane Endrin 

I OB P!F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
10.0 PASS 10.0 PASS 10.0 0.14 PASS 0.14 PASS 0.28 0.06 PASS 0.06 
10.0 PASS 1 O.G PASS 10.0 0.14 PASS 0.14 PASS 0.14 0.06 PASS 0.06 
10.0 PASS 21.0 FAIL 10.0 0.14 PASS 0.14 PASS 0.14 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 11.0 0.14 PASS 0.14 PASS 0.14 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 10.0 0.14 PASS 0.14 PASS 0.14 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 23.0 0.14 PASS 0.14 PASS 0.14 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 10.0 0.14 PASS 0.14 PASS 0.14 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 0.14 PASS 0.14 PASS 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 0.14 PASS 0.14 PASS 0.06 PASS 0.06 
10.0 PASS 10.0 PASS 0.14 PASS 0.14 PASS 0.06 PASS 0.06 

10.0 PASS 11.1 PASS 12.0 0.1 PASS 0.1 PASS 0.2 0.1 PASS 0.1 
4.50 0.05 

\I 1.70 0.02 
1.943 1.943 

20.8 0.3 
15.3 0.2 

Arsenic Barium Cadmium 
OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
0.6 PASS 0.6 PASS 0.6 0.3 PASS 0.0 PASS 0.4 0.1 PASS 0.1 
3.9 FAIL 0.6 PASS 0.6 7.7 FAIL 0.0 PASS 1.0 0.9 FAIL 0.1 
0.6 PASS 0.6 PASS 0.6 0.5 PASS 0.8 PASS 0.0 0.1 PASS 0.1 
0.6 PASS 4.3 FAIL 0.6 0.3 PASS 7.2 FAIL 0.3 0.1 PASS 1.2 
0.6 PASS 0.6 PASS 4.2 0.0 PASS 0.4 PASS 9.0 0.1 PASS 0.1 
1.2 PASS 0.6 PASS 0.6 0.3 PASS 0.3 PASS 1.1 0.1 PASS 0.1 
4.4 FAIL 0.6 PASS 0.6 8.5 FAIL 0.3 PASS 0.4 0.8 FAIL 0.1 
0.6 PASS 0.6 PASS 0.6 0.5 PASS 0.0 PASS 0.0 o., PASS 0.1 
0.6 PASS 0.6 PASS 0.3 PASS 0.0 PASS 0.1 PASS 0.1 
0.6 PASS 0.6 PASS 0.2 PASS 0.6 PASS 0.1 PASS 0.1 
0.6 PASS 3.9 FAIL 0.0 PASS 9.2 FAIL 0.1 PASS 0.7 
0.6 PASS 0.6 PASS 0.6 PASS 0.3 PASS 0.1 PASS 0.1 
4.4 FAIL 9.6 FAIL 0.9 FAIL 

1.5 PASS 1.2 PASS 1.0 2.2 PASS 1.6 PASS 1.5 0.2 PASS 0.2 
1.19 2.83 

N 0.45 1.07 
1.943 1.943 

3.4 7.0 
1.9 3.6 

P/F PIA 
PASS 0.12 
PASS 0.06 
PASS 0.06 
PASS 0.06 
PASS 0.06 
PASS 0.06 
PASS 0.06 
PASS 
PASS 
PASS 

PASS 0.1 
0.02 
0.01 

1.943 
0.1 
0.1 

P/F PIA 
PASS 0.1 
PASS 0.1 
PASS 0.1 
FAIL 0., 
PASS 0.8 
PASS 0.1 
PASS 0.1 
PASS 0.1 
PASS 
PASS 
FAIL 
PASS 

PASS 0.2 
0.26 
0.10 

1.943 
0.7 
0.3 



MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RESULTS (ug/L) 
Chlorobenzene Chloroform Tetrachloroethene 

