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DIVISION OF HEALTH SERVICES
P.O. Box 2091
Raleigh, N.C. 27602-2091

Ronold H. Levine, M.D., M.P.H.
STATE HEALTH DIRECTOR

December 11, 1981

Danny Sharpe, Ecologist
I.D.# NC6170022580
Marine Corps Base Camp LejeuneN.C. Hwy. 24 & U.S. Hwy. 16Camp Lejeune, NC 28542

Dear Sir:

The purpose of this letter is to clarify regulations concerning ground-waterquality monitoring at hazardous waste facilities. This is a follow-up to theOctober 21, 1981, notification of monitoring requirements concerning sampleparameters, frequencies and reporting requirements.
The monitoring wells at your facility must be sampled and analyzed each quarterfor the parameters listed under I, II and Ill in Appendix A. For each of theupgradient wells, four replicate measurements are to be taken quarterly for eachof the parameters listed under Ill in Appendix A. Only one measurement of theseparameters (Ill) will be required quarterly for each of the downgradient wells.
For the first year, November, 1981 to November, 1982, the results from analysesof the parameters listed under ! in Appendix A must be submitted to this officewithin fifteen (15) days of the completion of each quarterly analysis AfterNovember, 1982, the parameters listed under I in Appendix A will not e required.
After the first year of sampling has been completed, all monitoring wells, up-gradient and downgradient, must be sampled twice per year for the parameterslisted under Ill and once per year for the parameters listed under II in AppendixA.

The results from these analyses must be compared to the background water qualitydata developed during the first year of monitoring. Information on the determi-nation of background water quality, the arithmetic mean and variance, can befound under Part 265.93(b) in Appendix B.
The outline of your ground-water quality assessment program (Part 265.93(a)Appendix B) should also include any parameter which will be added based on thewaste type at your facility. This may be determined by identifying your EPAhazardous waste code numbers in Appendix C. Appendix C contains a list ofconstituents which are the basis for listing a articul!o he Apendix C parameters, an constitu

--,- .ar process. In addition
J cnLs) usea In your process as listedin Appendix D or any other known characteristic parameter(s) of your waste mustbe included in the ground-water quality assessment program. This will determinewhether any hazardous wastes or hazardous waste constituents have entered theground-water.

A more detailed description of the ground-water quality assessment program alongwith a sample program is given in Appendix E.

STATE OF NORTH CAROLINA James I Hunt, Ji/GOVERNOR DEPARTMENT OF HUMAN RESOURCES
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The analyses of all parameters evaluated for the ground-water quality monitoring
program as well as information required under Part 265.93(d), concerning
contaminant detection, must be submitted to this office annually on or about
November 19 of each year.

Should you have any questions concerning this information or wish to submit
analytical results, please contact:

Gary D. Babb, Geologist
Solid & Hazardous Waste Management Branch
Division of Health Services
P. O. Box 2091
Raleigh, NC 27602
(919) 733-2178

Very truly yours,

.’ ck,Head
Solid & Hazardous Waste Management Branch
Environmental Health Section

GDB:ns
Enclosures (5)



APPENDIX A

I. EPA Interim Primary Drinking Water Standards*

Arsenic Lindane
Barium Methoxychlor
Cadmium Toxaphene
Chromium 2,4-D
Fluoride 2,4,5-TP SilvexLead RadiumMercury Gross Alpha
Nitrite (as N) Gross Beta
Selenium Turbidity (Surface Waters)Silver Coliform BacteriaEndrin

*Maximum allowable concentrations can be found in the May 19, 1980Federal Register, Appendix III, page 33257.

II. Ground-Water Quality Parameters*

Chloride PhenolsIron SodiumManganese Sul fate

*Allowable concentrations based on 1962 Drinking Water Standardsand background water quality data.

III. Ground-Water Contamination Indicators*

pH Total Organic CarbonSpecific Conductance Total Organic HalogenElevation of Ground-Water Surface

*Allowable concentrations determined by background comparisonsee Part 265.93(b) Appendix B.





’Subpart FmGround-Water MonftW255.90 Appricabiliy.

(a} Within one yer after the effective
date of these reooulations, the owner or
operator of a surface impoundment,
land/, or land treatment facil/ty which
is used to manage hazardous waste
mustimplement a ground-water
monitoring program capable of
determining the facility’s impact on the
qual/ty ofground water in the
uppermost aquifer underlying the
facility, except as 265.1 and paragraph
(c) of this Section provide otherwise.

(b) Except as paraaphs (c) and (d) of
this Section provide otherwise, the
owner or operator must install, operate,,
and maintain a ground-water monitoring
system which meets the requirements of
Z65.91, and must comply with
265.92-265.94. This ground-water

monitoring program must be carried out
during the active life of the facility, and
for disposal facilities, during the post-
c]esure care period as well.

(c) All or part of the ground-water
monitoring requirements of this Subpart
may be waived if th owner or operator
can demonstrate that there is a low
potential for ruination of hazardous
waste or hazardous waste constituents
.from the facility via the uppermost
aquifer to water supply wells (domestic,
industrial, or agricultural) or to surface
water. This demonstration must be in
writing, and must be kept at the facility.
This demonstration must be certified by
a qualified geolngist or 8eotechnical
engineer and must establish the
following:

(1) The potential for migration of
hazardous waste or hazardous waste
constituents from the facility to the
uppermost aquifer, by an evaluation of:

(i)A water balance of precipitation,
evapotranspiration, runoff, and
infiltration; and

|fi) Unsaturated zone characteristics
(i.e., geologic materials, physical
properties, and depth to ground water);
and

(Z) The potential for hazardous waste
or hazardous waste constituents which
enter the uppermost aquifer to migrate
to a water supply well or surface water,
by an evaluation o

(i) Saturated zone characteristics (i.e.,
seologic materials, physical properties,
and rate of ground-water flow); and

(fl) The proximity of the facility to
water supply wells or surface water.

(d) If an owner or operator assumes
[or knows) that ground-water monitoring
of indicator parameters in accordance
with 26.91 and 265.92 would show
statistically slsnificant increases [or
decreases in the case of pI-l) when
evaluated under Z65:93(b), he may,
instal], operate, and maintain an
alternate ground-water monitoring
system (other than the one described in
| =65.91 and.). If the owner or
operator decides to use an alternate
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sround-water monitoring system he
must:

(1) Within one year after the effective
date of these regulations, submit to the
Regional Administrator a specific plan,
certified by a qualified geologist or
geotechnical enteer, which satisfies
the requirements of 265.93{d)(3), for an
alternate ground-water monitoring
system;

(2) Not later than one yeerafter the
effective date of these regulations,
initiate the determinations specified in
265.93(d)(4):
(3) Prepare and submit a written

report in accordance with 25.93(d)(5);
(4) Continue to make the

determ/nations specified in
265.93(d)(4) on a quarterly basis until

final closure of the facility: and
(5) Comply with the recordkeepin8

and reporting requirements in

(a) A ground-water monitorin system
must be capable of yie]d/ng ground-
water samples for analysis and must
consist of:

(1} Monitoring wells (at least one)
instalied hydraulically upgradient (i.e.,
in the direction of increasing static
head) from the lim/t of the waste
management area. Their number,
locations, and depths must be sufficient
to yield ground:water samples that are:

(i) Representative of background
ground-water quality in the uppermost
aquifer near the facility; and

ii) Not affected by the facility: and
2)Monitoring we)Is (at least three}

installed hydraulically downgradient
(i.e., in the direction of decreasing static
head) at the limit of the waste
manngement area. Their number,
locations, and depths must ensure that
they immediately detect any statistically
silflcant amounts of hazardous waste
or hazardous waste constituents that
migrate from the waste management
area to the uppermost aquifer.

(b) Separate mouitoring systems for
each waste munngement component of a
fac/lity are not required provided that
provisions for sampling upgrad/ent and
downgradient water quality will detect
any discharse from the waste
management area.

(1) In the case of a fac/lity consisting
of only one surface impoundment,
landfill, or land treatment area, the
waste management area is described by
the waste boundary (perimeter).

(2)In the case of a facility consisting
of more than one surface impoundment,
landfill or land treatment area, the
waste management area is described by

circumscr/bes the several waste
management components.

(c) All monitoring wells must be cased
in a manner that maintains the integrity
of the monituring well bore hole. This
casing must be screened or perforated,
and packed with gravel or sand where
necessary, to enable sample collection
at depths where appropriate aquifer
flow zones ex/st. The annular space (i.e.,
the space between the bore hole and
well casing) above the sampling depth
must be sealed with a suitable material
(e.g., cement grout or bentonite slurry) to
prevent contain/nation of samples and
the ground water.

s.2 Summing nd anysi
(a) The owner or operator must obtain

and aalyze samples from the installed
ground-water monitoring system. The
owner or erator must develop and
follow a grohnd-water sampling and
analysis plan. He must keep this plan at
the facility. The plan must include
procedures and techniques for:.

{1} Sample collection;
{2) Sample preservation and shipment;.
{3) Analytical procedures; and
(4} Chain of custody control.

[Comment" See "Procedures Manual For
Ground-water Monitoring At Solid
Waste Disposal Facilities," EPA-530[
SW-611, August 1977 and "Methods for
Chemical Analysis of Water and
Wastes," EPA--600/4-79-020, March
1979 for discussions o’f sampling and
analysis procedures.]

(b) The owner or operator must
determine the concentration or value of
the following parameters in ground-
water samples in accordance with
paragraphs (c) and {d) of this section:

{1) Parameters characterizing the
suitability of the ground water as a
drinking water supply, as specified in
Appendix m.

{2) Parameters establishing ground-
water quality:

(i) Chloride
(ii) Iron
{iii) Manganese
{iv) Phenols
(v) Sodium
(vi) Sulfate

[Comment: These parameters are to be
used as a basis for comparison in the
event a ground-water quality
assessment is required under
Z65.ga(d).]
{3} Parameters used es indicators o/

ground-water contamination:
(i) pH
{ii) Specific Conductance
{iii) Total Organic Carbon
(iv) Total Orsauic Halogen
{c)(1)’For all monitoring wells, the

owner or operator must establish initial
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background concehtrations or values of
all parameters specified in parsfFaph (b)
of this Section. He must do th/s
quarteHy for une year.