Ol::l PiF OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 4.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 7.0 FAIL 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 3.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 PASS 5.0 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 13.0 FAIL 5.0 PASS 1.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 PASS 5.0 PASS 5.0 PASS 5.0 
5.0 PASS 5.0 PASS 5.0 PASS 

5.0 PASS 5.0 PASS 5.0 5.7 FAIL 4.9 PASS 5.0 4.6 PASS 5.0 
0.00 0.00 

N 0.00 0.00 
1.895 1.895 

5.0 5.0 
5.0 5.0 

Hexachloroettiane Nitrobenzene Pentachlorophenol 
OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 50.0 PASS 50.0 
10.0 PASS 21.0 FAIL 10.0 10.0 PASS 21.0 FAIL 10.0 50.0 PASS 17.0 
10.0 PASS 10.0 PASS 11.0 10.0 PASS 10.0 PASS 11.0 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 23.0 10.0 PASS 10.0 PASS 23.0 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 10.0 10.0 PASS 10.0 PASS 10.0 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 50.0 PASS 50.0 
10.0 PASS 10.0 PASS 10.0 PASS 10.0 PASS 50.0 PASS 50.0 

10.0 PASS 11.1 PASS 12.0 10.0 PASS 11.1 PASS 12.0 50.0 PASS 46.7 
4.50 4.50 

N 1.70 1.70 
1.943 1.943 
20.8 20.8 
15.3 15.3 

P/F PIA 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 5.0 
PASS 
PASS 

PASS 5.0 
0.00 
0.00 

1.895 
5.0 
5.0 

P/F PIA 
PASS 50.0 
PASS 50.0 
PASS 50.0 
PASS 55.0 
PASS 50.0 
PASS 110.0 
PASS 50.0 
PASS 
PASS 
PASS 

PASS 59.3 
20.78 
7.85 

1.943 
99.7 
74.5 



CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RESULTS (ug/L) 
Heptachlor Heptachlor Epoxide Methoxychlor 

I OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
0.03 PASS 0.03 PASS 0.06 0.83 PASS 0.83 PASS 1.70 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.03 0.83 PASS 0.83 PASS 0.83 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.03 0.83 PASS 0.83 PASS 0.83 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.03 0.83 PASS 0.83 PASS 0.83 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.03 0.83 PASS 0.83 PASS 0.83 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.03 0.83 PASS 0.83 PASS 0.83 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.03 0.83 PASS 0.83 PASS 0.83 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.83 PASS 0.83 PASS 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.83 PASS 0.83 PASS 1.8 PASS 1.8 
0.03 PASS 0.03 PASS 0.83 PASS 0.83 PASS 1.8 PASS 1.8 

MEAN 0.0 PASS 0.0 PASS 0.0 0.8 PASS 0.8 PASS 1.0 1.8 PASS 1.8 
STDV 0.01 0.30 
STDM\I 0.00 0.12 
t FTR 1.943 1.943 
UCL 0.1 1.5 
UCLM 0.0 1.2 

Chromium Lead Mercury 
OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
0.1 PASS 0.1 PASS 0.1 0.6 PASS 0.6 PASS 0.6 0.05 PASS 0.02 
4.2 FAIL 0.1 PASS 0.1 4.0 FAIL 0.6 PASS 0.6 0.08 PASS 0.02 
0.1 PASS 0.1 PASS 0.1 0.6 PASS 0.6 PASS 0.6 0.02 PASS 0.02 
0.1 PASS 4.2 FAIL 0.1 0.6 PASS 5.6 FAIL 0.6 0.03 PASS 0.13 
0.1 PASS 0.1 PASS 3.6 0.6 PASS 0.6 PASS 4.0 0.02 PASS 0.05 
0.1 PASS 0.1 PASS 0.1 1.1 PASS 0.6 PASS 0.6 0.02 PASS 0.02 
4.2 FAIL 0.1 PASS 0.1 4.3 FAIL 0.6 PASS 0.6 0.16 FAIL 0.04 
0. 1 PASS 0.1 PASS 0. 1 0.6 PASS 0.6 PASS 0.6 0.04 PASS 0.02 
0.1 PASS 0. 1 PASS 0.6 PASS 0.6 PASS 0.02 PASS 0.02 
0.1 PASS 0.1 PASS 0.6 PASS 2.4 PASS 0.02 PASS 0.02 
0.1 PASS 4.1 FAIL 0.6 PASS 6.3 FAIL 0.02 PASS 0.13 
0.1 PASS 0. 1 PASS 0.6 PASS 0.6 PASS 0.02 PASS 0.02 
4.2 FAIL 0.17 FAIL 