{2) For each of the indicator
parameters specified in psraFaph (b}(3)
of this Section, at least four replicate
measaremen must be obtained for
each sample and the initial bankgmund
arithmetic mean and variance must be
determined by pooling the replicate
measurements for he respective
parameter concentrations o values in
samples obtained fre npgradient wlls
during the first year.

{d) After the first year, all monitoring
wells must be sampled end the samples
analyzed with the following frequencies:

(1) Samples collected to establish
ground-water quality mot be obtained
andanalyzed for the parameters
specified in paragraph (b)(Z) fthis
Section at least annually.

(2) Samples collected to indicate
ground-water contamination must be
obtained and analyzed for the
parameters specified in paragraph (b)(s)
of this Section at leastemi-annually.

(e) Elevation of the ground-water
surface at each monitoring well must be
determined each time a sample is
obtained.

(a) Within one year after the effective
date of these regulations, the owner or
operator must prepare an out/ine of a
ground-water quality assessment
program. The outline must describe a
more comprehensive ground-water
monitoring program (than that described
in Z65.91 and Z65.2) capable of
determining:.

(1) Whether hazardous waste or
hazardous waste constituents have
entered the ground water,

(2) The rate end extent of migration of
hazardous waste or hazardous waste
costitmmte in the ground water;, and

(S) The concentrations of hazardous
waste or hazardous waste constituents
in the 8round water.

(b) For each indicator parameter
specified in 265.92(b)(3), the owner or
operator must calculate the arithmetic
mean and variance, based on at least
four replicate measurements on each
sample, for each well monitored in
accordance with e.92(d)(Z}, and
compare these results with its initial
backgund arithmetic mean. The
comparison must consider individually
each of the wells in the monitoring
system, and must use the Student’s t-test
at the 0.01 lave4 of sIsnificanca (see
Appendix IV) to determine statistically
significant increases (and decreases, in
the case of pH) over initial background.

(c)(1) If the comparisons for the
upgradient wells made under paragraph
(b) of this Section show a significant
increase (or pH de’ease), the owner or
operator must submit this information in
accordance with 5.94(aX2)(ii).

(2)/f the comparisons for
downgradient wells made under
paragraph (b) of this Section show a
significant increase (or pH decrease),
the owner or operator must then
immediately obtain additional ground-
water samples from those downgradient
wells where a significant difference was
detected, split the samples in two, and
obtain analyses of all additional
samples.to determine whether the
significant difference was a result of
laboratory error.

(d)(1) If the analyses performed under
paragraph (c)(2) of this Section confirm
the significant increase (orpH
decrease), the owner or operator must
provide written notice to the Regional
Administrator--within seven days of the
date of such confirmatinn--that the
facility may be affecting ground-water
quality.

(2) Within 15 days after the
notification under paragraph (d)(1) of
this Section, the owner or operator must
develop and submit to the Regional
Administrator a specific plan, based on
the outline required under paragraph (a)
of this Section and certified by a
qualified geologist or geotechnical
engineer, for a ground-water quality
assessment program at the fac/lity.

(3) The plan to be submitted under
6,5.90(d)(I) or paragraph (d)(2) of this

Section must specify:
(i) The number, location, and depth of

wells;
0i) Samplingand analytical methods

for those hazardous wastes or
hazardous waste constituents in the
facility;

(iii) Evaluation procedures, including
any use of previously-gathered ’ound-
water quality information; and

(iv) A schedule ofImplementation.
(4) The owner or operator must

implement the ground-water quality
assessment plan which satisfies the
requirements of paragraph (d)(3) of. this
Section, and, at s minimum, determine:

(i) The rate and extent of migration of
the hazardous waste or hazardous
waste constituents in the ground water;,
and

(ii) The concentrations of the
hazardous wests’or hazardous waste
constituents in the ground water.

(5) The owner or oporator must make
his it determination under paragraph
(d)(4) of this Section as soon as
technically feasible, and, within 15 days
after that determination, submit to the
Riona] Administrator a written report

conta/n/ng an assessment of the ground-
water quality.

(6) If the owners or operator
determines, based on the results of the
first determination under paragraph
(d)(4) of this Section, that no hazardous
waste or hazardous waste constituents
from the facility have entered the
ground water, then ha may reinstate the
indicator evaluation program described
in 26,5.92 and paragraph(b) of this
Section. If the owner or operator
reinstates the indicator evaluation
program, he must so notify the Regional
,dministrator in the report submitted
under paragraph (d)(5) of this Section.

(7) If the owner or operator
determines, based on the first
determination under paragraph (d:}(4) of
this Section, that hazardous waste or
hazardous waste constituents from the
facility have entered the ground water,
then he:

{i) Must continue to make the
determ/nations reqnired under
paragraph (dX4) of this Section on a
quarterly basis until final closure of the
facility, if the ground-water quality
assessment plan was implemented prior
to final closure of the facili or

(ii) May cease to make the
determinations required under
paragraph (d)(4) of this Section, if the
ground-water quality assessment plan
was implemented durins the post-
closure care period.

(e) Notwithstanding any other
provision of this Subpart, any ground-
water quality assessment to satisfy the
requirements of 265.93(d)(4) which is
initiated prior to final closure of the
facility must be completed and reported
in.accordance with Ze,.(d)(5).

(f} Unless the ground water is
monitored to satisfy the requirements of

26,5.93(d)(4), at least annually the
owner or operator must evaluate the
data on ground-water surface elevations
obtained under ,92(e) to determine
whether the requirements under
Z&5.91(a) for locating the monitorir

wells continues to be satisfied. If the
evaluation shows that 265.91(a) is no
longer satisfied, the owner or operator
must immediately modify the number,
location, or depth of the monitorin$
wells to bring the ground-water
monitoring system into compliance with
this requirement.

(a) Unless the ground water is
monitored to sallsfy the requirements of

265.93(d)(4.); the owner or operator
must:

(1) Keeprecords of the analyses
requL,’ed in Z65.92(c) and {d), the
associated ground-water surface
elevations required in 2&.92(e), and
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the evaluations required in 265.93(b|
throughout the active life of the facility,
and, for disposal facilities, throughout
the post-closure care period as well; and

(2) Report the following ground-water
monitoring information to the Regional
Admi.".nistrator:

(i) Durin the first year when initial
backsround concentrations are bein8
established for the facility:
concentrations or values of the
parameters listed in 265.92(b)(1) for
each ground-water monitoring well
within 15 days after completing each
quarterly analysis. The owner or
operator must separately identify for
each monitoring well any parameters
whose concentration or value has been
found to exceed the maximum
contaminant levels listed in Appendix
III.

(ii) Annually: concentrations or values
of the parameters listed in 265.92(b)(3)
for each round-water monitoring well,
along with the required evaluations for
these parameters under 265.93(b). The
owner or operator must separately
identify any significant differences from
initial background found in the
upgradient wells, in accordance with
265.93{c}{1}. During the active life of

the facility, this information must be
submitted as part of the annual report
required under 265.75.

{iii} As a part of the annual report
required under 265.75: results of the
evaluation of ground-water surface
elevations under 265.93{f}, and a
description of the response to that
evaluation, where applicable.
(b} If the ground water is monitored to

atisfy the requirements of
265.93{d}{4}, the owner or operator

nust:
(1) Keep records of the analyses and

evaluations specified in the plan, which
satisfies the requirements of
265.93(d)(3), throughout the acti,e life

of the facility, and. for disposal
facilities, throughout the post-closure
care period as well; and

(2) Annually, until final closure of the
facility, submit to the Regional
Administrator a report containing the
results of his ground-ater quality
assessment program which includes, but
is not limited to, the calculated (or
measured) rate of migration of
hazardous waste or hazardous waste
constituents in the ground water during
the reporting period. This report must be
submitted as part of the annual report
required under 2.65.75.

H 26S.os-26s.lo9 [Raservecl]

Subpart G--Closure and Post-Closure

t 26rt0 Ap.
Except as 265.1 provides otherwise:
(a) Sections 265.111-265.115 (which

concern closure) apply to the owners
and operators of all hazardous waste
facilities; and

(b) Sections 265.117-265.120 (which
concern post-closure care) apply to the
owners and operators of all disposal
facilities,

.111 Closure pef/onnance standard.

The wner or operator must close his
facility in a manner that: {a} minimizes
the need for further maintenance, and
{b} controls, minimizes or eliminates, to
the extent necessary to protect human
health and the environment, post-
closure escape of hazardous waste,
hazardous waste constituents, leachate,
contaminated rainfall, or waste
decomposition products to the ground
water, or surface waters, or to the
atmosphere.

26s.t 12 CMo-,ure pan; nmndmnt of

{a} On the effective date of these
regulations, the owner or operator must
have a written closure plan. He must
keep this plan at the facility. This plan
must ]dentl the steps necessary to
completely close the facility at any point
during its intended life and at the end of
its intended life. The closure plan must
include, at least:

{1} A description of how and when the
facility will be partially closed, if
applicable, and ultimately closed. The
description must identify the maximum
extent of the operation which will be be
unclosed during the life of the facility,
and how the requirements of 265.111
and the applicable closure requirements
of 265.197, 265.226, 265.260, 265.310,
265.351, 265.381, and 265.404 will be met:

{2} An estimate of the maximum
inventory of wastes in storage or in
ti’eatment at any given time during the
life of the facility;

{3} A description of the steps needed
to decontaminate facility equipment
during closure; and

{4} A schedule for final closure which
must include, as a minimum, the
anticipated date when wastes will no
longer be received, the date when
completion of final closure is
anticipated, and intervening milestone
dates which will allow tracking of the
progress of closure. {For example, the
axpected date for completing treatment
or disposal of waste inventory must be
included, as must the planned date for
removing any residual wastes from

storage falities and treatment

(b) The owner or operator may amend
his closure plan at any time during the
active life of the facility. (The active life
of the facility is that period during which
wastes are periodically received.) The
owner or operator must amend his plan
any time changes in operating plans or
facility design affect the closure plan.

(c) The owner or operator must submit
his closure plan to the Regional
Adudn/strator at least 180 days before
.the date he expects to begin closure, The
Regional Administrator will modify,
approve, or disapprove the plan within
90 days oft’ecelpt and after providing
the owner or operator and the affected
public (through a newspaper notice) the
opportunity to submit written comments.
If an owner or operator plans to begin
closure within 180 days after the
effective date of these regulations, he
must submit the necessary plans on the
effective date of these regulations.