MEAN 1.0 PASS 0.8 PASS 0.5 1.2 PASS 1.6 PASS 1 .0 0.05 PASS 0.04 
STDV 1.16 1.14 
STDMN 0.44 0.43 
t FTR 1.943 1.943 
UCL 2.8 3.2 
UCLM 1.4 1 .8 

P/F PIA 
PASS 3.5 
PASS 1.8 
PASS 1.8 
PASS 1.8 
PASS 1.8 
PASS 1.8 
PASS 1.8 
PASS 
PASS 
PASS 

PASS 2.0 
0.59 
0.22 

1.943 
3.2 
2.5 

P/F PIA 
PASS 0.02 
PASS 0.02 
PASS 0.02 
FAIL 0.02 
PASS 0.13 
PASS 0.04 
PASS 0.02 
PASS 0.02 
PASS 
PASS 
FAIL 
PASS 

PASS 0.04 
0.04 
0.01 

1.943 
0. 1 
0. 1 



MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

MEAN 
STDV 
STDM 
t FTR 
UCL 
UCLM 

CONSTITUENT CONCENTRATIONS IN SOIL 
BOMBING RANGE; VIEQUES, PR 

SAMPLING RESULTS (ug/L) 
Trichloroethane Pyridine Silver 

OB P/F OD P/F PIA OB P/F OD P/F PIA OB P/F OD 
5.0 PASS 5.0 PASS 5.0 10.0 PASS 10.0 PASS 10.0 0.20 PASS 0.20 
5.0 PASS 5.0 PASS 5.0 10.0 PASS 10.0 PASS 10.0 2.42 FAIL 0.20 
2.0 PASS 5.0 PASS 5.0 10.0 PASS 21.0 FAIL 10.0 0.20 PASS 0.20 
5.0 PASS 5.0 PASS 5.0 10.0 PASS 10.0 PASS 11.0 0.20 PASS 2.45 
5.0 PASS 5.0 PASS 5.0 10.0 PASS 10.0 PASS 10.0 0.20 PASS 0.20 
2.0 PASS 5.0 PASS 5.0 10.0 PASS 10.0 PASS 23.0 0.20 PASS 0.20 
6.0 FAIL 5.0 PASS 5.0 10.0 PASS 10.0 PASS 10.0 2.84 FAIL 0.20 
5.0 PASS 5.0 PASS 5.0 10.0 PASS 10.0 PASS 0.20 PASS 0.20 
5.0 PASS 5.0 PASS 10.0 PASS 10.0 PASS 0.20 PASS 0.20 
5.0 PASS 5.0 PASS 10.0 PASS 10.0 PASS 0.20 PASS 0.20 
5.0 PASS 0.20 PASS 2.51 

0.20 PASS 0.20 

4.5 PASS 5.0 PASS 5.0 10.0 PASS 11.1 PASS 12.0 0.60 PASS 0.58 
0.00 4.50 

\I 0.00 1.59 
1.895 1.895 

5.0 20.5 
5.0 15.0 

Toxaphene Selenium 
OB P/F OD P/F PIA OB P/F OD P/F PIA 
2.4 PASS 2.4 PASS 4.8 0.49 PASS 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 2.4 1.01 FAIL 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 2.4 0.49 PASS 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 2.4 0.49 PASS 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 2.4 0.82 FAIL 0.62 FAIL 0.49 
2.4 PASS 2.4 PASS 2.4 0.68 FAIL 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 2.4 0.96 FAIL 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 2.4 0.52 FAIL 0.49 PASS 0.49 
2.4 PASS 2.4 PASS 0.63 FAIL 0.49 PASS 
2.4 PASS 2.4 PASS 0.49 PASS 0.49 PASS 