{a) Within 90 days after receiving the
final volume of hazardous wastes, the
owner or operator must treat all
hazardous wastes in storage or in
treatment, or remove them from the site.
or dispose of them on-site, in
accordance with the approved closure
plan.

{b} The owner or operator must
complete closure activities in
accordance with the approved closure
plan and within six months after
receiving the final volume of wastes.
The Regional Administrator may
approve a longer closure period under
265.112{c} if the owner or operator can

demonstrate that: {1} the required or
planned closure activities will, of
necessity, take him longer than six
months to complete, and {2) that he has
taken all steps to eliminate any
significant threat to human health and
the environment from the unclosed but
inactive facility.

265.114 Disposal o decontamination of
qulpmnt

When closure is completed, all facility
equipment and structures must have
been proper|y disposed of, or
decontaminated by removing all
hazardous waste and residues.

265.115 Certification of closure.

When closure is completed, the owner
or operator must submit to the Regional
Adm/nistrator certification both by the
owner or operator and by an
independent registered professional
engineer that the facility has been
closed in accordance with the
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Acetaldehyde
(Acetato)phen1mercury
Acetonitrlle
-(alpha-Acetonylbenzyl)-4-hydroxycoumarin
and salts

2-Acetylaminofluorene
Acetyl chloride
-Acet’i-2-thioure8
Acrolein
Aczylamide
Aylonitrile

Aldrn
Allyl alcohol
Aluminum phosphide
4-Aminobip’hem!
e-Ambm-’Lla2.,&a,Sb-hexahydro41-
(hydrmcymethy/|-ea-melimxy-S-
methylcarbamate
pyrtola(1.2-a)indole-4,7-done (ester)
(Mtomycin

S.(Amnomethyl-$.isoxazolo]
4-Amtnoppridina
Amitrole
Antimony and compounds, N.O.S.
Aramite
Arsenic and compounds, N.O.S.
Arsenic acid
Arsenic pentoxide
Arsenic toxida
Auramine
Azaserine
Barium and compounds,
Barium cyanide
Banz[c]acridine
Banz[alsnmcene
Banzene
Banzencetsonic acid
Banzenethhl
Benzidim
Banzo[aJanthra,ene
Benzo[b]uorarene
Banzo[jlfluoahene

Benzotrichlorids

15erylum and compounds. N.O.S.
Bis(g-r.loroethoxy)methane
Bis(2-chloroethyl) ether
N,N-Bis(2-chloroethyl)-2-nap]lthylamine

Bis((C)h]oromethyl} ether
Bis(2-ethylhexyl} phthalate
Bromoaoetone
Bromomethane
4-Bromophenyl p]ny| e/her
Broc/e
2-Bulanone pmxide
But benzyl phtha]ato
2-sec-Buty1-4.-ditrophe
Cadmlum and compounds, N.O.S.
C,it.Jura chromate
Calcium cyanlds
Carbon disulfide
Chlorambuc51
Chlon/une (alpu md 8amm immem|

Chlorinated.benzenes,
Chlorinated ethane, N,O.5.
Chlorinated naphthalene, N.O.S.
Chlorinated phenol N.O.S.
Chlomscetaldehyde
Chloroalloyl ethe
p4.hloroaniline
Chlombenzene
Chlombenzllate
l-(p-Chlorobenzoyl)-S-methoxy-2-

methylindole.34cetic acid
p-ldoro-m-resol
14hloro-2.-epoxybutene
2-Chloroethyl vinyl ether
Chloroform
Chloromethane
Chloromethyl methyl ether
4hloronaphthalene

The abbreviation N.O.S. signifies those member
of the =sacral class "not othevie specified" by
ease n thls I/stint

Z-Chlorophenol
l-(o-Ch|orophenyl)thioum8
Chknz,optonitrile
alpha-Chlorotoluene
Chlorotoluene, N.O.S.
Chromium and compounds, N.O.S.
Chnyaene
Citrus red No. 2
Copper cyanide
Ceoeote
Crotona]dehyde
Cyanides (soluble salts and complexes).

N.O.S,
Cyanoaen
Lyanoaen bromide
Cyanoaen chloride
Cyasin
2-Cyclohexyl-4.6-dini-ophenol
Cyclophosphamide

DDD

DDT
Dillate
Dtbenz[-,.h]acddine
Dibenz[a,j]acridina
Dibenz[a,hJmtthra=ene(Diben=o a,h]
nthrscen)

14-Dibenzo[c]caFoa=ole
DibenzoIa,e]pyrene
Dibenzo[a,h]pymne
DibenJo[8.iJpyreae
1.2-Dibromo--chlompropane
1,2)ibomoethane
Dibronunet]mne
Di-n-butyl phthalate
Dichiorobenzene, N.O.S.
3.3’-Dichlorobenzidine
3.I-Dichloroethae
IJ.-D/chloroethme
trans-l,2-Dichloroethane
Dchloroethlene, N.O.S.
1,1-Dchlylene
Dichloromethane
2,4-Dichlorophenoi
.,S-D/chioropkenot
.ZA.Dichlorophenoxyscetlc acid (2.4-1))
Dich]oropropne
Dichlorophenyl
l.Z-Dichlompropne
Dichloropropanol,
Dichloropropene. N.O.S.
1,&-Diakn’opmpene
Dieldrin
D/epoxybtane
DiethySarsine
0,O-Diethyl-S-(Z-ethylthio)ethyl esterf
phoshorothJc acid

3,2-Diethyhydrazine
0,0-Diethyl-S-mhylester phsphorodthiolc

acid
0,0-Diethylphosphoric acid. O-p-itrophenyl

Dieth3d phthalate
0,O-Diethy3-O-(Z-pyraziny}phcephorothioate
Diethylstilbestm]
Dih3jb’ossfrole
3,4-D/hydrxy-]pha.{methjJemlno)-methyl
benzyl alcoho|

i-isopropylfluophosphete
Dimeoae
3,-Dimthoxybunzxe
p43imehy4aminoaeberee
’.12-Dime*hylbenz|a]anthracene
&3’-Dimeth1benzJdine
Dimethylcarbamoyi chloride
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1.1 -Dimethy|hydrazine
1.2-Dimethylhydrazine
3,3-Dimethyl-l-(methylthio}-Z-butanone.0-

((methylomtno] c.rbonyl)oxime
Dimethylnilrosusmine
alpha,alphu-Dimethylphem:thylamine
2A-I)lmethylplenol
Dimethyl phthulste
Dimethyl sulfate
Dtnitrobenzene. N.O.S.
4.6-Dinitro-o-cresol and salts
2,4-Dinitrophenol
4-1Ymftrotuluene
2.6-Dinitrotoluene Di-n-octyl phthalate
1.4-D|oxane

1.2-Diphenylhydrazine
Di-n-propylnitrosamine
Disulfoton
Z,4-Dithiobiuret
Endosulfan
Endrin and metsbolites
Epichlorohydrin
Ethyl cyanide
Ethylene diamine
Ethylenebisdithiocarhamute (F,BDC)
Ethyleneimine
Ethylene oxide
F.thylenethioureu
Ethyl methenesulfonate
Fluoranthene
FIuurine
2-F]uoroacetamide
Fluuroacetlc acid. sodium suit
Formaldehyde
GIycidylaldehyde
Halomethane, N.O.S.
Heptechlur
Heptachlor epoxide (alpha, beta, and gamma

isomers)
Hexachlorobenzene
Hexschlorobutadiene
Hexachlorocyciohexane (all isomers)
11axechlorocyclopentadiene
Itexachloroethane
1,2.3.4.10,10-Hexachloro-I .4,4a.&8,Sa-
hexuhydro-l.4:5.8-endo.endo.
dimethanonaphthalene

lexachlorophene
llexachloropropene
iexaethyl letraphosphute
lydrazine
Hydrocyanic acid
Hydrogen sulfide
lndenu(12.3-c,d}pyrene
lodomethane
lsocyanic acid, methyl esler
lsosafrole
Kepone
LasJocarpJne
Lead and compounds, N.O.S.
Lead acetate
Lead phosphate
Lead subecetate
Maleic anhydride
Malononitrile
Melphalan
Mercur and compounds, N.O.S.
Methapyrilene
Methomyl
2-Methylsziridine
3-Methylcholanthrene
4.4’-Methylene-bJs-|2.chha’osniline)
Me,by! ehy! ketone (ME.K)
Methyl hydrazine
2-Methyllactonitrile
Methyl methacrylate

Methyl methanesulronate
2-Methyl-2-(methylthio)propionuldehyde-o-

(methylcarbonyl) oxime
N-Methyl-N’-nitro- N-nitroaoauanidine
Methyl parathion
Methylthiouracil
Mustard gas
Naphthalene
1,4-Naphthoquinme
1-Naphthylamine
2-Naphthylamlne
1-Naphthyl-Z-thio,rea
Nickel and compoltnds. N.O.S.
Nickel carbonyl
Nickel cyanide
Nicotine and salts
Nitric oxide
p-Nitroaniline
Nitrobenzene
Nitrogen dioxide
Nitrogen mustard ;rod hydrm:hloride salt
Nitrogen mustard N-oxide and hydrochloride

salt
NitroBen peroxide
Nitrogen tetroxid,:
Nitroglycerine
4-Nitrophenol
4-Nitroquinoline-I -oxide
Nitrosamine. N.OS.
N-Nitrosodi-N-butylamlne
N-NitrosodJethan,dsmine
N-Nitrosodiethylumine
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-N-propylamine
N-Nitroso-N-ethylua
N-Nitrosomethylethylamine
N-Nitroso-N-methylurea
N-Nitroso-N-methylurethune
N-Nitrosomethylvinylamine
N-Nitrosomorpholine
N-Nitrosonornicotine
N-Nitrosoplpefldine
N-Nitrosopyrrolidine
N-Nitrososarcosine
5-Nitro-o-tuluidine
actsmethylpyrophosphuramide
Oleyl alcohol condensed with 2 moles

ethylene oxide
Osmium tetroxid,,
7-OxabicycioJ2.2.lJheptane-2.3-dicarboxylic

acid
Parathion
Pentachlorobenz,.ne
Pentachloroethane
Pentachioronitro!,enzene (PCNB)
Penta.cholorophenol
Phenacetin
Phenol
Phenyl dichloroursine
Phenylmercury a,:etate

N-Phenylthioure,
Phosgene
phosphine
Phosphorothioic acid. O.O-d/methyl ester. O-

ester with N.N-dimethyl benzene
sulfonamide ,.