0.66 FAIL 0.64 FAIL 
0.49 PASS 0.57 FAIL 
1.13 FAIL 

2.4 PASS 2.4 PASS 2.7 0.68 FAIL 0.52 FAIL 0.49 
0.79 0.00 

N 0.28 0.00 
1.895 1.895 

4.2 0.49 
3.2 0.49 

P/F PIA 
PASS 0.20 
PASS 0.20 
PASS 0.20 
FAIL 0.20 
PASS 2.89 
PASS 0.20 
PASS 0.20 
PASS 0.20 
PASS 
PASS 
FAIL 
PASS 

PASS 0.53 
0.89 
0.32 

1.895 
2.2 
1.1 
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Environmental and Safety Designs, Inc. 
90113 72- 7962 November 1, 1991 

g commanding Officer, Atlantic Division 
~Naval Facilities Engineering Command 
~ATTN: Code 1821; C. Menia 
• Norfolk, VA 23511 

lJ") 
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'<1" 
(") 

x 
0 

RE: Statistical Evaluation of TCLP Extracts; OB and OD Units 
vs. PIA; Vieques, PR; Contract N62470-85-B-7934 

cc Dear Sir: 
ci 
~The Public Works Department, NAVSTA Roosevelt Roads, PR, has 
~requested elaboration on the implications of the results of the 
0 statistical evaluation on current OB/OD operations at the Vieques 
~Bombing Range. 
UJ 
a: 
~The statistical evaluation identifies three constituents (benzene, 
~chloroform and selenium) for which mean concentrations in OB or OD 
~unit soils are higher (at the 95 percent confidence level) than 
~those in the PIA. Those results have these implications relating 
~to current operations: 
~ * Part B Permit Application 40 CFR 264.601 requires 

demonstration that the permitted operations of the hazardous 
waste units will not adversely affect human health and the 
environment. Current operations do not include open burning 
or open detonation of materials containing the hazardous 
constituents exceeding background, and cannot be projected to 
contribute additional contamination. 

* Closure of OB and OD Units - Since the hazardous constituents 
have been detected at the units, they must be addressed at the 
end of the useful life of each unit, either as an element of 
Facility Closure or Corrective Actions of SWMUs. 

The enclosed Statistical Evaluation Report contains corrections of 
typographical errors in the original submittal. 

Enclosures 



E?v-SAn Environmental and Safety Designs, Inc. 
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I October 28, 1991 
a.. 
~ 
UJ 
~ 

• 
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C') 
~ 

~Commanding Officer, Atlantic Division 
~Naval Facilities Engineering Command 
CD ATTN: Code 1821; c. Menia 
ci Norfolk, VA 23511 
a.. 
• a: RE: 
0 
Cl) 
w 
UJ 
a: Dear Sir: 
f-

a: 

Statistical Evaluation of TCLP Extracts; OB and OD Units 
vs. PIA; Vieques, PR; Contract N62470-85-B-7934 

~ Environmental and Safety Designs, Inc. (EnSafe) is pleased to 
~submit the enclosed evaluation of TCLP analysis of soil samples 
~collected by U.S. Navy personnel form the OB, OD and PIA at the 
~ Inner Range on Vieques Island, PR. The statistical evaluation 
~ identifies three constituents for which mean concentrations in OB 

or OD unit soils are higher (at the 95 percent confidence level) 
than those in the PIA. 

comments, please call. 

eakman, Ph.D., P.E. 
dent; Engineering 
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