Phthslic acid eaters, N.O.S.
Phthalic anhydrhle
Polychlorinated bipbenyl. N.O.S.
Potassium cyanide
Potassium silver cyanide
Pronamide
1.2-1h’opanedlol
1,3-Propane sult,me
Propionitrile

Propylthiouractl
2-Propyn-l-ol
Pryidine
Reserpine
Seccharin
Sefrole
Selenious acid
Selenium and compounds. N.O,S.
Selenium sulfide
Selenourea
Silver and compounds. N.O.S.
Silver cyanide
Sodium cyanide
Streptozotocin
Strontium sulfide
Strychnine and salts
1,2.4,5-Tetrachlorobenzene
2.3.7,8-Tetrachlorodibenzo-p-dioxin [TCDD)
Tetrachloroethane, N.O.S.
1.1.1,2-Tetrachloroethane
1.1.2,2-Tetrachloroethane
Tetrachloroethene [Tetrachloroethylem..}
Tetrachioromethane
2.3.4,6-Tetrachlorophenol
Tetraethyldithiopyrophosphate
Tetraethyl lead
Tetraethylpyrophosphate
Thallium and compounds. N.O.S.
Thallic oxide
Thallium (I) acetate
Thallium (I) carbonate
Thullium (l) chloride
Thallium (l) nJtrute
Thallium selenite
Thallium (I) sulfate
Thioacetamide
Thiosemicarbazide
Thioarea
Thiuram
Toluene
Toluene diamine
o-Toluidine hydrochloride
Tolylene diisocyanate
Toxaphene
Tribromomethane
1.2.4-Trichlorobenzene
1.1.1-Tfichloroethane
1,1.2-Trichloroethane
Trichloroethehe {Trichloroethylene}
Trichloromethanethiol
Z4.5-Trichlorophenol
Z4.6-Trichiorophenoi
2,4,5-Trichiorophenoxyacetic acid (2.4.5-T)
2,4,5-Trichlorophenoxypropionic acid |2.4.5-

TP) (Silvex}.
Trichloropropane. N.O.S.
1,2,3-Trichloropropane
O.0,0-Triethyl phoaphorotioate
Trinitrobenzene
Tris(l-azridinyl}phosphine sulfide
Tris(2,3-dibromopropyl} phosphate
Trypan blue
Uracil mustard
Urethene
Vanadic acid. ammonium salt
Vanadium pentoxide (dust}
Vinyl chloride
Vinylidene ddoride
Zinc cyanide

II Doe.. 00-14307 Fik.d S.-le4 8.4.5



APPENDIX E

CHAPTER 3--GROUND-WATER ASSESSMENT PLANS

Part 265, Subpart F, $265.93

1.0 INTRODUCTION

Within one year of the effective date of the Interim Status

Standards (i.e., by November 18, 1981), owners or operators of a

surface impoundment, landfill or land treatment facility must prepare

an outline for conduct of a ground-water quality assessment program

(40 CFR 265.93; see Appendix 8). The measures outllned in the

assessment program would 5e arrled out if the basic ground-water

monitoring program (basic program), also specified in the standards

(40 CFR 265.91; 265.92) indicates that the facillty may be affecting

ground-water quality. The assessment program can be implemented

directly when the owner or operator knows or suspects that the

facility is a contamination source. The basic program is designed

to detect the appearance of contamination while the assessment

program pre-supposes a pollution source and is designed to evaluate

the chemical nature extent and rate of movement of such pollution.

The purpose of this document is to illustrate the tasks which

would be likely elements of an outline for an assessment program.

These tasks include expanded monltor-well Installatlon, more detailed

chemical testing, and possibly surface water sampling and analysis.

Specific technical procedures needed to accompllsh each task (e.g.,

well construction techniques, methods for calculating contaminant

migration rate, etc.) are not presented here because numerous other

documents are available which adequately cover hydrogeologlcal

field analysis. The most applicable is the upcoming "Permit Writer’s

Manual" (Technical Permit Writer’s Guidance Manual for Ground-



.ater lonltorln8 Systems at Hazardous Waste Treatment, Storage

end Disposal Facilltles). Technlcal personnel should be aare

o other EPA reports such as the "Procedures lanual for Ground-Water

lonltorng at Sod Waste Dsposa FacItles" (U.S. EFA, 977), the

ground-water spK rert by nap et a. 977), and the nera

Eectrc TO seres on rod-water ntorg e.., Everett et a.,

97). The U.S. ooKca Suey s conducted a wde rge o studies

employg teclques appropriate to zardous ste investigations

(e.g., Zohdy et al., 197A; ood, 1976; niw and Bredehoeft, 1978).

Professlonal ouals, such as Grodter (published by the Natlonal

ater ell soction) and Envlrotal Scice and Tecolosy (published

by t erican Chical Soclety), and current ttbooks, ch as those

by Bour (1978) d eeze and Cherry (1979), are al exclent

sources. See Section 4 for colece references.



2.0 GROUND-WATER QUALITY ASSESSMENT PROGRAM COMPONENTS

The principal goals of a ground-water quality assessment program

based on the interim status standards (Section 265.93 (d) (4); Appendix

B), are to establish:

"The rate and extent of migration of the hazardous waste or
hazardous waste constituents in the ground-water; and

The concentrations of the hazardous waste or hazardous was.re
constituents in the ground-water."

Each of these major issues can be examined in three phases:

The treatment of the issue within the basic ground-water
monitoring program;

Areas where the basic program is inadequate;

Examples of a more comprehensive assessment program.

The differences between a basic program and an assessment program are

hlghllghted in Table 1.

Except for the source of contamination, the assessment program

would be, in principal, very similar to most routine hydrogeological

impact assessments. These studies are fully discussed in the technical

llterature (see for example, Todd and McNulty, 1974 and Freeze and Cherry,

1979). Whereas the interim status standards define specific components

in the basic program, only overall goals are set for the assessment program.

This approach allows maximum flexlbility for solving contamination issues.

The speclflc components of the assesmnent program will be selected,

therefore, based on the professlonal Judgement of the geologlst or hydro-

geologist performing each indivldual site analysis.
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Most of the principal components of a ground-water assessment

program are shown in Table I, though slte-speclflc characteristics may

necessitate other technical approaches. Whereas the basic program

includes wells at the limit of the waste management area, an assessment

program could include a series of wells further downgradlent and,

possibly, greater numbers of multi-level well "nests." Organic contam-

inants which are analyzed through gross indicators (e.g., using total

organic carbon and total organic halogen tests) in the basic program

might be more completely determined for example, through gas chromato-

graphy or gas chromatography/mass spectrometry.



3.0 EXAMPLE OF GROUND-WATER ASSESSMENT PROGRAM TMPLEMENTATION

In the hypothetical settln8 shown in Figure i, 8round-water

samples from one downgradient well (number 3) showed a statlstically

significant increase in organlc indicator parameters (total organic

carbon and total organic halogen). These results were confirmed by

duplicate sampling and testing. To trace the spread of contamination,

as the first step in the ground-water quality assessment program, an

addltlonal line of downgradlent wells was installed (numbers 5 through

10>.

Water samples were taken from all new end old wells. A screening

for organic constituents was performed using gas chromatography. The

work showed that three wells (numbers 3, 7 and 8) contained elevated

levels of purgeable (volatile) organics while the others (numbers 1,

2, 4, 5, 6, 9, and 10) were not contaminated. Gas chromatography/mass

spectrometry was then used for analysis of samples from the three

contaminated wells. Benzene and toluene were identified as the principal

pollutants from the wells. Wells number 7 and 8 produced ground-waters

of much lower concentrations than the original contaminated well

(number 3), suggesting that the edge of the leachate plume was not far

from the second line of wells.

To further define the spread of the plume, two additional well sites

(numbers 11 and 12) were developed closer to the river. Since the river

receives ground-water discharge and the unconsolidated aquifer bordering

the river thickens at this point, "nested" wells were drilled. Each



ltver
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01

a. Basic monltorins program

ll@ 12

5060 " "i090103 l
dtt’ectinfreS"lnal

20 @ O 4 SrOund-water
flow

D1

b. Assessment

O

@

hazardous waste management facility

downgradlent well

upgradlent well

"nested" wells (2 wells per site)

well taps contaminated
ground-water

edse of leachate plume

FIGURE 1

HYPOTHETICAL MONITORWELL CONFIGURATIONS
USED FOR GROUND-WATER CONTAMINATION ANALYSIS



nst contained to wells; one screened near the watertable and one

screened at greater depth in the saturated zone. None of the nested

wells produced contaminated ground-waters, indicating that the leachate

plume had not yet reached the area.

The ground-water assessment program successfully determined the

spread of contamination. The declsion-maklng process illustrated in

this example is shown schematlcally in Figure 2.



BASIC GROUNDIWATEE
MONITORTNG PROGRAM

Install Wells
1 Throush

Conduct Background
MonitorinS

Repeat Chmical
Tests On Well 3

SIn Well #3 Shows
tletlcally StEnlfIcant
crease In OrganicsJ

Ground-Water
Aeeemsent Program

r- Analytical Step

C) Results of Analysis

GC gas chromatography

CC/MS gas chroatography/ass
spectrometry

EXPANDED GROUND-WATeR
UALITY ASSESSMENT PROGRAM

Install Wells
5 Through 10

Organic Screentn
On All Well S-ples

Wells 3,7, and 8
how Elevated Levels
Purgeable Organic/

Perforu OC/KS
Analysis On Smnplea
Frou Wells 3.7 and 8

d Toluene Noted In
Well8 3,7 and 8

Install Well
Nests 11 And 12

Test Samples
Well Nests 11 AndJ
or Ben,e d

Toluene

No Contamination
Noted

FIGURE 2

DECISION STEPS IN GROUND-WATER CONTAMINATION
ANALYSIS AN EXAMPLE
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